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Abstract

This study illustrates the low-cost, eco-friendly synthesis of silica nanoparticles using local bamboo leaves
collected in August 2024 from the Aqqan Valley in the Al-Masimir District of Lahij Governorate, Yemen. Nanosil-
ica powder synthesis by precipitation method is generated subsequent to thermal treatment of BLA at 750°C
followed by characterization using advanced characterization techniques. The absorption peaks close to λmax.
= 240 nm in the UV spectrum showed silica nanoparticles, which were observed using UV-Vis spectroscopy.
The presence of a siloxane group (Si-O-Si) in the experimental FT-IR spectral data indicated the high purity of
the nanosilica particles. The prepared silica showed a high purity of 97.82% using XRF. The particle size deter-
mined by transmission electron microscopy (TEM) was found to be between 10.79 nm and 22.73 nm with minor
agglomerations. Analysis of the nanosilica by X-ray diffraction (XRD) confirmed an amorphous structure with a
peak intensity at 2θ=23°.
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1. INTRODUCTION
Bamboo is one of the fastest-growing and highest-
yielding natural resources. Its leaf ash (BLA), which
contains over 70% amorphous silica and has a high
surface area, serves as a rich silica source suitable for
various industrial applications [1]. Bamboo leaves are
treated as waste, as countries that have an abundance
of bamboo use them mainly for pulp and construction [2].

Amorphous silica nanoparticles have recently become
increasingly popular because of their distinctive prop-
erties, including high compatibility and extensive sur-
face area, and remarkable chemical and thermal stability,
making them suitable for various potential applications,
such as drug delivery, biosensing, surface coatings, and
abrasives [3]. Silica is widely employed in the manu-

facturing, adsorption, packaging, agriculture, and many
other fields. It has wide applications in various industries,
including foundries, cement manufacturing, glassmaking,
and the chemical industry [4].

Silicon dioxide (SiO2), commonly known as silica, is
an inorganic compound with widespread natural and
industrial applications, including its presence as flint,
quartz, and sand [5]. Various techniques, such as chem-
ical precipitation, solvent extraction, ion exchange, and
electrolytic deposition can be used to extract nanosilica
from agricultural waste [6]. Studies on the manufac-
ture of silica from various agricultural wastes, including
corncobs [7], maize husks [8], rice husks [9], sugarcane
bagasse [10] and bamboo stalks [11], have been pub-
lished. Moreover, few studies have been conducted on
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the generation of silica from bamboo leaves. Therefore,
this study presents the production of nanosilica from
bamboo leaves using the precipitation method and the
characterization of the as-precipitated nanosilica. This
study aids in green waste disposal and contributes to the
circular economy’s sustainable development goals.

2. MATERIALS AND METHODS
2.1. Materials
Bamboo leaves (Figure 1) tacked from the Aqqan Val-
ley, Al-Masimir District, Lahij Governorate, Yemen, were
used as a source of silica for the synthesis of nanosilica
particles. The chemical materials used were sodium hy-
droxide (NaOH) and, hydrochloric acid (37% HCl) from
Germany-PanReac AppliChem, and sulfuric acid (98%
H2SO4) from India Thomas Baker.

Figure 1. Bamboo Tree and its leaves

2.2. Methods
The collection of bamboo leaves and the synthesis of
silica dioxide nanoparticles (SiO2NPs) were carried out
with slight modifications to the methods reported in [9,
12].

2.2.1. Preparation of Bamboo Leaves Ash (BLA)
The collected bamboo leaves have been washed thor-
oughly with distilled water to remove dust and debris and
allowed to dry for 2 days at 60°C in an oven to remove
moisture. The dried leaves were ground in a grinder and
the powder was heated in a muffle furnace at 750°C for 4
hours to obtain ash, which was then collected and milled
to obtain fine particles.

2.2.2. Nanosilica Powder Synthesis Method
Bamboo Leaves The (BLA) thus obtained were treated
with 7% HCl at 60°C with continuous stirring for 30 min
to remove the metal impurities. Subsequently, the acid
was removed from the BLA by filtration through a filter

paper (No.1) and washed with hot distilled water several
times. In a beaker, BLA was mixed with sodium hydrox-
ide solution (NaOH 2.5M) and heated at 80°C for 3 h
with magnetic stirring to form sodium silicate Na2SiO3.
Subsequently, concentrated sulfuric acid H2SO4 was
added dropwise with continuous stirring to form a silica
gel. The silica gel contained water (moisture) and some
impurities; therefore, the beaker was placed in an oven
at 100°C for 12 h for drying. After drying, the precipitate
was thoroughly washed with hot distilled water to remove
residual impurities. The resulting product was collected
in crucibles and calcined at 600°C for 3 h to produce a
white silica nanoparticles (SiO2NPs).

2.2.3. Characterization of Nanosilica
The obtained nanosilica powder subjected to various
characterization studies to identify its structure and mor-
phology. The samples were analyzed using characteri-
zation devices at Al-Mansoura University in Egypt. X-ray
fluorescence spectroscopy (XRF) (EDX-720, Shimadzu,
Japan) was used to determine the elemental composition
and purity of the oxide-based nanosilica powder. The
phase purity and crystallinity of the nanosilica powder
were assessed by XRD analysis using a PANalytical
X’Pert Pto MPD instrument equipped with a Cu Kα (λ =
1.5406 Å) beam radiation source, operated at an accel-
eration voltage of 40 kV and an output current of 30 mA.
The diffraction angle (2θ) was scanned from 10° to 80°
at a rate of 1°min-1. The shape and size of the nanosilica
powder were examined using TEM (JEOL, JEM-2100,
Japan) with a 200 keV electron beam and a sample
mounted on a carbon-coated copper grid. FTIR spec-
troscopy was used to determine the potential vibration
of functional groups found in powdered silica nanopar-
ticles, and was performed in the wavenumber range of
400–4000 cm-1 using a Bruker FT-IR spectrometer (In-
venio S, Germany). A UV-Vis double-beam spectropho-
tometer (Model: UH5300, Hitachi High Technologies,
Tokyo, Japan) was used to determine the optical charac-
teristics of SiO2 NPs.

3. RESULTS AND DISCUSSION
3.1. Synthesis of Silica dioxide

nanoparticles
The detailed synthesis method for the SiO2 NPs is shown
in Figure 2. In this method, the following chemical reac-
tions occur and SiO2NPs are formed:

Bamboo Leaves biomass ash + HCl −→
Leached ash(SiO2)

2NaOH + SiO2 → Na2SiO3 + H2O
Na2SiO3 + H2SO4 → SiO2 + Na2SO4 + H2O
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