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Young bamboo leaves represent a promising biomass resource for silica production owing 
to their high silica content. This study aims to determine the effects of different alkali 
solvents on the extraction and synthesis of nanosilica from young bamboo leaf ash using 
hydrothermal and sol-gel methods. Young bamboo leaf ash was calcined at 700°C for 4 
hours, then extracted with NaOH, KOH, and Na₂CO₃ solutions at 1–3 N at 85°C for 3 
hours. The extracted filtrate was then hydrothermally processed at 120°C for 6 hours. 
Nanosilica synthesis was carried out using the sol-gel method by adding a 1 N HCl 
solution until the gel reached pH 7 to precipitate silica in gel form, then drying at 110°C 
to obtain nanosilica powder. The resulting product was characterized using X-Ray 
Fluorescence (XRF), X-Ray Diffraction (XRD), and Scanning Electron Microscope-
Energy Dispersive X-Ray (SEM-EDX). The XRF analysis of the raw material showed a 
SiO₂ content of 68.6%, indicating that young bamboo leaf ash has potential as a source of 
silica. The highest yield was obtained with 1.5 N NaOH at 94.40%, followed by 1.5 N 
KOH at 72.59% and 2 N Na₂CO₃ at 24.87%. XRF characterization of the product showed 
a SiO₂ content of 62.059%. The XRD results indicated that the resulting silica was 
dominated by an amorphous phase with a small crystalline phase, while the SEM-EDX 
analysis showed a dominance of Si and O elements and agglomerated particle 
morphology with particle sizes ranging from 206.5–563.7 nm. Based on the research 
results, 1.5 N NaOH is the most effective solvent for producing nanosilica from young 
bamboo leaf ash. 

Contribution to Sustainable Development Goals (SDGs): 
SDG 7: Affordable and Clean Energy 
SDG 9: Industry, Innovation and Infrastructure  
SDG 12: Responsible Consumption and Production 
SDG 13: Climate Action 
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1. INTRODUCTION 

1.1. Research Background  

Bamboo is one of the abundant natural resources in Indonesia and 
has high utilization potential in various industries [1]. Besides 
being widely used as construction and household materials, 
bamboo leaves also contain high silica content and can be utilized 

as an alternative silica source [2]. Previous studies reported that 
bamboo leaf ash contains silica up to 75.90–82.86% [3], While 
young bamboo leaves have higher silica content than older leaves 
[4]. However, bamboo leaves are still commonly discarded as 
agricultural waste. 

Silica (SiO₂) is an important inorganic material widely 
applied in ceramics, glass, electronics, adsorbents, composites, 
and construction materials [5]. Nanosilica has attracted 
considerable attention due to its large surface area, high thermal 
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stability, and good mechanical properties [6]. Its applications 
include cement reinforcement, coatings, wastewater treatment, 
and biomedical materials [7], [8]. Silica extraction from bamboo 
leaves generally involves calcination followed by alkaline 
extraction using solvents such as sodium hydroxide (NaOH) or 
potassium hydroxide (KOH) to form soluble silicate compounds 
[9]. The silicate solution is then precipitated via the sol–gel 
process to produce silica gel, while hydrothermal treatment is 
used to improve the characteristics of nanosilica and the particle 
size distribution [10], [11]. 

Several studies on the synthesis of nanosilica from bamboo 
leaves have been conducted previously [4, 12]. However, despite 
the established effectiveness of silica extraction from biomass, 
most existing studies focus on optimizing extraction parameters 
for a single solvent, typically NaOH, or exploring specific 
hydrothermal/sol-gel variations in isolation. A significant 
knowledge gap remains regarding the comparative performance 
hierarchy of different alkaline reagents—namely NaOH, KOH, 
and Na₂CO₃—under standardized experimental conditions. While 
previous research, such as that by Hasri et al. [10], extensively 
explored the effect of hydrothermal temperature and time on 
nanosilica phase and size, they did not systematically evaluate the 
viability of weaker bases like Na₂CO₃ as an extraction medium. 
This study addresses this gap by performing a systematic 
comparative analysis of these three alkaline solvents. 
Furthermore, the introduction of Na₂CO₃ as an extraction solvent 
represents a deliberate exploration of a milder, potentially more 
cost-effective, and less caustic chemical pathway for nanosilica 
synthesis. Investigating the efficacy of Na₂CO₃ provides essential 
data on the trade-offs between extraction yields and the 
environmental/operational sustainability of the synthesis process, 
distinguishing this work from studies that rely exclusively on 
strong alkaline reagents. 

1.2. Literature Review 

Several studies on silica extraction and nanosilica synthesis from 
biomass materials have been conducted using various methods 
and process conditions. Previous research mainly focused on the 
utilization of bamboo leaves as silica sources, the application of 
sol–gel and hydrothermal methods, as well as the influence of 
alkaline solvents on silica extraction efficiency. In addition, 
characterization techniques such as XRF, XRD, and SEM-EDX, 
are commonly used to evaluate the properties of synthesized 
nanosilica. 

1.2.1. Silica Extraction from Bamboo Leaves 

Silica extraction from biomass materials has been widely 
studied due to its potential as a sustainable and low-cost silica 
source. Bamboo leaves are considered promising raw materials 
because of their relatively high silica content and abundant 
availability [14]. The extraction process generally begins with 
calcination to remove organic compounds, followed by alkaline 
extraction to convert silica into soluble silicate compounds [8]. 
Previous studies have shown that bamboo leaves can be utilized 
as silica precursors for nanosilica synthesis. Rangaraj and 
Venkatachalam successfully synthesized amorphous nanosilica 
from bamboo leaves with silica purity reaching 99.1% and 
particle sizes ranging from 10–60 nm [4]. In addition, Gautam et 
al. reported successful silica extraction from bamboo leaves using 
alkaline extraction methods [3]. 

1.2.2. Sol–Gel and Hydrothermal Methods 

The sol–gel method is one of the most commonly used methods 
for nanosilica synthesis because it can produce homogeneous 
silica particles with controlled morphology [10]. During the sol–
gel process, silicate solution undergoes hydrolysis and 
condensation reactions to form silica gel. Rahmawati and 
Handayani synthesized nanosilica from rice husk ash using the 
sol–gel method and reported that pH variation significantly 
affected nanosilica formation [15]. Similarly, Prince and 
Selvakumar reported the successful synthesis of nanosilica from 
rice husk ash using the sol–gel method [16]. Hydrothermal 
synthesis is also widely utilized to improve nanosilica 
characteristics and particle size distribution. Hasri et al. 
synthesized nanosilica from bamboo leaves using the 
hydrothermal method and obtained nanosilica particles with sizes 
reaching nanoscale dimensions [10]. Hydrothermal treatment 
enhances particle uniformity and improves silica dispersion 
during synthesis. 

1.2.3. Effect of Alkaline Solvents on Silica Extraction 

Alkaline extraction plays an important role in silica recovery 
because hydroxide ions react with silica to form soluble silicate 
compounds [8]. The type and concentration of the alkaline 
solvent significantly affect the efficiency of silica dissolution and 
the characteristics of nanosilica. Hamawi et al. investigated silica 
synthesis from bamboo leaves using sodium and potassium 
alkaline solvents through hydrothermal sol–gel methods [11]. 
Their study showed that NaOH produced better silica extraction 
performance than KOH due to its stronger alkaline reactivity. 
Gautam et al. also reported successful silica extraction from 
bamboo leaves using alkaline extraction methods [3]. In addition, 
Prince and Selvakumar reported that solvent concentration 
significantly affected silica characteristics synthesized through 
the sol–gel method [16]. However, research on the use of alkaline 
solvents, such as Na₂CO₃, for extracting silica from bamboo 
leaves remains very limited and has not been reported in previous 
studies. Therefore, further investigation regarding the influence 
of different alkaline solvents and concentrations is required to 
optimize nanosilica synthesis from bamboo leaf ash. 
Consequently, the limitations in existing literature regarding the 
comparative efficacy of Na₂CO₃ necessitate this study. By 
evaluating these distinct alkaline reagents under controlled 
conditions, this research fills the critical void in understanding the 
solvent-dependency of silica yield and purity 

1.3. Research Objective 

This research aims to obtain the best nanosilica from young 
bamboo leaf ash through variation of alkaline solvents, namely 
NaOH, KOH, and Na₂CO₃, based on silica characteristics and 
extraction results. 
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2. MATERIALS AND METHODS 

 
Figure 1. Series Of Extraction Tools 

 

Figure 2. Schematic of the extraction and synthesis process of 
nanosilica from young bamboo leaf ash using the sol–gel 

method. 
 

Young bamboo leaves obtained from the breeding garden 
area in Tulungagung Village, Baureno District, Bojonegoro 
Regency, East Java, Indonesia, were used as the raw material in 
this study. The chemicals used were NaOH 99%, KOH 90%, and 
Na₂CO₃ 98%, HCl 32%, and distilled water. The bamboo leaves 
were cleaned using 1 N HCl, rinsed with distilled water, dried at 
100°C for 1 h, and calcined at 700°C for 4 h to produce bamboo 
leaf ash. The ash was ground and sieved using a 100-mesh sieve. 
Extraction was carried out using 10 g of bamboo leaf ash mixed 
with 100 mL of alkaline solvent (NaOH, KOH, and Na₂CO₃) at 
concentrations of 1N, 1.5N, 2N, 2.5N, and 3N. The solvent 
concentrations were strategically selected within the range of 1 N 
to 3 N to optimize the extraction efficiency. At concentrations 
below 1 N [20, 21], the ions' kinetic energy is insufficient to 
effectively cleave the rigid siloxane bonds in the ash matrix. 
Conversely, deploying concentrations exceeding 3 N results in an 
oversaturated, highly viscous medium [22, 23], which 
substantially impedes mass transfer and lowers overall extraction 
yields. The extraction process was conducted at 85°C for 3 h with 
a stirring speed of 200 rpm. The filtrate obtained after filtration 
was treated hydrothermally at 120°C for 6 h. The temperature of 
120°C was selected based on previous studies reporting that this 
condition effectively promotes silica nucleation and particle 
growth while preventing undesirable crystalline phase 
transformations that occur at higher temperatures [10]. 
Subsequently, the solution was titrated with 1 N HCl to pH 7 to 
precipitate the silica gel, which was then dried at 110°C to yield 
nanosilica powder. The synthesized nanosilica was characterized 
using X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD), and 
Scanning Electron Microscope-Energy Dispersive X-Ray (SEM-
EDX). Furthermore, the percentage yield was calculated as the 
ratio of the actual recovered mass to the theoretical silica mass in 
the ash, as given by Equation (1). Due to the exploratory nature 
of this study, each experimental condition was conducted as a 
single run (n = 1). Consequently, replicate measurements and 

statistical significance testing were not performed. The presented 
yield data are intended to provide preliminary empirical baselines 
for comparative trends across solvent types rather than 
statistically validated conclusions. 

𝑌𝑖𝑒𝑙𝑑 (%)  =  
ௐೌ೎೟ೠೌ೗

ௐ೟೓೐೚ೝ೐೟೔೎ೌ೗
×  100%                  (1) 

Where Wactual is the final dry weight of the obtained 
nanosilica (grams), and Wtheoretical represents the theoretical mass 
of silica calculated from the initial composition of the young 
bamboo leaf ash precursor (grams). 

3. RESULT AND DISCUSSION 

3.1. XRF Analysis of Young Bamboo Leaf Ash Raw 
Materials 

Characterization of the raw material composition was carried out 
as an initial step in the research to determine the chemical content 
and ensure its suitability for the SiO₂ synthesis process. Each raw 
material used has different characteristics, including Young 
Bamboo Leaf Ash, Sodium Hydroxide (NaOH) Solution, 
Potassium Hydroxide (KOH) Solution, and Sodium Carbonate 
(Na₂CO₃) Solution. These differences can significantly affect the 
extraction process and the quality of the silica produced. 
Therefore, an initial compositional analysis was conducted 
specifically on the primary precursor, young bamboo leaf ash. 
The results of this raw material composition analysis are 
presented in Table 1. 

 
Table 1. Oxide Composition of Young Bamboo Leaf Ash Using  

 X-Ray Fluorescence (XRF) Testing 
Component Content 

(%) 
SiO2 68.6 

P2O5 4.63 
SO3 0.91 
K2O 9.07 

CaO 10.6 
MnO 0.057 
Fe2O3 0.849 

NiO 0.010 
CuO 0.040 
ZnO 0.024 
SrO 0.093 

MoO3 5.1 
  

Based on previous research reports, young bamboo leaf ash 
has a fairly high silica (SiO₂) content, ranging from 75.90% to 
82.86% [3], accompanied by other oxide compounds in smaller 
amounts. Similar results were also reported by Hamawi et al. who 
found a silica content of 55.4% in young bamboo leaf ash [11]. 
These findings indicate that young bamboo leaf ash is a biomass 
with potential as a natural silica source. In this study, XRF 
analysis showed a SiO₂ content of 68.6%, which is still within the 
range of values reported by previous studies. The agreement of 
these results confirms that young bamboo leaf ash has a dominant 
silica content and is suitable for use as a raw material in the silica 
extraction process. 

In addition to silica as the main component, XRF analysis 
also identified the presence of several other oxides, namely P₂O₅, 
K₂O, CaO, Fe₂O₃, MnO, NiO, CuO, ZnO, SrO, and MoO₃. 
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However, most of these compounds are present in relatively 
lower amounts compared to SiO₂. The high silica content in 
young bamboo leaf ash indicates that this material has good 
potential as a silica source for the synthesis of silica-based 
materials. Meanwhile, the presence of minor oxides is not 
expected to significantly affect the extraction process, as their 
concentrations are relatively low compared to the SiO₂ content.  

The Effect of Solvent Concentration on The Percentage Yield 
 

Table 2. Percent Yield Analysis in Silica Synthesis 

  
The extraction reaction results indicate that the silica content 

in young bamboo leaf ash can react with alkaline solvents to form 
silicate compounds that dissolve in the extract solution. The 
resulting silicate solution is then processed through hydrothermal 
and sol-gel stages to produce solid silica material. The variation 
in the type of alkaline solvent used is thought to influence the 
silica dissolving ability, silicate compound formation, and the 
characteristics of the resulting silica product. 

 

 
Figure 3. The Effect of Solvent Variations on The Percentage  

Yield. Each data point represents a single measurement 
 
The concentration of the alkali solvent significantly 

influences the silica yield from young bamboo leaf ash. Each 
solvent type exhibits a different yield change pattern. This 
difference is influenced by the ability of each solvent to dissolve 

SiO₂ compounds into soluble silicates. In general, increasing 
solvent concentration causes the yield percentage to increase until 
it reaches optimum conditions. However, at higher 
concentrations, the yield decreases again due to the reduced 
effectiveness of the extraction process. 

In Sodium Hydroxide (NaOH) solvent, the yield value 
increased with increasing concentration from 1 N until it reached 
an optimum condition at a concentration of 1.5 N with a yield of 
around 95%. This increase in yield indicates that increasing the 
NaOH concentration can increase the dissolution of silica from 
young bamboo leaf ash. NaOH as a strong base produces large 
amounts of OH⁻ ions that can break the siloxane (Si–O–Si) bonds 
in silica, resulting in the formation of sodium silicate (Na₂SiO₃) 
which is soluble in solution [17]. However, at concentrations 
above 1.5 N, namely 2 N, 2.5 N, and 3 N, the yield value 
decreased. This condition is thought to be caused by increasing 
solution viscosity and the possible formation of impurities or side 
reactions that inhibit the silica precipitation process. The results 
of this study indicate that a concentration of 1.5 N is the optimum 
condition for silica extraction using NaOH. This finding is in line 
with research conducted by Park et al. (2021), which reported that 
NaOH produces higher silica extraction efficiency than KOH and 
has a certain optimum concentration [18]. In addition, Bai et al. 
(2026) also stated that the use of NaOH can increase the 
dissolution of SiO₂, resulting in a higher silica yield compared to 
other basic solvents [19]. 

 In potassium hydroxide (KOH) solvent, the yield value 
increased until it reached an optimum condition at a concentration 
of 1.5 N with a yield of around 73%, then decreased at higher 
concentrations. The increase in yield indicates that KOH is able 
to dissolve silica through the formation of soluble potassium 
silicate in solution. However, the resulting yield is lower than 
NaOH, which is thought to be due to the lower stability of 
potassium silicate compared to sodium silicate. The decrease in 
yield after the optimum concentration is likely due to solution 
saturation and decreased efficiency of the silica precipitation 
process. These results are consistent with research by Hanum 
(2022) who reported that NaOH produces higher silica extraction 
efficiency than KOH [20]. In addition, Agung et al. (2013) 
showed that increasing the KOH concentration only increases the 
yield up to a certain optimum condition, after which the yield 
tends to decrease due to reduced effectiveness of the extraction 
process [21]. Therefore, although KOH is able to dissolve silica 
effectively, the formation of sodium silicate is more effective than 
potassium silicate, so that extraction using NaOH results in higher 
silica yields. 

In Na₂CO₃ solvent, the yield value obtained was lower than 
that of NaOH and KOH. The yield increased until it reached an 
optimum condition at a concentration of 2 N, then decreased at 
higher concentrations. The low yield indicates that the ability of 
Na₂CO₃ to dissolve silica is more limited because its basic 
properties are weaker than alkali hydroxides. As a result, breaking 
the Si–O–Si bond and forming sodium silicate are less effective. 
In addition, the presence of carbonate ions can cause the silica 
dissolution process to proceed slower than using NaOH and 
KOH. These results are in line with the research of Ningsih et al. 
(2023) who reported that the synthesis of sodium silicate using 
Na₂CO₃ requires higher reaction conditions because its reactivity 
towards SiO₂ is relatively low [22]. Similar findings were 
reported by Alam et al. (2019), who showed that using Na₂CO₃ 

Type of 

Solvent 

Theoretical 

Mass  

(gr) 

Solvent 

Concentration 

(N) 

Actual 

Weight 

(gr) 

% 

Yield 

(%) 

 

Sodium 

Hydroxide 

(NaOH) 

 

 

13.9514 

1 9.54 68.38 

1.5 13.17 94.40 

2 11.2 80.28 

2.5 8.09 57.99 

3 5.85 41.93 

 

Potassium 

Hydroxide 

(KOH) 

 

 

17.6342 

1 6.66 37.77 

1.5 12.8 72.59 

2 9.45 53.59 

2.5 7.23 41.00 

3 5.6 31.76 

 

Sodium 

Carbonate 

(Na₂CO₃) 

 

 

13.9514 

1 2.14 15.34 

1.5 2.89 20.71 

2 3.47 24.87 

2.5 2.32 16.63 

3 1.68 12.04 
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led to a lower silica dissolution rate than using a strong base, 
resulting in a smaller silica yield [23]. 

Regarding the extraction yield analysis, all data were 
obtained from a single experimental run (n = 1) without 
replication. Consequently, standard deviations, error bars, and 
ANOVA-based significance testing could not be derived. 
However, while these observed yield differences across solvent 
types and concentrations serve as preliminary empirical trends 
rather than statistically validated optima, they remain highly 
consistent with previously reported extraction behaviors [20, 21, 
22, 23]. Future optimization studies will systematically 
incorporate multi-replicate statistical designs to rigorously 
confirm the significance of solvent effects on nanosilica yield. 

3.2. Characterization of the Composition of Oxide 
Elements from The Extraction of Young Bamboo 
Leaf Ash Based on X-Ray Fluorescence (XRF) 
Analysis 

Table 3. Composition of SiO2 Oxide in Sodium Hydroxide 
(NaOH) Solvent using X-Ray Fluorescence (XRF) Testing 

 
 
 
 
 
 
 

The XRF characterization results showed that the silica 
extracted using NaOH solvent had a SiO₂ content of 62.059% as 
the dominant component. These results indicate that NaOH is 
able to dissolve silica from bamboo leaf ash and form sodium 
silicate which is then precipitated into silica. In addition to SiO₂, 
several other components were detected, namely Cl at 30.850%, 
K₂O at 5.737%, SO₃ at 1.277%, and P₂O₅ at 0.016%. The presence 
of K₂O, SO₃, and P₂O₅ is related to the natural mineral content 
found in bamboo biomass. Conversely, the extraordinarily high 
Cl content (30.850%) is directly attributed to the absence of a 
washing step following the gelation process. Consequently, the 
massive salt precipitates (such as NaCl) formed during the 
neutralization of the alkaline silicate solution with HCl were 
entirely retained and trapped within the silica matrix during the 
drying phase. Nevertheless, SiO₂ remains the dominant 
component in the resulting product. These results are in line with 
the research of Steven et al. (2023) reported that bamboo leaf ash 
has a high silica content, which is around 95.35% and can 
increase to 96.06% after acid washing treatment [24]. In addition, 
research by Gautam et al. (2024) showed that bamboo leaf ash 
contains 79.28% silica and the use of NaOH in the extraction 
process can improve the quality and yield of the resulting silica 
[3].  

The difference in SiO₂ content observed in this study 
compared with previous studies may be influenced by the type of 
bamboo, ash combustion conditions, solvent concentration, 
extraction conditions, and the washing and precipitation 
processes used. Therefore, the SiO₂ content of 62.059% obtained 
in this study still indicates successful silica extraction from 
bamboo leaf ash using NaOH as the solvent. However, the 
substantial residual NaCl content limits the direct application of 
this unwashed silica. High salinity is detrimental to agricultural 
fertilizers due to induced osmotic stress [11], while excessive 
chloride in concrete admixtures strictly prohibits its use as it 

accelerates steel reinforcement corrosion [7]. Furthermore, salt 
precipitates physically block the silica mesoporous network, 
significantly reducing its active surface area and adsorption 
efficiency [13]. Therefore, a rigorous hot-water washing protocol 
is mandatory prior to application to dissolve the halite phases and 
restore the silica's high purity. 

3.3. Product Characterization Analysis with X-Ray 
Diffraction (XRD) Test 

 
Figure 4. X-Ray Diffraction (XRD) Characterization Results on 

SiO2 using Sodium Hydroxide (NaOH) solvent 
 

The XRD characterization was conducted to determine the 
crystal structure of silica extracted from young bamboo leaves.  
The implementation of hydrothermal treatment at 120°C for 6 h 
served a critical role in determining these structural outcomes. 
Under autogenous pressure, the thermal energy accelerates the 
polycondensation of isolated silanol groups into a dense, highly 
cross-linked siloxane network, significantly improving the 
structural homogeneity of the silica matrix. Furthermore, 
operating precisely at this thermal threshold acts as a kinetic 
regulator. It provides sufficient energy for nucleation but strictly 
restricts the excessive crystal growth and massive aggregation 
that typically manifest at higher temperatures (>150°C), thereby 
contributing to the preservation of the primary nanoscale 
dimensions. Crucially, this specific temperature prevents the 
unwanted transformation of silica into stable, highly crystalline 
phases [10, 25].  

 Confirming this mechanism, the diffractogram showed 
a broad peak at 2θ around 20–30°, indicating the presence of 
amorphous silica. This result is consistent with previous studies 
reporting that silica synthesized from bamboo leaves using the 
sol–gel method exhibited an amorphous phase with a 
characteristic broad peak at 2θ = 21–23° [25]. In addition, several 
sharp peaks appeared at 2θ around 31.6°, 45.4°, 56.5°, 66.2°, and 
75.3°, indicating the presence of crystalline phases. This result 
differs from the study by Hasri et al. [10], which reported the 
formation of cristobalite, quartz, and coesite phases in 
hydrothermally synthesized nanosilica from bamboo leaves. 
Correlating these findings directly with the high Chlorine content 
detected in the XRF analysis, these intense reflections perfectly 
match the standard diffraction pattern of the Halite (NaCl) 
crystalline phase (JCPDS Card No. 05-0628). This definitively 
confirms the massive presence of unwashed salt byproducts 
resulting from the neutralization reaction between the alkaline 
extraction solvent and the acid precipitation agent, indicating that 
the synthesized silica possessed a mixed amorphous–crystalline 
structure [26]. 

Component Content (%) 
SiO2 62.059 
P2O5 0.016 
SO3 1.277 
Cl 30.850 

K2O 5.737 
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3.4. Characterization Analysis of Product Results 
Using Scanning Electron Microscope-Energy 
Dispersive X-Ray (SEM-EDX) Tests 

 

 (a)   (b) 
Figure 5. Characterization of silica samples: (a) SEM image at  

 15,000× magnification and (b) EDX spectrum showing  
 the elemental composition of the sample. 
 

SEM characterization results showed that silica extracted 
using NaOH had an irregular particle morphology and formed 
agglomerates. This morphology is a general characteristic of 
silica precipitated from sodium silicate solutions, in which silica 
particles undergo condensation and aggregation during gelation. 
These results are in line with the research of Katoueizadeh et al. 
(2023), who reported that silica synthesized from sodium silicate 
generally has an aggregate structure with non-uniform particle 
shapes [27]. EDX analysis showed the dominance of silicon (Si) 
and oxygen (O), confirming the formation of the SiO₂ phase as 
the material's main component. In addition, the presence of other 
elements in relatively low amounts is a common characteristic of 
biomass-based silica, due to natural mineral content and residues 
from the synthesis process. The dominance of Si and O elements 
in the EDX results indicates that the extraction method using 
NaOH is effective in producing silica from young bamboo leaf 
ash [28]. 

3.5. Scanning Electron Microscope-Energy 
Dispersive X-Ray (SEM-EDX) Size 
Characterization Results 

 
Figure 6. Dimensional Characterization Results Using a  

Scanning Electron Microscope-Energy Dispersive X- 
Ray (SEM-EDX) 

 
Based on SEM observations, the extracted silica exhibits an 

irregular morphology with particle sizes ranging from 206.5–
563.7 nm. Although these dimensions exceed the strict nanoscale 
threshold (<100 nm), they represent secondary agglomerates 
rather than primary individual nanoparticles. This massive 
agglomeration is inherent to the sol-gel dehydration phase; 
thermal drying at 110°C causes rapid water evaporation, inducing 

strong capillary forces. Combined with the high surface energy of 
primary nanoparticles, the particles fuse into larger micro-clusters 
to minimize surface free energy [6, 9]. The size variance 
compared to Rangaraj and Venkatachalam [4] (10–60 nm) is 
primarily attributed to differences in bamboo species, calcination, 
and extraction kinetics. While retaining the chemical identity of 
nanosilica, these larger clusters may reduce specific surface area, 
potentially impacting high-reactivity applications. Nevertheless, 
the product maintains its nanoscale identity at the primary level. 
These findings align with Dirna et al. (2020) who reported 
agglomerated bamboo leaf nanosilica sized 234.49–851.36 nm 
[29], and Olawale (2020) who observed agglomerated colloidal 
spheres [2]. This morphological agreement indicates the NaOH 
extraction successfully produced nanosilica comparable to 
previously reported biomass-based silica. 

While XRF, XRD, and SEM-EDX successfully confirmed 
the elemental composition, structure, and morphology of the 
synthesized silica, additional characterization methods are 
recommended for a comprehensive material evaluation. Future 
studies should incorporate Fourier Transform Infrared 
Spectroscopy (FTIR) to confirm the presence of amorphous silica 
functional groups, particularly Si–O–Si (~1080 and ~470 cm⁻¹) 
and Si–OH (~960 cm⁻¹) vibrations [4, 30]. Brunauer-Emmett-
Teller (BET) analysis is necessary to quantify the specific surface 
area and pore size distribution, which typically range from 56 to 
428 m²/g for bamboo-derived nanosilica [4, 30], to evaluate its 
suitability for adsorption and catalysis. Furthermore, Dynamic 
Light Scattering (DLS) would provide a statistically reliable 
hydrodynamic particle size distribution to complement SEM 
aggregate data, while Zeta potential measurements would 
characterize surface charge and colloidal stability in liquid media 
[31]. These analyses will establish a complete physicochemical 
profile for targeted applications. 

4. CONCLUSION 

Nanosilica was successfully synthesized from young bamboo leaf 
ash using alkaline extraction combined with hydrothermal and 
sol-gel methods. Solvent type and concentration significantly 
affected the extraction yield. Specifically, 1.5 N NaOH 
demonstrated the best performance, yielding 94.40%, thereby 
outperforming KOH (72.59%) and Na₂CO₃ (24.87%). XRF 
analysis confirmed SiO₂ content of 68.6% in the raw ash and 
62.059% in the extracted product. XRD indicated a 
predominantly amorphous structure with a minor crystalline 
phase. Furthermore, SEM-EDX revealed an agglomerated, 
irregular morphology dominated by Si and O, with aggregate 
sizes ranging from 206.5 to 563.7 nm. Ultimately, 1.5 N NaOH 
represents the optimal solvent condition for extracting high-yield 
nanosilica from young bamboo leaf ash. 
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