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Abstract. Rice husk has high silica (SiOz) content and can be used as the primary material for making nano-silica. One of the methods for
synthesizing nano-silica was the hydrothermal method. The objective of this study was to synthesize nano-silica from rice husks by
observing the effect of temperature in the hydrothermal process on the structure, electrical and particle properties of nano-silica. The
hydrothermal process temperature was 150, 200, and 250 °C for 4 hours. The results showed that all nano-silicas were in the amorphous
phase. The particle size was in the range of 0.16-13.49 nm with more uniform size distribution on nano-silicas of 200 °C and 250 °C than
nano-silica at 150 °C. These three nano-silicas were included in the semiconductor category by increasing temperature and frequency. In
addition, these treatment variations resulted 200 °C for 4 hours and pressure of 2 atm as the optimum treatment for manufacturing nano-

silica of rice husk ash. This nano-silica could be used as semiconductor material for electronic industry.
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1. Introduction

Indonesia is a country with abundant natural resources
potential. These potentials include oil, gas, and mineral
materials. Among mineral materials, some materials are
classified as oxides that have the potential to use high-tech
applications such as Zn0O, SiO2, MgO, Al203, and TiOs.
Oxide materials, mainly silica, have been widely used in
various applications. The most regular and commercial use
of silica is the primary material for the glass industry and
raw material for making solar cells (Burkowicz et al., 2020;
Husain et al., 2018). Several studies have shown that
natural-based silicas such as silica from bamboo leaf
(Aminullah et al., 2018; Irzaman et al., 2018), baggase
(Adli et al., 2018), cogon grass (Irzaman et al., 2021), and
rice husk (Irzaman et al., 2020; Rohaeti et al., 2010) have
been successfully purified and synthesized into silica
nanoparticles. Nano-silica is used in science and industrial
applications such as catalysts, pigments, pharmaceuticals,
drugs, cosmetics, and food (Nabeshi et al., 2011). This is
because silica (Si02) nanoparticles have good stability, are
chemically inert, are biocompatible, and can work in
harmony with the body's work system and form a single
spherical (Yuan et al., 2010). According to Khan et al.,
(2019), nanoparticle materials are considered more
efficient to use because they are defined as materials with
a size of about 1-100 nm so that their surface area is larger
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and undergoes specific changes compared to larger-sized
materials.

According to the BPS (2019), the total rice production
in Indonesia in 2019 was around 54.60 million tons of dry
milled grain (DMG). Rice husk, as an abundant waste,
especially in agrarian countries, is one of the largest
sources of silica production. Rice husk contains silica as
much as 85%-95% dry weight after complete combustion
(Hossain et al., 2018). However, rice husk is considered a
less helpful material and has low nutritional value because
rice husk has a reasonably high ash content (Deviani et al.,
2018). With the silica content in rice husks, this waste can
be used not to cause environmental pollution by extracting
silica from the rice husks so that organic silica can be used
as an alternative.

Several methods are used to synthesize nano-silica,
such as sol-gel, coprecipitation, polymeric gel, and
hydrothermal (Hasri et al., 2020; Jal et al., 2004; Rahman
and Padevettan, 2012; Yazdani et al., 2010). Among these
methods, the hydrothermal method has several
advantages: it does not require high costs and has easy
steps in the manufacture of nanoparticle materials. There
are 3 methods in hydrothermal processing for
manufacturing nanoparticles, namely temperature-
difference method, temperature-reduction technique, and
metastable-phase technique (Byrappa and Masahiro,
2001). This research using temperature-difference method
in hydrothermal processing in manufacturing nano-silica
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from rice husk ash. Yazdani et al. (2010) reported that
nano-silica synthesize with different pressures (3, 5, and 7
atm) at 200 °C. In another previous study, Iftitahiyah et
al., (2018) synthesized NaX zeolite from Bangka Belitung
kaolin and produced the best results in 4 hours. Then
Rahma (2017) synthesized sodium hexatitanate within 24
hours and produced the best results at a temperature of
150 °C. Based on these literatures, the research will
synthesize nano-silica using the hydrothermal method
with temperature variations of 150 °C, 200 °C and 250 °C
for 4 hours and pressure of 2 atm. This study aims to
determine the effect of temperature in the hydrothermal
process on nano-silica from rice husks on size
characteristics, size distribution (particle size analysis),
crystal structure, and electrical properties.

2. Materials and Methods
2.1 Materials and Tools

The materials used in this study were dry rice husk
charcoal (Hippo Grow Indonesia, Ltd., South Tangerang,
Banten Province, Indonesia), 3% HCI (technical, Sigma
Aldrich), 2.5 N NaOH (Merck/technical, Sigma Aldrich), 5
N H2S04 (Merck/p.a, Sigma Aldrich), and distilled water.
The equipment used in this research included Particle Size
Analyzer (PSA) type NanoQ, X-Rays Diffraction (XRD)
type SHIMADZU XRD 7000 X-RAY MAXima
Diffractometer, LCR meter type Hioki HITESTER 3522-
50, hydrothermal reactor type Parr 4848, furnace
(Nabertherm GmbH), analytical balance, magnetic stirrer,
and universal pH indicator.

2.2 Nano-silica Synthesis Process
2.2.1 Preparation of Rice Husk Ash

Rice husk charcoal was weighed as much as 6 grams
and then put into a porcelain dish and then burned using
a kiln to avoid any impurities while making rice husk ash.
The combustion process was carried out at room
temperature and then raised at 450 °C and held for 2
hours. Subsequent combustion, the temperature was
raised to 900 °C with the increasing temperature rate of
1.67 °C min‘!, and held for 1 hour at temperature of 900 °C
(Irzaman et al., 2020; Rohaeti et al., 2010; Verina, 2014).
Then, the temperature was lowered to room temperature.

2.2.2 Nano-silica Synthesis

The nano-silica synthesis process was carried out using
the hydrothermal method referring to Yuvakkumar et al.,
(2012) and Maesaroh (2020). After the ashing process, the
rice husk ash was weighed and washed using a 3% HCI
solution to reduce the impurities present in the rice husk
ash other than silica.
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Fig.1. A schematic figure of the high-pressure Parr 4848 reactor
system: (1) high pressure burette; (2, 3) balancing columns;(4, 5,
7) taps; (6, 9) monometers; (8) gas line; (11) electric heater; (12)
valve; (13) temperature and speed controller; (14) sampling tap;
(10,15) cooling line;(16) mixer (0—2000 rpm); (17) reactor. (Toshtay
& Auezov, 2020).
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The washing process was carried out as follows: first, rice
husk ash was put into a beaker glass and mixed with 3%
HCl in a ratio of 12 mL of 3% HCI for 1 gram of rice husk
ash, then heated at 200 °C on a hotplate and stirred at high
speed of 240 rpm using a magnetic stirrer for 2 hours. After
that, the sample was filtered using filter paper, and the
precipitate was taken. The precipitate was washed using
warm distilled water repeatedly until it was free of acid.
The acid-free precipitate was dissolved as much as 5 grams
into 150 mL of 2.5 N NaOH while stirring using a magnetic
stirrer at 80 °C at a speed of 240 rpm for 3.5 hours.

The sodium silicate was then put into a hydrothermal
reactor with 150 °C, 200 °C, and 250 °C for 4 hours and
pressure of 2 atm. A schematic diagram of hydrothermal
reactor type Parr 4848 was shown in Fig. 1. The results of
the hydrothermal process were then filtered using filter
paper to separate them from the residue. Next, the
filtration results were titrated with 5 N H2SO4 while
stirring using a magnetic stirrer to pH 2 to extract the
nano-silica precipitate. The precipitate obtained was then
filtered and washed using distilled water until the pH was
neutral. The filtration results were then calcined at a
temperature of 500 °C using a furnace for 3 hours
(Yuvakkumar et al., 2012). The final result of this
calcination process was a white silica powder.

2.3 Nano-silica Characterization
2.8.1 Structure analysis

Samples were prepared as much as 0.3 grams and then
scanned by XRD XPERT-PRO starting from an angle of 5°
to 90° with a Cu-Kal radiation source with = 1.5406 A, the
generator voltage is 40 kV. The average crystallite size and
nano-silica lattice strain from the XRD pattern using the
Scherrer equation (1).

Pcosl = 0%/1 + 4nsinf (1)

where B was the maximum half-peak width (FWHM), D
was the crystallite size, A was the X-ray wavelength, n was
the lattice strain and 0 was the diffraction angle. Crystal
size and lattice strain were calculated using the curve
between BcosO to 4sin0 so that linear regression lines were
obtained for all compositions (Nasir et al., 2020).

2.8.2 Particle size analysis

Samples resulting from the hydrothermal process with
temperature variations of 150 °C, 200 °C, and 250 °C were
characterized to observe particle size and particle
distribution using PSA (Particle Size Analyzer) Nano-Q.
First, the sample was prepared by dispersing 0.02 grams
of nano-silica in 10 ml of distilled water. Then the solution
was measured using PSA for 1-2 minutes. The particle size
data obtained were in the form of three distributions,
namely intensity, number, and volume, to describe the
overall state of the sample (Nikmatin et al., 2012).

2.3.3 Electrical conductivity analysis

Samples resulting from the hydrothermal process with
temperature variations of 150 °C, 200 °C, and 250 °C were
characterized using an LCR meter type Hioki HITESTER
3522-50. LCR meter was used to determine the electrical
properties of a material. One of the electrical properties
that were read on the LCR device was conductance which
can indicate the ability of a material to conduct electricity.
The conductance value can be used to calculate the
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electrical conductivity value of the sample using the
equation (2).
Gd
g =— 2
= @)
where 0 was the electrical conductivity (S. cm1), G was the
conductance (S), d was the distance between the plates
(cm), and A was the surface area (cm2).
While the activation energy for each hydrothermal

temperature could be calculated from electrical
conductivity analysis through equation (3).
_ _fEal
InoT =Inag, - 3)

where 0 was the electrical conductivity (S. cm1), 0o is the
constant (S. ecm1), T is the temperature (K), Ea is the
activation energy (eV), and k is the Boltzmann constant
(8.617 x 105 eV. K1). The value of Ea/k is the slope in the
obtained equation.

3. Results and Discussion
3.1 Crystal phase and size of nano-silica

The structure of the rice husk nano-silica sample was
analyzed at an 20 angle of 5° to 90° as shown in Fig. 2. Fig.
2 shows that nano-silicas at 150, 200, and 250 °C have
similar structure pattern, and have the highest diffraction
peaks at 20 of 22.97°, 23.06°, and 22.87°, respectively.
Based on the figure, it can be seen that the nano-silica
produced in this study has the strongest peak at 20 of 22°
to 23°, which indicates that they are an amorphous phase
of silicon dioxide (Irzaman et al., 2020). According to Yusof
et al., (2010) in his research showed that the silica
contained in rice husk ash had an amorphous phase with
the strongest peak at 20 of 23°.

Intensity (a.u.)

Si0,

2 Theta (o)

Fig. 2. Diffractogram of nano-silica at hydrothermal process
temperature of 150 °C, 200 °C, and 250 °C

Table 1
Crystal size and lattice strain of nano-silica
Hydrothermal Crystal size ) .
Lattice strain
temperature ("C) (nm)

150 12.95 0.76
200 15.2 4x103
250 8.06 1.71
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The crystal size was calculated using the Scherrer
equation. Full Width at Half Maximum (FWHM) analysis
means that the width of the diffraction peak at half the
peak height is carried out using the Match! 3 software.
Other factors that influence the magnitude of the FWHM
value are the instrument factor and the lattice strain
factor. Crystal size and lattice strain of nano-silica as
shown in Table 1 were calculated using the curve between
BcosO to 4sinb so that a linear regression line was obtained
for all compositions (Nasir et al., 2020).

Table 1 shows the effect of hydrothermal temperature
on crystal size and lattice strain of the sample. Increasing
the reaction temperature from 150 °C to 200 °C increases
the crystal size. This can happen because the increase in
temperature will accelerate crystal growth which involves
the condensation process. In addition, the solubility can
affect the crystal size. At low solubility, the ionic mobility
becomes low and tends to cause the crystal size to become
larger due to the crystallization process (Byrappa and
Masahiro, 2001). However, the crystal size decrease again
when the reaction temperature increased from 200 °C to
250 °C. This is because there is a rapid formation of several
small crystals at higher temperatures due to the higher
ionic mobility at high solubility, which competes for
available chemical nutrients that do not occur at lower
temperatures when the nucleation process occurs. High
temperatures encourage nucleation more than crystal
growth. The higher the hydrothermal temperature, the
more crystal nuclei are formed so that the crystal growth
takes longer, resulting in smaller crystal sizes (Maesaroh,
2020).

The FWHM value influences the crystal size, which a
large FWHM value will cause a decrease in the value of the
crystal size. The smaller the crystal size causes lead to the
higher the lattice strain. The lattice strain value can
interpret how much strain the atoms making up the
compound have (Purwamargapratala and Purnama,
2010). The lattice strain value increases because the
decrease in the crystal size will cause the distance between
the atomic planes to become larger and make the lattice
more stretched so that the lattice strain value increases
(Qin and Szpunar, 2005).

3.2 Particle size and distribution of nano-silica

Particle size results from the agglomeration process of
primary particles so that one particle consists of more than
one crystal (Setiawan, 2015). There are three types of
distribution based on particle analysis data, namely
intensity, volume, and amount. The particle size of the
nano-silica that was successfully synthesized from rice
husk is smaller than the size of the silica that has not been
hydrothermally synthesized, and its size varies depending
on the temperature variation of the hydrothermal process.
The measurements using PSA can be seen in Table 2 with
particle sizes in nanometers based on intensity
distribution.

Table 2 shows the nano-silica of 150 °C, 200 °C, and 250
°C have average sizes of 1.95 nm, 0.54 nm, and 0.86 nm,
respectively. Silica without hydrothermal treatment has
average size of 864.26 nm. This indicates that the
synthesized nano-silica from rice husks is successfully
done by processing it in hydrothermal condition for 4
hours. While silica without hydrothermal treatment still
do not reach nano scale particle category. Khan et al.,
(2019) reported that a material will belong to the nanoscale
particle when it has a size of about 1-100 nm.
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Table 2
Particle size of nano-silica from rice husk ash
Average ) )
Hydrothermal ) ) Polydispersity
Size size
treatment (°C) index (PDI)
(nm) (nm)
150 0.43-13.49 1.95 0.594
200 0.16-1.86 0.54 0.195
250 0.20-3.89 0.86 0.266

Increasing the temperature from 150 to 200 °C causes
the particle size of nano-silica tend to decrease. However,
by increasing the temperature from 200 to 250 °C, there is
an increase in particle size. When the temperature
increases, the solubility will increase, but when the
temperature is increased again, the silica solubility tends
to decrease (Setiawan, 2015). According to Byrappa and
Masahiro (2001), high solubility conditions would result in
high ionic mobility, low viscosity, and high ion
concentration which will cause the agglomerate to
separate then produce smaller particle sizes. However,
when the temperature was increased again, the particle
size increased again with better crystallinity
(Mohammadikish, 2014). Based on the particle size
analysis, it can be said that the untreated sample has a
larger particle size than the synthesized nano-silica using
hydrothermal.

Particle size distribution is related to polydispersity
which is usually expressed in PDI (Polydispersity Index).
The PDI shows the non-uniformity of the particle size.
Yuan et al. (2010) stated that the smaller the PDI value,
the more homogeneous the particle size. Avadi et al. (2010)
also stated that the PDI which more than 0.5 indicates a
high heterogeneity and it indicates a uniform particle size
if the PDI value is close to 0. According to Nidhin et al.
(2008), nanoparticles with an extensive size distribution
will have a PDI more than 0.7. Meanwhile, Kafshgari et al.
(2010) stated that a homogeneous dispersion has a PDI
value close to zero, while a PDI value greater than 0.3
indicates a heterogeneous dispersion.

The increase in temperature from 150 °C to 200 °C also
causes the PDI value to decrease with the PDI value at 200
°C process temperature of 0.195. This shows that the
higher the hydrothermal temperature used, the smaller
the PDI value will be. Likewise, Setiawan (2015) stated
that the higher hydrothermal temperature would cause
the PDI value to decrease. However, when the process
temperature increases to 250 °C, the PDI value will
increase to 0.266. According to Utomo (2015), the PDI
value is influenced by the particle size range. The wider
the range of particle sizes, the higher the PDI value will
be. This causes the PDI value of nano-silica at 250 °C to be
greater than the PDI of 200 °C. This is also due to the
agglomeration process, which combines the primary
particles with other primary particles to form secondary
particles. In addition to increasing particle size,
agglomeration will also increase the particle size non-
uniformity (Utomo, 2015). Based on the three treatment
temperatures of the hydrothermal process, it can be said
that the size of the nano-silica obtained is more uniform
with increasing treatment temperature, although, in this
study, the smallest PDI was obtained at 200 °C.

Int. J. Renew. Energy Dev 2022, 11(3), 640-646
| 643

3.8 Electrical conductivity analysis

This study collected data at 200 points with a frequency
range of 50 Hz to 5 MHz to represent low to high
frequencies. Thus, low, medium, and high frequencies are
in the range of 50 Hz — 1000 Hz, 100 kHz — 500 kHz range,
and 1 MHz — 5 MHz, respectively, which can be seen in
Table 3.

Based on the value of electrical conductivity, a material
can be grouped into conductors, semiconductors, and
insulators. Conductor materials have electrical
conductivity values in the range of 103 to 10% S. cml,
semiconductor materials have electrical conductivity
values in the range 108 to 103 S. cm!, and insulator
materials have electrical conductivity values at a range
from 1018 to 108 S. cm! (Kwok, 1995). Table 4 shows that
the synthesized nano-silica with various process
temperatures of 150, 200, and 250 °C tends towards
electrical conductivity values at low frequencies below
108 S. cm!. This indicates that nano-silica of rice husk has
insulating properties at low frequencies. Table 4 also
shows that the nano-silica at all temperatures at medium
and high frequencies are in the range of 10% to 103
S. cm'l. This suggests that nano-silica at medium and high
frequencies has semiconductor properties. Based on the
electrical conductivity values at the three hydrothermal
processing temperatures, it can be said that the produced
nano-silicas have semiconductor properties with
increasing frequency and process temperature, although
the electrical conductivity value is very low. In addition to
the increasing kinetic energy of the atoms, this is also
because, at low frequencies, the impurity atoms have not
yet vibrated, so they are insulators. Meanwhile, when the
frequency increases, it causes the impurity atoms to
vibrate, thereby increasing the electrical conductivity of
the three samples (Har et al., 2020).

Increasing the temperature from 150 to 200 °C causes
higher electrical conductivity. This increase in
temperature allows the vibration of atoms in the lattice to
accelerate. However, by increasing the temperature from
200 to 250 °C, there is a decrease in electrical conductivity.
The results of XRD characterization support this. The
increase in electrical conductivity can be attributed to the
increase in crystal size. The larger the crystal size, the
closer the distance between the grains, so the potential for
barriers between the grains is getting smaller. This causes
the electron transfer process to be faster (Qin and Szpunar,
2005). In addition, to increase the electrical conductivity of
nano-silica, energy is needed to activate the mobility of
ions through the defects of the crystal structure. This
energy is called the activation energy. The equation in
Table 3 can determine the activation energy value for each
hydrothermal temperature through equation (3). The
equation is derived from electrical conductivity of nano-
silicas, which can be seen in Fig. 3. Based on equation (3),
the value of the activation energy of nano-silica at
temperatures of 150, 200, and 250 °C are 1.733 X 106,
2.207 x 106, and 1.943 x 106 eV, respectively. Increasing
the temperature from 150 °C to 200 °C increases activation
energy from 1.7 x 106 eV to 2.2 X 10¢ eV. However, the
activation energy decreased at 250 °C to 1.9x106 eV. This
shows that the higher the given temperature, the more the
mobility of electrons moving from one grain to another so
that the electrical conductivity is higher (Budiana, 2016).
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Table 3
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The electrical conductivity of nano-silica at low, medium, and high frequencies

Electrical conductivity (x 10-7 S. cm-?)

Frequency

150 °C 200°C 250°C
50 Hz - 1000 Hz (low) 0.018-2.1 0.014-2.63 0.0053-3.04
100 kHz - 500 kHz (medium) 0.34-12.3 0.209-13.17 0.234-9.6
1 MHz - 5 MHz (high) 0.39-164.2 4.48-184 4.48-165.9

Equation

y =17.597-0.0201x

y = 7.399-0.0256x y = 7.396-0.0224x

Note: the equation in Table related to Equation (3), where y is lno T constant is In g¢; and x is %
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Fig. 3. Relationship of In ¢ T and I1/T on nano-silicas at
hydrothermal temperatures of 150, 200, and 250 °C

Based on this property, nano-silica of rice husk ash can be
applied as semiconductor material for electronic industry.
Suwanprateeb & Hatthapanit (2002) reported that rice-
husk-ash-based silica was utilized as a filler for embedding
composites in electronic devices. Another study such as
Terada et al. (2022) converted recycled rice husk into
orange-red Si Quantum Dot. In addition, it was found that
the hydrothermal treatment of 200 °C for 4 hours and
pressure of 2 atm is the optimum treatment in the
manufacture of nanoparticles made from rice husk ash.

6. Conclusion

The synthesized nano-silica from rice husk has an
amorphous phase with the highest diffraction angle at 20
of 22° to 23°. Increasing the temperature would decrease
the crystal size with the smallest crystal size of 8.06 nm
and increase the lattice strain with the largest value of
1.71 at a temperature of 250 °C. The increase in
temperature also decreases the particle size, with the
smallest particle size of 0.813 nm at 200 °C. The particle
size distribution of the synthesized nano-silicas at 200 °C
and 250 °C were more homogeneous than nano-silica at
150 °C. The three variations of hydrothermal temperature
indicate that the synthesized nano-silica was
semiconducting at medium and high frequencies. In
addition, the hydrothermal temperature of 200 °C was the
optimum temperature for the manufacture of nano-silica
from rice husks.
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