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Abstract 
Rice husk, an abundant agricultural waste in Indonesia, is a promising source of silica. This study investigates the 
synthesis of silica gel from rice husks using chemical precipitation and its potential for removing copper ions (Cu²⁺) 
from wastewater. The silica gel was synthesized by dissolving rice husk ash in a 2 N NaOH solution, followed by 
precipitation with 1 N HCl. Adsorption experiments were conducted using CuSO₄ solutions at concentrations of 3, 6, 
and 9 ppm, with varying adsorbent masses (0.3, 0.6, and 0.9 g). The results demonstrated that increasing the 
adsorbent mass improved Cu²⁺ removal efficiency, with the highest efficiency observed at 0.9 g for the 3 ppm solution, 
achieving 86.43%. Adsorption isotherms were analyzed using the Langmuir and Freundlich models. The Freundlich 
model provided a better fit for the data, indicating the heterogeneous nature of the silica gel surface. This study 
highlights the potential of rice husk-derived silica gel as an effective adsorbent for heavy metal removal, contributing 
to both waste valorization and environmental protection. 
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INTRODUCTION 

Rice husk, one of the most abundant agricultural biomass wastes in Indonesia, is a 
byproduct of the country’s high rice production. Due to its vast availability, rice husk presents 
significant potential for more optimal utilization as a value-added raw material [1]. Chemically, 
rice husks are composed of cellulose, lignin, and silica, with amorphous silica content ranging 
from 15 to 20%. This composition makes rice husk a promising source of natural silica [2]. 
However, despite its potential, the utilization of rice husk remains limited. Most are either burned 
or discarded without proper management, leading to environmental concerns. Several studies 
have explored methods to enhance the value of rice husks, such as converting them into silica gel. 
Silica gel is a porous material with a high surface area, good chemical stability, and excellent 
adsorption capacity, making it widely used in various purification and wastewater treatment 
applications [3]. The synthesis of silica gel from biomass, including rice husk, has gained 
attention, particularly through chemical precipitation methods, where silica is precipitated from 
a silicate solution using reagents to form a gel structure [4]. This method offers several 
advantages: it is relatively simple and enables the production of high-quality silica gel from 
biomass-based waste, such as rice husk ash [5]. Previous research has focused on synthesizing 
silica gel from various waste materials, but limited attention has been given to the specific 
potential of rice husk as a silica gel precursor and its application in wastewater treatment. 

Heavy metal contamination, particularly copper (Cu²⁺), in aquatic environments remains a 
significant concern due to its harmful effects on human health and ecosystems. Copper is 
commonly found in industrial wastewater from processes such as electroplating, metal refining, 
and textile production [6]. At high concentrations, Cu²⁺ ions are toxic and can cause organ 
damage, metabolic disorders, and bioaccumulation in aquatic organisms, potentially disrupting 
the food chain [7]. The Regulation of the Minister of Environment and Forestry of the Republic 
of Indonesia Number 5 of 2014 on Industrial Wastewater Quality Standards sets the maximum 
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allowable concentration of copper in industrial effluent at 3 mg/L, which underscores the need 
for effective treatment methods to reduce Cu²⁺ concentrations to meet environmental quality 
standards. 

Adsorption is widely regarded as one of the most cost-effective and efficient methods for 
wastewater treatment. A variety of biomass-based adsorbents, such as cellulose, activated carbon, 
and silica, have been extensively studied for the removal of heavy metals [8]. Silica gel, in 
particular, has shown great promise for Cu²⁺ ion adsorption due to its highly porous structure 
and chemical stability [9]. However, previous studies focusing on the use of rice husk-based silica 
gel synthesized via chemical precipitation, and investigating the effect of adsorbent mass on Cu²⁺ 
adsorption efficiency and capacity, remain scarce. For instance, while studies have explored the 
synthesis of silica from rice husk, few have systematically examined its application in heavy metal 
ion removal, especially in relation to mass variations of the adsorbent [10]. This research aims to 
fill this gap by investigating the synthesis of silica gel from rice husks via chemical precipitation 
and evaluating the impact of adsorbent mass on the efficiency of Cu²⁺ ion removal. By addressing 
this gap, this study provides valuable insights into optimizing the use of rice husk-derived silica 
gel for heavy metal removal, contributing to both waste valorization and environmental 
protection. 

 
METHOD 

 
Materials 

The main material used in this study was rice husk, which served as the silica source. A 2 N 
NaOH solution and a 1 N HCl solution were used as reagents for the silica dissolution and 
precipitation processes, respectively. Additionally, CuSO₄ solutions with concentrations of 3, 6, and 
9 ppm were prepared as the adsorption test solutions. Distilled water was used as a solvent and for 
washing all materials and reagents involved in the preparation process. 

 
Equipment 

The equipment used in this study included a furnace at 700oC, a hot plate magnetic stirrer, 
an analytical balance, a ball-filler, glass bottles, burettes, porcelain dishes, glass funnels, 250 mL 
Erlenmeyer flasks, watch glasses, 100 mL and 200 mL beakers, a digital pH meter, filter paper, 
porcelain crucibles, 100 mL volumetric flasks with stoppers, a magnetic stirrer, trays, crucible 
tongs, 5 mL and 10 mL measuring pipettes, dropper pipettes, and spatulas. The Cu²⁺ ion content 
in the solutions was analyzed using an Atomic Absorption Spectrophotometer (AAS). 

 
Procedure 

The study began with the preparation of rice husks, which were cleaned from impurities and 
then dried in an oven at 105 °C. The dried husks were subsequently burned in a furnace at 700 °C 
for 3 hours to produce grayish ash. The ash was cooled to room temperature and manually ground 
using a mortar and pestle. This grinding process aimed to obtain a finer and more uniform texture 
while preserving the initial particle characteristics, as no sieving was performed. The next step was 
silica extraction by dissolving the rice husk ash in a 2 N NaOH solution. A volume of 200 mL of 2 
N NaOH solution was used for this process. The mixture was heated to 80°C while stirring 
continuously on a hot plate stirrer for 2 hours until a sodium silicate solution was formed. The 
resulting solution was then filtered using filter paper to separate insoluble residues. The sodium 
silicate filtrate underwent precipitation by the slow addition of 1 N HCl until a neutral pH was 
reached. This process yielded a silica gel precipitate, which was allowed to settle completely before 
washing. The precipitate was repeatedly washed with distilled water until free of ionic impurities. 
The purified silica gel was then dried in an oven at 120 °C to remove residual moisture. After drying, 
the silica gel was re-ground using a mortar and pestle to obtain a powdered form. The resulting 
powder was used as the adsorbent for the adsorption experiments. Manual homogenization of 
particle size was performed to maintain consistent particle characteristics, ensuring the adsorbent 
was ready for use [11]. 

Adsorption experiments were conducted using CuSO₄ solutions with concentrations of 3, 
6, and 9 ppm, prepared separately. Each solution was mixed with silica gel adsorbent masses of 
0.3, 0.6, and 0.9 g according to the experimental variations. To assess the relative effectiveness of 
the silica gel adsorbent, a control experiment was also conducted using a commercial silica 
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adsorbent and a blank solution with no adsorbent. The mixtures were stirred for a predetermined 
contact time to ensure optimal interaction between the metal ions and the adsorbent surface. After 
adsorption, the mixtures were filtered to obtain the filtrates, which were analyzed using Atomic 
Absorption Spectrophotometry (AAS) to determine the remaining Cu²⁺ ion concentrations [12]. 
The results from the silica gel adsorbent were compared to those from the commercial silica 
adsorbent and the blank to evaluate the relative effectiveness of the silica gel. The Cu²⁺ 
concentration data from AAS analysis were used to calculate the adsorption capacity of silica gel 
for copper ions. Adsorption capacity was determined based on the difference between initial and 
final ion concentrations in the solution. These values served as the basis for evaluating the 
effectiveness of the adsorbent under different concentration and adsorbent mass conditions. The 
results were then integrated with operational parameters to assess the adsorbent performance, 
providing quantitative information on the potential of rice husk silica gel as a Cu²⁺ ion adsorbent 
[13]. 

Analysis 
The equilibrium concentration of Cu²⁺ ions after the adsorption process (Cₑ) for each initial 

concentration was determined using Atomic Absorption Spectrophotometry (AAS). The 
adsorption capacity at equilibrium (Q) and removal efficiency (%E) were calculated using the 
following equations: Adsorption capacity [14]: 

𝑄 = (
𝐶0− 𝐶𝑒

𝑚
 )  × 𝑉      (1) 

Removal efficiency:  

% 𝐸 = (
𝐶0− 𝐶𝑒

𝐶0
 )  × 100%     (2) 

Where: 
Q  : Adsorption capacity (mg/g) 
𝐶0  : Initial concentration (mg/L) 
𝐶𝑒  : Equilibrium concentration (mg/L) 
V  : Solution volume (L) 
m  : Adsorbent mass (g) 
% 𝐸  : Removal efficiency 

The Langmuir and Freundlich isotherm models were linearized to evaluate adsorption 
equilibrium and determine isotherm constants. The Langmuir model is expressed as follows: 

𝑞𝑒 = 𝑞𝑚. 𝐾𝐿  
𝐶𝑒

1 +𝐾𝐿∙ 𝐶𝑒
         (3) 

The linear form of the Langmuir equation is: 
𝐶𝑒

𝑞𝑒
=  

1

𝑞𝑚.𝐾𝐿
+

𝐶𝑒

𝑞𝑚
       (4) 

Where: 
𝑞𝑚 : Langmuir adsorption capacity (mg/g) 
𝐾𝐿  : Langmuir adsorption constant (L/mg) 
The Freundlich isotherm model is given by: 

𝑞𝑒 =  𝐾𝐹 ∙ 𝐶𝑒
1/2

        (5) 
  
Its linearized form is: 

log 𝑞𝑒 = log 𝐾𝐹 + 1
2⁄ 𝑙𝑜𝑔 𝐶𝑒      (6) 

Where : 
qe : Freundlich adsorption capacity (mg/g) 
𝐶𝑒 : Equilibrium solute concentration (mg/L) 
𝐾𝐹 : Freundlich adsorption capacity constant 
n : Adsorption intensity 

 
RESULTS AND DISCUSSION 

 
 Silica Gel Yield 

  The yield of silica gel was determined based on the ratio between the initial mass of rice husks 
and the mass of silica gel obtained. Yield determination plays an important role in evaluating the 
efficiency of the silica extraction process. The calculated silica gel yield data obtained in this study 
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are presented in the following tables and figures to illustrate the trend of increase for each variation 
in rice husk mass. 
 

Table 1. Silica Gel Yield 

Rice Husk Mass (g) Silica Gel Mass 
(g) 

Yield  
 

3,02 1,98 0,66 
6,03 4,64 0,77 
9,02 7,15 0,79 

 

                    
   Figure 1. Silica Gel Yield Graph 

Based on Table and Figure 1, the mass of rice husks plays a crucial role in the formation of 
silica gel. Variations in rice husk mass provide an insight into the capability of the extraction 
method to produce silica gel from different amounts of raw material. As the mass of rice husks 
increases, the resulting silica gel yield tends to rise. The use of 3.02 g of rice husks produced 1.98 g 
of silica gel, corresponding to a yield of 0.66 g/g. When the rice husk mass was increased to 6.03 g, 
the yield rose to 0.77 g/g. At 9.02 g of rice husks, the yield reached the highest value of 0.79 g/g. 
This increase in yield indicates that a larger amount of raw material provides more amorphous 
silica available for extraction during the dissolution and precipitation processes [14]. The 
phenomenon aligns with the findings of Carneiro et al. (2025), which reported that rice husks 
contain 15–20% silica; therefore, using a greater biomass amount increases the potential 
amorphous silica extractable in the dissolution and precipitation stages. Furthermore, the 
efficiency of the chemical precipitation process also affects the yield. A higher rice husk mass 
produces a larger volume of sodium silicate solution, enabling the gelation process to form a greater 
quantity of silica gel precipitate [1]. 

 
Copper Adsorption Capacity 

 
The adsorption capacity of copper ions was tested using adsorbent masses of 0.3, 0.6, and 

0.9 g. Based on the analysis of copper adsorption capacity at various concentrations, the results 
are shown as follows: 

Table 1. Copper Adsorption Capacity 

Adsorbent Mass (g) Copper Adsorption Capacity at Different 
Concentrations (mg/g) 

3 6 9 
0,3 0,16 0,38 1,16 
0,6 0,13 0,24 0,58 
0,9 0,15 0,20 0,42 
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Figure 2. Copper Adsorption Capacity 
 

Based on the analysis of Table and Figure 2, it can be observed that the adsorbent mass affects 
the adsorption capacity. As the adsorbent mass increases, the adsorption capacity per unit mass 
tends to decrease. This is due to the reduction in the number of ions adsorbed per unit mass of 
adsorbent [15]. Bourliva et al. (2025) stated that this phenomenon results from the adsorbent 
overdose effect, where the number of available active sites exceeds the number of metal ions in 
the solution, as well as possible agglomeration of adsorbent particles, which reduces the effective 
surface area and accessibility of active sites [16]. 

 

Silica Removal Efficiency for Copper Ions 

The variation in adsorbent mass was used to determine the mass that achieved the highest 

Cu removal. The highest percentage of Cu removal indicates the most suitable adsorbent mass for 
the adsorption process in this study using rice husk silica gel. The adsorbent masses tested were 

0.3, 0.6, and 0.9 g with CuSO₄ solution concentrations of 3, 6, and 9 ppm. The results of the silica 

removal efficiency for Cu ions are presented in the following table: 

 
Table 2. Silica Removal Efficiency for Copper Ions 

Adsorbent Mass (g) Cu Removal Efficiency (%) at Different 
Concentrations 

3 6 9 
0,3 30,98 41,31 61,18 
0,6 47,88 52,61 61,52 
0,9 86,43 66,51 67,81 
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Figure 3. Adsorption Efficiency of Silica Gel toward Cu²⁺ Ions 

Based on the data presented in Table and Figure 3, it is evident that increasing the adsorbent 
mass results in a gradual increase in the percentage of Cu removal. However, an anomaly occurs at 
an adsorbent mass of 0.9 g, where the efficiency at 3 ppm exceeds the expected trend and reaches 
86.43%, which is higher than the 67.81% observed at 9 ppm. This increase in efficiency at lower 
concentrations can be attributed to the higher available surface area of the adsorbent at a higher 
mass, which facilitates more interaction sites for Cu²⁺ ions [16]. As the adsorbent mass increases, 
more active sites become available for adsorption. At higher concentrations of Cu²⁺, such as 9 ppm, 
the efficiency does not increase linearly, which suggests the potential limitation of active sites. At 
higher adsorbate concentrations, the active sites on the adsorbent may become saturated, leading 
to a reduction in adsorption efficiency. This phenomenon occurs due to the competitive nature of 
the adsorption process, where Cu²⁺ ions at high concentrations may compete for limited active sites 
on the adsorbent surface [17].Thus, while the adsorbent mass has a significant effect on Cu removal 
efficiency, the adsorbent/adsorbate ratio plays a critical role in determining the effectiveness of the 
adsorption process. At higher concentrations, the limited number of active sites can hinder further 
increases in adsorption efficiency, highlighting the need for optimized adsorbent mass in relation 
to the concentration of the contaminant. The increase in adsorbent mass results in a larger surface 
area, allowing more adsorbate to be adsorbed [18]. Thus, as the adsorbent mass increases, the silica 
removal efficiency for Cu ions also rises. This occurs because a higher adsorbent mass corresponds 
to an increased number of particles and a larger surface area, thereby increasing the number of 
active sites available for ion binding and enhancing removal efficiency [19]. 

Adsorption Isotherm Models 
Adsorption isotherm models are used to determine the adsorption capacity of an adsorbent 

toward an adsorbate. Adsorption isotherms provide equilibrium equations that describe the ability 
of the adsorbent to bind the adsorbate. The equilibrium data are generally presented in isotherm 
curves, which show the relationship between the amount of adsorbate adsorbed on the adsorbent 
(qₑ) and the adsorbate concentration in the solution at equilibrium (Cₑ). 

 
Langmuir Method 

The Langmuir isotherm equation was determined by calculating the copper concentration 
after the adsorption process (C), the amount of copper adsorbed (X), and the mass of silica 
adsorbent (M). The relationship between the equilibrium concentration (Cₑ) and the adsorption 

capacity at equilibrium (Qₑ), derived from 
x

m
 was then used as the basis for constructing the isotherm 

model, as illustrated in the following figure: 
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Figure 4. Langmuir Isotherm Plot at an Adsorbent Mass of 0.3 g 

Based on Figure 3, the R² value obtained using the Langmuir method was 0.9985. The 
coefficient of determination (R²) is used as an indicator of the isotherm model fit. An R² value close 
to 1 indicates that the model can explain the majority of the variability in the adsorption data [20]. 

Table 3. Langmuir Isotherm Parameters for Cu²⁺ Adsorption 

Mass (g) 1/KQm 1/Qm Qm K 
0,3 11,312 -4,282 -0,233 -0,378 
0,6 8,1357 -2,016 -0,496 -0247 
0,9 1,7456 1,675 0,596 0,959 

Based on Table 4, it can be observed that as the adsorbent mass increases, the Qₘ value also 
increases. This indicates that the monolayer adsorption capacity of the adsorbent tends to be higher 
when the adsorbent mass is smaller [21]. According to Hussein et al. (2025), an increase in 
adsorbent mass corresponds to a higher number of particles and a larger adsorbent surface area, 
which increases the number of available ion binding sites. The greater the adsorbent mass, the 
higher the adsorption capacity, because during the initial stage of the adsorption process, Cu²⁺ ions 
rapidly bind to the silica surface while all active sites and pore cavities of the adsorbent remain fully 
accessible. This condition allows Cu²⁺ ions to interact intensively and occupy the silica surface 
through ion exchange and coordination bonding mechanisms. As the adsorbent mass increases, the 
number of pores and available surface area of the silica also rises, providing more binding sites for 
Cu²⁺ ions. The addition of surface area is responsible for the increased adsorption capacity, as more 
Cu²⁺ ions can be accumulated on the rice husk silica surface [23]. 

Freundlich Method 

The Freundlich isotherm equation was determined by calculating the mass of Cu after the 
adsorption process (C), the amount of Cu adsorbed (X), and the mass of the silica adsorbent (M). 
The relationship between log C and log Qₑ, derived from X/M, was then used as the basis for 
constructing the isotherm model, as illustrated in the following figure: 

y = -4.2827x + 11.312
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Figure 5. Freundlich Isotherm Model for Cu²⁺ Adsorption at an Adsorbent Mass of 
0.6 g 

 
Based on the Freundlich isotherm analysis, an adsorbent mass of 0.6 g exhibited the best 

model fit, with an R² value of 0.997. The logarithmic regression line from the graph was used to 
determine the adsorption intensity parameter (n) and the adsorption capacity constant (𝐾𝐹 ). The 
values of these two parameters are presented in the following table as a basis for evaluating the 
adsorption characteristics of silica gel toward Cu²⁺ ions: 

 
Table 4. Freundlich Isotherm Adsorption Capacity Parameters 

Mass (g) Log K 1/n K n 
0,3 -0,925 2,759 0,118 0,362 
0,6 -0,778 1,570 0,166 0636 
0,9 -0,561 0,438 0,274 2,278 

 

The selection of the appropriate adsorption isotherm model was carried out by comparing 
the coefficient of determination (R²) and evaluating the physical validity of the obtained isotherm 
parameters. Although the Langmuir model produced a very high R² value of 0.9985 at an adsorbent 
mass of 0.3 g, this high linearity was not consistently observed at higher adsorbent masses. At 0.9 
g, the R² value significantly decreased to 0.6156, indicating poor model reliability across different 
experimental conditions. Furthermore, several Langmuir parameters, including the maximum 
monolayer adsorption capacity (Qm) and the Langmuir constant (K), exhibited non-physical 
negative values at certain adsorbent masses. These results violate the fundamental assumptions of 
the Langmuir model, which presumes homogeneous surface sites, monolayer adsorption, and 
energetically equivalent binding sites [21]. Therefore, despite high R² values at specific conditions, 
the Langmuir model was deemed unsuitable for describing the adsorption behavior of Cu²⁺ ions 
onto rice husk–derived silica gel. In contrast, the Freundlich isotherm model demonstrated 
consistently high R² values across all adsorbent mass variations, with the best fit observed at an 
adsorbent mass of 0.6 g (R² = 0.997). The Freundlich model assumes a heterogeneous surface with 
non-uniform adsorption energies and allows for multilayer adsorption, which is more 
representative of the structural characteristics of silica gel derived from agricultural biomass [22]. 

The Freundlich parameters further support this interpretation. The adsorption intensity 
parameter (n) indicates favorable adsorption interactions, while the Freundlich constant (𝐾𝐹 ) 
reflects adequate adsorption capacity at equilibrium. The relatively low values of 1/n suggest strong 
interactions between Cu²⁺ ions and the active sites of the silica gel surface. These findings are 
consistent with the observed adsorption capacity and efficiency trends, where optimal adsorption 
behavior was achieved at an adsorbent mass of 0.6 g. Based on the consistency of R² values, the 
physical validity of the isotherm parameters, and the agreement between experimental results and 
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theoretical assumptions, the Freundlich isotherm model was identified as the most appropriate 
model for describing the adsorption behavior of Cu²⁺ ions onto rice husk based silica gel [23]. 

     Adsorption Isotherm Model Selection 

The selection of the adsorption isotherm model was performed by comparing the coefficient 
of determination (R²) values of each linearized equation. According to Sajjadi (2024), the best 
model is determined based on the most linear regression line with the highest R² value. The 
correlation coefficient is used to assess the level of agreement between the isotherm model and the 
experimental data [24]. In this study, the Langmuir model produced the highest R² value of 0.9985 
at an adsorbent mass of 0.3 g; however, this value was inconsistent across other adsorbent masses, 
as the R² decreased to only 0.6156 at 0.9 g. Moreover, some Langmuir parameters, such as Qₘ and 
the adsorption constant K, were negative at certain adsorbent masses, which is physically invalid. 
Therefore, the Langmuir model cannot adequately describe the adsorption mechanism in this 
study. 

On the other hand, the Freundlich model exhibited high and stable R² values across all 
adsorbent mass variations, with the best fit observed at 0.6 g, yielding an R² of 0.997. This pattern 
aligns with the characteristics of silica gel-based adsorbents, which have heterogeneous surfaces, 
causing the adsorption process to proceed in a multilayer manner with variable adsorption site 
energies. This finding is consistent with the study by Kagalkar et al. (2025), which stated that the 
Freundlich model is more representative for describing heavy metal adsorption on heterogeneous 
surfaces compared to the Langmuir model [25]. Based on the consistency of R² values, the validity 
of the obtained isotherm parameters, and the theoretical assumptions of the models relative to the 
surface characteristics of silica gel, it can be concluded that the Freundlich isotherm is the most 
appropriate model to describe Cu²⁺ ion adsorption in this study. 

 
CONCLUSION 

 

This study successfully synthesized silica gel from rice husks through chemical precipitation 
and evaluated its performance in removing Cu²⁺ ions from aqueous solutions. The adsorption 
efficiency increased with higher adsorbent masses, with 86.43% removal observed at 3 ppm and 
0.9 g of silica gel. The Freundlich isotherm model was found to better describe the adsorption 
behavior, suggesting a heterogeneous surface with non-uniform adsorption sites. These findings 
demonstrate the potential of rice husk-derived silica gel as a low-cost and effective adsorbent for 
treating industrial wastewater contaminated with copper ions. Future studies could explore 
optimizing the silica gel synthesis process and investigating its application to other heavy metals 
and environmental pollutants. 

 
ACKNOWLEDGMENT 

 

The authors express their sincere gratitude to the Chemical Engineering Study Program, 
Faculty of Engineering, Universitas Negeri Semarang, for providing laboratory facilities, scientific 
guidance, and the opportunity to conduct this research successfully. 

 
REFERENCES 

 
[1] Nzereogu, P. U., Omah, A. D., Ezema, F. I., Iwuoha, E. I., & Nwanya, A. C. (2023). Silica 

Extraction From Rice Husk: Comprehensive Review And Applications. Hybrid Advances, 4, 
100111. 

[2] Carneiro, A. A. B., De Almeida, S., Goyal, M., Patekar, S., Luna-Flores, C. H., Baker, A., & 
Hassanpour, M. (2025). Rice Husk-Derived Lignin-Coated Mesoporous Silica Nanoparticles 
For Fungicide Delivery: Enhancing Leaf Adhesion/Distribution And Translocation Of 
Prochloraz In Plants. Synthesis Of Bio-Based Functional Nanoparticles From Rice Husk For 
Pesticide Delivery, 18, 119. 

[3] Kang, X., Sun, M., Geng, N., Li, Y., Wang, H., Pan, H., & Zhuge, Y. (2024). A Novel And 



97 

Sainteknol Vol 23, No2 (2025): December 2025 

 

Recyclable Silica Gel-Modified Biochar To Remove Cadmium From Wastewater: Model 
Application And Mechanism Exploration. Ecotoxicology And Environmental Safety, 281, 
116608. 

[4] Tessema, B., Gonfa, G., Mekuria Hailegiorgis, S., & Venkatesa Prabhu, S. (2023). An Overview 
Of Current And Prognostic Trends On Synthesis, Characterization, And Applications Of 
Biobased Silica. Advances In Materials Science And Engineering, 2023(1), 4865273. 

[5] Aprilia, S., Rosnelly, C. M., Fitriani, F., Akbar, E. H., Raqib, M., Rahmah, K., & Baity, R. A. 
(2023). Synthesis Of Amorphous Silica From Rice Husk Ash Using The Sol–Gel Method: Effect 
Of Alkaline And Alkaline Concentration. Materials Today: Proceedings, 87, 225-229. 

[6] Liu, Y., Wang, H., Cui, Y., & Chen, N. (2023). Removal Of Copper Ions From Wastewater: A 
Review. International Journal Of Environmental Research And Public Health, 20(5), 3885. 

[7] Liao, W., Zhu, Z., Feng, C., Yan, Z., Hong, Y., Liu, D., & Jin, X. (2023). Toxicity Mechanisms 
And Bioavailability Of Copper To Fish Based On An Adverse Outcome Pathway 
Analysis. Journal Of Environmental Sciences, 127, 495-507. 

[8] Shree, B., Kumari, S., Singh, S., Rani, I., Dhanda, A., & Chauhan, R. (2025). Exploring Various 
Types Of Biomass As Adsorbents For Heavy Metal Remediation: A Review. Environmental 
Monitoring And Assessment, 197(4), 406. 

[9] El Abiad, C., Radi, S., El Massaoudi, M., Lamsayah, M., Figueira, F., Faustino, M. A. F., & 
Moura, N. M. (2023). Porphyrin-Silica Gel Hybrids As Effective And Selective Copper (Ii) 
Adsorbents From Industrial Wastewater. Journal Of Environmental Chemical 
Engineering, 11(3), 110097. 

[10] Kukwa, R. E., Kukwa, D. T., Oklo, A. D., Ligom, T. T., Ishwah, B., & Omenka, J. A. (2020). 

Adsorption Studies Of Silica Adsorbent Using Rice Husk As A Base Material For Metal Ions Removal 

From Aqueous Solution. Am. J. Chem. Eng, 8(2), 48. 
[11] Fadl, M. G. (2023). Prediction Of Heavy Metal Biosorption Mechanism Through Studying 

Isotherm Kinetic Equations. Scientific Reports, 13(1), 1576. 
[12] Serban, G. V., Iancu, V. I., Dinu, C., Tenea, A., Vasilache, N., Cristea, I., & Chiriac, F. L. 

(2023). Removal Efficiency And Adsorption Kinetics Of Methyl Orange From Wastewater By 
Commercial Activated Carbon. Sustainability, 15(17), 12939. 

[13] Ávila, F. G., Cabrera-Sumba, J., Valdez-Pilataxi, S., Villalta-Chungata, J., Valdiviezo-
Gonzales, L., & Alegria-Arnedo, C. (2025). Removal Of Heavy Metals In Industrial Wastewater 
Using Adsorption Technology: Efficiency And Influencing Factors. Cleaner Engineering And 
Technology, 100879. 

[14] Park, J. Y., Gu, Y. M., Chun, J., Sang, B. I., & Lee, J. H. (2023). Pilot-Scale Continuous 
Biogenic Silica Extraction From Rice Husk By One-Pot Alkali Hydrothermal Treatment And 
Ball Milling. Chemical And Biological Technologies In Agriculture, 10(1), 102. 

[15] Yang, W., Zhang, L., Li, M., Zhang, T., Liu, Y., & Liu, J. (2023). Koh-Modified Bamboo 
Charcoal Loaded With Α-Feooh For Efficient Adsorption Of Copper And Fluoride Ions From 
Aqueous Solution. Rsc Advances, 13(43), 30176-30189. 

[16] Bourliva, A. (2025). Heavy Metal Adsorption And Desorption Behavior Of Raw Sepiolite: A 
Study On Cd (Ii), Cu (Ii), And Ni (Ii) Ions. Minerals, 15(11), 1110. 

[17] Nhambe, P., Patel, B., Leswifi, T. Y., Abdulsalam, J., & Gardee, N. (2025). Adsorption Of Lead 
(Ii) In A Single And Multi-Metal System By Hydrochar From Pulp And Paper 
Sludge. International Journal Of Environmental Science And Technology, 22(10), 9073-9088. 

[18] Youssif, M. M., El-Attar, H. G., Hessel, V., & Wojnicki, M. (2024). Recent Developments In 
The Adsorption Of Heavy Metal Ions From Aqueous Solutions Using Various 
Nanomaterials. Materials, 17(21), 5141. 

[19] Zubir, A., Normaya, E., Danial, W. H., Goh, P. S., Piah, M., Show, P. L. & Ahmad, M. N. 
(2026). State-Of-The-Art Modification, Mechanistic Insight And Breakthrough Curve Analysis 
Of Chitosan Scaffolds For Sustainable Heavy Metal Adsorbent. International Journal Of 
Environmental Science And Technology, 23(3), 195. 

[20] Mahmood, U., Alkorbi, A. S., Hussain, T., Nazir, A., Qadir, M. B., Khaliq, Z., & Jalalah, M. 
(2024). Adsorption Of Lead Ions From Wastewater Using Electrospun Zeolite/Mwcnt 
Nanofibers: Kinetics, Thermodynamics And Modeling Study. Rsc Advances, 14(9), 5959-5974. 

[21] Hammad, W. A., Hawash, S. A., Abdel-Latif, M. S., Kuku, M., & Amr, M. H. A. (2025). High 
Efficiency Adsorption Of Hexavalent Chromium Using Bioderived Activated Carbon Kinetics, 
Isotherms, And Thermodynamics. Scientific Reports, 15(1), 25871. 

[22] Hussein, E. B., Rasheed, F. A., Mohammed, A. S., & Kayani, K. F. (2025). Emerging 



98 

Sainteknol Vol 23, No2 (2025): December 2025 

 

Nanotechnology Approaches For Sustainable Water Treatment And Heavy Metals Removal: A 
Comprehensive Review. Rsc Advances, 15(48), 41061-41107. 

[23] Raja, S. L., Sipayung, E. M., & Nainggolan, H. (2024). Utilization Of Mesoporous Silica From 
Rice Husk To Reduce Copper Level In Water Using Adsorption Method. Journal Of Chemical 
Natural Resources, 6(2), 151-155. 

[24] Sajjadi, S. M. (2024). Evaluation Of The Various Adsorption Isotherm Models For The 
Photocatalytic Removal Of Methylene Blue From The Wastewater By Graphene 
Oxide/Tio2/Sio2. Journal Of Applied Research In Water And Wastewater, 11(1), 59-66. 

[25] Kagalkar, A., Dharaskar, S., Chaudhari, N., Vakharia, V., & Karri, R. R. (2025). Enhanced 
Metal Ion Adsorption Using Zno-Mxene Nanocomposites With Machine Learning-Based 
Performance Prediction. Scientific Reports, 15(1), 15563. 

 


