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ABSTRACT

Rice husk, an abundant agricultural byproduct, has garnered attention as a potential source of
natural silica, a material with a myriad of applications. Natural silica is particularly attractive due to
its low cost of production and safe handling. In this study, sodium silicate derived from rice husk
ash was employed to create mesoporous nanosilica (MNS) via the sol-gel process. The extraction
process commenced with the utilization of rice husk as a precursor for silica, capitalizing on its
silica-rich composition. Fourier-transform infrared (FTIR) analysis was performed to ascertain the
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presence of Si-O-Si bonds within the synthesized MNS. This critical step confirmed the successful
formation of silica-based materials. Subsequently, X-ray diffraction (XRD) analysis was employed,
revealing a significant peak at 22 degrees, a clear indicator of the presence of crystalline silica.
Examining the morphology of the MNS, field-emission scanning electron microscopy (FESEM)
results showcased a smooth surface and spherical morphology. Additionally, high-resolution
transmission electron microscopy (HR-TEM) was employed,
nanoparticles smaller than 100 nanometers, which is indicative of the mesoporous nature of the
synthesized nanosilica. Characterization techniques, including FTIR, XRD, FESEM, and HR-TEM,
provided compelling evidence of successful nanosilica extraction. The findings underscore the
potential of utilizing agricultural waste products for the sustainable production of valuable materials
like nanosilica, which holds promise in various industrial applications. This research not only
contributes to the valorization of agricultural residues but also aligns with the pursuit of eco-friendly
and cost-effective materials for a wide range of applications.

revealing the presence of
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1. INTRODUCTION

In recent trends, nanotechnology has gained
attention as an emerging technology. Research
on nanomaterials is crucial to the advancement
of nanotechnology. One of the nanomaterials
being developed by several researchers right

now is mesoporous material. Since the
successful synthesis of the mesoporous silica
material MCM-41 in 1992, the researcher's

interest in studying mesoporous materials has
significantly expanded [1]. Rice husk (RH), a kind
of agricultural waste is a possible source of
natural silica resources.

Rice serves as the primary source of nutrition for
more than 3 billion people and rice growing tracts
produce a significant quantity of agricultural
waste, including husk, straw and ash [2]. More
than 120 tonnes of RH are thought to be wasted
each year after being processed for milling [3].
Rice husk makes up 20% of the bulk grain weight
of rice [4]. It comes from the rice milling
industries as a by-product. Since the RH waste
sites are often set on fire, open burning has
become the preferred technique for disposing of
RH [5]. Since rice milling is necessary to
generate high-quality, edible rice kernels, waste
management must also follow sustainable
agriculture and circular economy principles [6].
Rice husk is composed of cellulose (40-50%),
lignin (25—-30%), and silica (15-20%) [7] [8]. RH
is resistant to deterioration, offers minimal
nutritional content and is often used as a
component of animal feed and as a cheap fuel
source [9].

The Food and Drug Administration (FDA) defines
nanoparticles (NPs) as inorganic materials
having dimensions less than 1000 nm. They

have valuable qualities like magnetic or optical
properties [10]. Mesoporous silica nanoparticles
are highly advantageous as they offer distinctive
structural characteristics such as large surface
area, high volume of pores, durable mesoporous
structure, adjustable pore and particle size, as
well as easy internal and exterior surface
functionalization [11] [12].

MNS have not yet completely fulfilled their
potential in the agriculture sector. MNS porosity
and tunable interior and surface characteristics,
as well as their diameter and shape, enable them
to function as cargo or vehicle that can load and
unload proteins, nutrients, and tiny molecules or
chemicals into the soil system [13]. In the present
study, a simple sol gel approach was used to
synthesize Mesoporous nanosilica (MNS) and it
was characterized with FTIR, XRD, FESEM, and
HR-TEM.

2. MATERIALS AND METHODS

2.1 Rice Husk and

Calcination

Pre-processing

Mesoporous silica was produced using rice husk
ash as the source, following the synthesis
method outlined by Purwaningsih et al. [1], and
Dorairaj et al. [14]. The rice husk was thoroughly
washed with water to remove dirt, dust, sand,
and other contaminants and then dried in an
oven at 100 °C for 24 h. The rice husk was
calcined at 700°C for 5 hours to obtain white-
colored rice husk ash.

2.2 Synthesis of Mesoporous Silica
Nanoparticles (MNSSs)

The MNS was extracted from amorphous RHA
according to sol-gel method with few
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modifications. The ash was subjected to acid
leaching using a 1:15 ratio of 1 M HCI solution in
a magnetic stirrer for 2 hours. Afterward, the
acid-treated husk was washed with water to
eliminate any excess acid from the surface and
then dried in an oven overnight at 90°C.

The dried acid leached RHA was mixed with 2 N
NaOH solution at a 1:10 ratio and heated at 90°C
with constant stirring for 120 minutes to extract
sodium silicate from the ash. The solution was
then filtered and kept aside for aging. The
sodium silicate extract was titrated against 0.5 M
H2SO4 with 4% PEG (Polyethylene glycol) to
form a gel. The solid material was collected in a
centrifuge tube and centrifuged at 5000 rpm four
times, with alcohol used for two washings and
water for the other two. The collected solid was
then dried in an oven overnight at 90°C and
subsequently calcined at 500°C for 3 hours.

2.3 Characterization of
Nanosilica (MNS)

Mesoporous

2.3.1 Physical characterization

Functional groups present in the synthesized
MNS were identified from the spectra of Fourier
transform infrared (FTIR). The spectra were
collected in the range of 400—4000 cm™'. X-Ray
diffractometer (XRD) Analysis (Empyrean,
Malvern Panalytical) is done to evaluate the
structure and composition of the synthesized
MNS.

2.3.2 Electron microscopic observation

The surface topology, morphology and elemental
composition of the MNS were characterized

using a high-resolution field emission scanning
electron microscope (FESEM) (FEI,
Netherlands.). The structure and particle size
were examined using a high-resolution
transmission electron microscope (FEI,
TECHNAI G-2, Netherlands).

3. RESULTS AND DISCUSSION

3.1 FTIR Analysis

The FT-IR spectrum of MNS (Fig. 1) exhibited
distinct absorption bands corresponding to the
structured silica material. The broad spectral
feature observed at 3340.71 cm-1 was ascribed
to the stretching vibration associated with the Si—
OH (silanol) groups. The absorption band
observed at 1072 cm™', which exhibited broad
characteristics, was assigned to the stretching
vibrations of Si-O-Si (siloxane) bonds.
Additionally, the absorption peaks at 964 cm',
794 cm~' and 439 cm~' were associated with the
bending vibrations of Si—-OH bending, SiO-H
symmetrical stretching, and Si-O bending
respectively. Similar results are already reported
by Wanyika et al. [15].

Singh et al. [16] reported that the FTIR spectra of
MNS revealed the characteristics absorption
bands of ordered silica at 3319.16 cm™', 2950.76
cm-1, 2840.39 cm™', 1649.96 cm~', and 1016.79
cm~'. The broad bands appearing at 3319 cm™!
2950.76 cm~' and 2840.39 cm~' were attributed
to the stretching vibration of the Si—-OH (silanol)
groups. The 1016.79 cm™' broad absorption
bands were ascribed to Si—O-Si (siloxane)
stretching vibrations whereas the 1649.96 cm™’
band was attributed to Si-OH bending ions [17].
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Fig. 1. FTIR spectrum of Mesoporous Nano Silica (MNS)
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3.2 X-Ray Diffraction (XRD)

The surface area and crystalline phase of the
mesoporous nanosilica were evaluated by
powder X-ray diffraction (XRD) analysis. The
diffractogram of mesoporous silica nanoparticle
(Fig.2) indicated that the largest peak at 20 =
22°, This is attributed to silica, thus indicating the
existence of silica in the nanosample. The results
are in agreement with the findings of Purwasingh
et al. [1].

The preference for amorphous RHA over the
crystalline form arises from its enhanced
reactivity, non-hazardous characteristics, and
ease of absorption by plants, as noted by Shen
et al. [18]. The alteration in the structure of rice
husk from crystalline to amorphous depends on
the duration and temperature of incineration.
Therefore, the combustion conditions are critical
in producing reactive silica, as highlighted by
Khan et al. [19] and llochonwu et al. [20].

The RH kept for calcination at 700°C showed
ivory color. However, there were variations in
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their coloration. Specifically, the RH subjected to
combustion at 550°C resulted in a greyish RHA,
while the RHA produced through combustion at
600°C exhibited an ivory hue, as reported by
Dorairaj et al. [14].

3.3 Field Emission Scanning Electron
Microscope (FESEM)

Based on FESEM imaging, the silica
nanoparticles (NPs) were very homogeneous
and spherical (Fig. 3). The clusters of particles
imply aggregation of MNS. The presence of a
somewhat diversified grain size with uneven
distribution on the surface was noted. The
distinction between clusters may be observed
pretty clearly.

The results were in agreement with previous
studies which had demonstrated that electron
microscopic observation confirmed the formation
of Si-NPs as aggregating clusters of uniform
nanostructures. Further examination through
FESEM micrographs showed that the NPs were
20-25 nm, in size [14].
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Fig. 2. XRD Characterization of Mesoporous Nano Silica (MNS)
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Fig. 4. TEM image- Mesoporous Nano Silica (MNS)

3.4 High-Resolution Transmission
Electron Microscopy (HR-TEM)

Based on the TEM imagery, the silica
nanoparticle morphologies are coarse and
identical shapes (Fig.4). It reveals

that the silica particles agglomerates and
there is no obvious border between particles. It
displays the size of particles are smaller than
100nm.

Purwasingh et al. [1] reported that the silica
nanoparticle morphologies are granular and
similar shapes. TEM images of hydrothermal
treatment at 100°C and 115°C have the most
uniform particle size. The average size of

particles from hydrothermal at 100°C was 73.54
nm and 115°C was 79.65nm.

4. CONCLUSION

From the research that has been done, it can be
concluded that silica extraction (SiO2) was
successfully performed by using acid-leaching
and sol-gel method with rice husk ash as the
source. The synthesis of mesoporous silica
nanoparticles with the addition of PEG surfactant
was successful. Extracted silica has an
amorphous structure and a particle size of less
than 100nm. The synthesis of MNS holds
promising potential across various applications in
agriculture.
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Rice husk ash is a potential green resource. The
extraction of MNS from RHA involves a relatively
straight forward process that includes a pre-
treatment step. The proposed method of
preparing nanosilica from rice husk is simple and
helps minimize waste disposal problems.
Moreover, this method proves to be cost-
effective since it primarily relies on readily
available and inexpensive chemicals as reagents
and reduces environmental impact.
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