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ABSTRACT. The adsorption of Pb(II), Ni(II), and Cd(II) metal ions onto Fe3O4@SiO2-TMPDT 

adsorbent was carried out through batch experiments. In this study, Fe3O4@SiO2-TMPDT adsorbent was 

synthesized through a sol-gel process using sodium silicate extracted from rice husk ash (Na2SiO3)RHA 

with the addition of magnetite (Fe3O4) and modifier N1-(3-trimethoxysilylpropyl) diethylenetriamine 

(TMPDT). The synthesized adsorbent was then characterized by FTIR. The Fe3O4@SiO2-TMPDT 

adsorbent was prepared with suspension Fe3O4:(Na2SiO3)RHA ratios (v/v) of 1:4, 2:3, and 1:1, and varying 

the amounts of TMPDT of 1; 2.5 and 5 mL. The optimum pH to perform conditions adsorption for Pb(II) 

metal ions was determined to be 4, while Ni(II) and Cd(II) were 5. In addition, the adsorption process 

followed a pseudo-second-order kinetic model, and the adsorption isotherm was consistent with the 

Langmuir isotherm. The adsorption capacities for Pb(II), Ni(II), and Cd(II) were 11.760 mg/g, 1.864 mg/g, 

and 1.888 mg/g, respectively. 

 

INTRODUCTION 

Groundwater is a clean water source for human consumption, and its contamination may arise from various 

pollutant origins, such as industrial and anthropogenic activities (Javaheri et al., 2019). Heavy metals, such as Cr, 

Hg, Cd, Ni, Zn, Mn, Cu, Fe, and Pb, are very harmful to the environment because of their toxic, cumulative, and 

non-degradable nature (Dong et al., 2015; Hajiaghababaei et al., 2011; Naat et al., 2021; Namasivayam and 

Ranganathan, 1995; Tang et al., 2013; Yuan and Liu, 2013; Zhou et al., 2014). The metal ion poisoning of Pb(II) 

causes language difficulties, mental retardation, and abnormalities in pregnant women, kidney problems, anemia, 

and digestive disorders, such as vomiting and stomach ulcers (Awual et al., 2014; Hajiaghababaei et al., 2011; 

Huang et al., 2018; Naat et al., 2021; Yuan and Liu, 2013). Similarly, the disorders caused by Ni(II) metal ions 

include cancer of the lungs and kidney, headache, dizziness, nausea, vomiting, chest pain, coughing, shortness of 

breath, cyanosis, and weakness (Azimi et al., 2017; Thakur and Parmar, 2013; Zhou et al., 2014) Cd(II) metal ion 

poisoning damages the physiological systems of the body, leading to long-term accumulation in the human organs, 

specifically the kidneys and liver (Hajiaghababaei et al., 2011; Javaheri et al., 2019). According to the 2023 

Regulation of the Minister of Health RI No. 2 concerning Environmental Health, the quality standard for Pb(II), 

Ni(III), and Cd(II) metal ions for drinking water is 0.01, 0.07, and 0.003 mg/L, respectively. The metal content of 

Pb(II), Ni(II), and Cd(II) in drinking water must not exceed the quality standard (Minister of Health Regulation 

Number 2, 2023).  

Rice husk is a byproduct of agricultural waste, and its production worldwide reaches 120 million tons 

annually (Bheel et al., 2018). The combustion of rice husk converts it into ash containing 80 – 90% amorphous 

silica, 1 – 2% potassium oxide (K2O,) and the rest is carbon (Jamo and Maharaz, 2015). The substantial silica 

content of rice husk ash has excellent potential as a source of silica (Na2SiO3 (RHA)) for the production of new 

material-based silica (Hastuti et al., 2020, 2019; Sakti et al., 2013). Furthermore, silica has the advantage of good 
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thermal and mechanical stability, large surface area, stability in acids, and good surface modification properties 

(Fahmiati et al., 2018). The silica surface contains silanol (Si–OH), which is easily modified with functional groups 

such as amine (Kheshti et al., 2019; Liu et al., 2016; Robles-Jimarez et al., 2022), carboxylic (Jabbari-Gargari et 

al., 2021; Jiaqi et al., 2019), and thiols (Beagan et al., 2022; Sharma et al., 2022). 

The magnetic properties of the adsorbent are advantageous because they easily separate from the solution 

using an external magnetic field. Several studies on absorption using silica with magnetic properties have been 

carried out (Fahmiati et al., 2018; Javaheri et al., 2019; Kheshti et al., 2019; Wang et al., 2010), such as the 

synthesis of functionalized magnetized silica 3-Aminopropyl triethoxysilane (APTES) for adsorption of nitrate 

ions (Kheshti et al., 2019), synthesis of magnetized silica modified by L-Arginine  (Amaria et al., 2017), 

functionalized magnetized silica with 3-Aminopropyl trimethoxysilane (APTMS) (Tang et al., 2013), with 3-

Aminopropyl triethoxysilane (APTES) (Javaheri et al., 2019; Saadat et al., 2019) and diethylenetriamine (Fahmiati 

et al., 2018). In this study, efforts were made to increase the ability of silica as an adsorbent by adding Fe3O4 to 

Na2SiO3(RHA). Furthermore, the result is then modified with N’-(3-trimethoxysilylpropyl) diethylenetriamine 

(TMPDT) to form Fe3O4@SiO2-TMPDT, with three amine groups which will increase the adsorption capacity. 

The absorption process of Fe3O4@SiO2-TMPDT, including the variations in pH, adsorption contact time, and ion 

concentrations of Pb(II), Ni(II), and Cd(II), was also examined.  

 

RESEARCH METHODS 

Equipment and Materials 

The equipment used were a 200-mesh sieve, hot plate, filter paper, analytical balance, oven, pH meter, shaker, 

sonicator, furnace, Fourier Transform Infra-Red spectrophotometer (FTIR), Shimadzu type IR Prestige-21, and 

Atomic Absorption Spectrometer (AAS), Shimadzu type AA-6650F). The materials used were distilled water, 

sodium hydroxide, hydrochloric acid, iron oxide Fe3O4, and salts of Pb(NO3), Ni(NO3), and Cd(NO3) that were 

purchased from Merck. N’-(3-trimethoxysilylpropyl) diethylenetriamine (TMPDT) was purchased from Sigma-

Aldrich. 

 

Experiment 

The process of preparing sodium silicate involves mixing 10 g of rice husk ash (200 mesh) with 80 mL of 

4M NaOH, heating to 100 °C, and stirring until thick. It was further heated at 500 for 30 minutes, and after cooling, 

100 mL distilled water was added, resulting in a filtrate of sodium silicate Na2SiO3(RHA). (Sakti et al., 2013). The 

synthesis of Fe3O4@SiO2-TMPDT refers to previous studies with some modifications (Amaria et al., 2017). The 

adsorbent was prepared with varying compositions of suspension Fe3O4, namely Na2SiO3(RHA) (v/v) 1:4, 2:3, and 

1:1, and then 1 mL TMPDT was added. The composition of 1:4 (v/v) was carried out by adding 5 mL distilled 

water to 0.2 g Fe3O4 sonicated for 5 minutes, and 20 mL Na2SiO3(RHA) was added and sonicated for 15 minutes. 

Next, 1 mL of TMPDT was added to the resulting solution, stirred for 1 hour, and 6 M HCl was gradually added 

to form a gel. The gel was dried at 70 oC for 18 hours, washed with ethanol-aquadest (1:1), and dried at 70 oC for 

5 hours. Applying the same treatment in the ratio 2:3 (v/v), wherein 0.4 g Fe3O4 was added into 10 mL distilled 

water and 15 mL Na2SiO3(RHA), while the ratio 1:1 (v/v)  involved the addition of 0.5 g Fe3O4 into a 12.5 mL 

distilled water and 12.5 mL Na2SiO3(RHA). The TMPDT variations are carried out by adding 1 mL, 2.5 mL, and 5 

mL. 

 

pH Optimization 

An amount of 10 mg of Fe3O4@SiO2-TMPDT adsorbent was added to 10 mL of a 10 ppm solution of Pb(II), 

Ni(II), and Cd(II) metal ions. The adsorption process was carried out at different pH levels 3, 4, 5, and 6 to 

investigate the effect of pH on the adsorption efficiency for each metal ion.  

 

Adsorption Kinetic Studies 

An amount of 10 mg of Fe3O4@SiO2-TMPDT adsorbent was introduced into 10 mL of a 10 ppm solution of 

Pb(II), Ni(II), and Cd(II) metal ions, and the adsorption process was conducted over varying contact times of 10, 

20, 40, 70, 100, and 120 minutes at the optimum pH. The data collected from these experiments were utilized to 

analyze the adsorption kinetics by fitting the results to various kinetic models, including first-order (Equation (1)), 

second-order (Equation (2)), pseudo-first-order (Equation (3)), and pseudo-second-order (Equation (4)) models. 
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Where Co = concentration (metal ions) at t = 0 (ppm), Ce = concentration (metal ions) at t = t (ppm), k = reaction 

rate constant, t = time (minutes), qe = equilibrium adsorption capacity (mg/g), qt = adsorption capacity at a specific 

time t (mg/g). 

 

Adsorption Isotherm Studies 

A total of 10 mg of Fe3O4@SiO2-TMPDT 10 was contacted with 10 mL metal ions with concentrations of 2, 

4, 6, 8, 10, and 12 ppm at optimum pH. The collected data were applied to study the Langmuir isotherm (Equation 

(5)) and Freundlich isotherm (Equation (6)) models. 
 

Ce

qe
 = 

1

qm
Ce +

1

KLqm
    (5) 

ln qe = 𝑙𝑛 Kf − 
1

n
𝑙𝑛Ce  (6)

   

Where Ce = metal ion concentration in solution after adsorption (mg/L), qm = maximum adsorption capacity 

(mg/g), KL = Langmuir constant (L/mg), = Freundlich’s constant related to adsorption intensity, Kf = Freundlich 

constant concerning adsorption capacity. 

 

RESULTS AND DISCUSSION 

Adsorbent Fe3O4 @SiO2 -TMPDT 

The optimization of the suspension Fe3O4:Na2SiO3(RHA) (v/v) composition is presented in Table 1. It was 

observed that at a 1:4 ratio, the adsorbent had the highest weight, followed by the 2:3 and 1:1 ratios. This trend 

can be attributed to the fact that a higher proportion of Na2SiO3(RHA) leads to the formation of a denser and more 

solid silica gel. A well-balanced composition is essential to ensure that the resulting gel is solid and easily separable 

using a magnet due to the magnetic properties imparted by the Fe3O4. Among the different ratios tested, the 2:3 

ratio was found to be the most optimal for the synthesis of adsorbents. This particular composition resulted in a 

material with strong magnetic characteristics, making it efficient for applications requiring magnetic separation. 

The balance between Fe3O4 and Na2SiO3(RHA) in the 2:3 ratio provided a solid gel structure that was both 

magnetically responsive and mechanically stable, making it suitable for further adsorption experiments. 

Table 1. The mass and the magnetic strength of Fe3O4:Na2SiO3 in various composition ratios. 

Fe3O4:Na2SiO3 (v/v) Adsorbent mass (g) Magnetic Power 

1:4 5.99 Weak 

2:3 4.57 Good 

1:1 4.16 Good 

 

The optimization of the TMPDT volume is illustrated in Figure 1. It was observed that increasing the amount 

of TMPDT made the gel formation process more difficult. This is due to the increased condensation, which disrupts 

the formation of siloxane bonds within the silica structure. As a result, the stability of the gel network is 

compromised, making it less robust. In this study, 1 mL of TMPDT was determined to be the optimal amount. 

This volume provided a balance between achieving sufficient functionalization of the silica surface while 

maintaining the structural stability of the gel, allowing for effective synthesis without significant disruption to the 

siloxane bond formation. 
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Figure 1. Fe3O4@SiO2-TMPDT with (a) 1 mL TMPDT variation, (b) 2.5 mL, and (c) 5 mL. 

 

The possible reaction mechanism for forming Fe3O4@SiO2-TMPDT is shown in Figure 2. Sodium silicate 

(Na2SiO3(RHA)) (I) is initially added to hydrochloric acid (HCl), leading to the formation of tetrahydrosilicate 

Si(OH)4) (II) and sodium chloride (NaCl) as a byproduct. In the next step, Si(OH)4 reacts with Fe3O4 to form 

Fe3O4@SiO2 (III), where the silica shell coats the magnetic Fe3O4 core. The presence of hydroxyl (–OH) groups 

on the surface of Fe3O4@SiO2 provides active silanol sites that facilitate further reactions. These silanol groups 

then react with N’-(3-trimethoxysilylpropyl) diethylenetriamine (TMPDT) (IV), a silane coupling agent, to form 

the final product, Fe3O4@SiO2-TMPDT (V). In this final structure, TMPDT functionalizes the silica-coated 

magnetic, introducing amine functional groups that are crucial for enhancing adsorption properties and providing 

specific binding sites for metal ions.  

 

Figure 2. Mechanism reaction of Fe3O4@SiO2-TMPDT. 

 

Functional Groups Characteristics of Fe3O4 @SiO2 -TMPDT 

The functional groups of the prepared material were analyzed from FTIR spectra, as presented in Figure 3. 

For SiO2 (a), the characteristic peaks corresponding to the siloxane groups (Si–O–Si) were observed at 1075 cm⁻¹, 

and the silanol groups (Si-OH) were identified at 795 cm⁻¹, which are the primary functional groups of SiO2. 

Additionally, the bending and stretching vibrations of water (H2O) molecules were detected at 1642 cm⁻¹ and 3456 

cm⁻¹, respectively, representing the presence of moisture in the sample. In contrast, the spectrum of Fe3O4 (b) 

exhibited a distinct and sharp absorption band at 570 cm⁻¹ with high intensity, characteristic of the Fe–O stretching 

vibration, which is indicative of the magnetite phase. Upon coating Fe3O4 with SiO2, forming Fe3O4@SiO2 (c), 

the FTIR spectrum revealed several key peaks, including Si–O at 795 cm⁻¹, Si–O–Si at 1082 cm⁻¹, O–H bending 

(a) (c) (b) 
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at 1643 cm⁻¹, O–H stretching at 3452 cm⁻¹, and the Fe–O stretching at 567 cm⁻¹, confirming the successful 

synthesis of the Fe3O4@SiO2. 

 

Figure 3. FTIR spectra of (a) SiO2, (b) Fe3O4, (c) Fe3O4 @SiO2, (d) TMPDT, and (e) Fe3O4@SiO2-TMPDT. 

 

TMPDT (d) was identified by characteristic peaks at 1072 cm⁻¹, 1346 cm⁻¹, and 1471 cm⁻¹, which correspond 

to C–C stretching, C–H bending, and C–C bending vibrations, respectively. The C–H stretching vibrations of 

methyl (–CH3) and methylene (–CH2–) groups were observed at 2940 cm⁻¹ and 2842 cm⁻¹, respectively. 

Furthermore, the amine functional groups were detected through N–H bending at 1577 cm⁻¹ and N–H stretching 

at 3289 cm⁻¹. For Fe3O4@SiO2-TMPDT (e), specific vibrational peaks were observed at 562 cm⁻¹ for Fe–O–Si, 

1038 cm⁻¹ for Si–O–Si, 1574 cm⁻¹ for N–H bending, and 3384 cm⁻¹ for N–H stretching, confirming the presence 

of siloxane and amine groups on the functionalized surface. Additionally, the C-H stretching vibrations of –CH3 

and –CH2– groups were identified at 2945 cm⁻¹ and 2876 cm⁻¹, respectively, further confirming the successful 

functionalization of the material with organic groups. 

 

The pH Optimization 

Adjusting the pH of the solution directly influences the concentration of H⁺ and OH⁻ ions in the system. 

Under acidic conditions, an excess of H⁺ ions competes with metal ions to bind to the amine group (-NH₂) on the 

surface of the adsorbent. Given that H⁺ ions act as stronger Lewis acids compared to metal ions (Rahayu and 

Khabibi, 2016), their presence significantly reduces the chance of metal ions interacting with the active sites on 

the adsorbent. As a result, the adsorbent’s capacity for metal ion adsorption is reduced. Furthermore, the high 

concentration of H⁺ ions in acidic solutions causes the amine groups to become protonated, leading to electrostatic 

repulsion between the positively charged adsorbent surface and the metal ions, further decreasing adsorption 

efficiency, as depicted in Figure 4. 

 

Figure 4. Impact of solution pH on adsorption capacity. 
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On the other hand, in highly alkaline conditions, the concentration of OH⁻ ions increases. These hydroxyl 

ions can react with metal ions to form metal hydroxide precipitates, thereby reducing the concentration of free 

metal ions in the solution. This process ultimately limits the interaction between the amine groups (─NH₂) on the 

adsorbent and the metal ions, further decreasing the total adsorption capacity. Figure 4 illustrates that the 

adsorption of metal ions increases as the pH approaches the optimum level, which is attributed to the reduction in 

H⁺ ion concentration in the solution, allowing more metal ions to bind to the active sites on the adsorbent. However, 

at pH values higher than the optimum, adsorption capacity decreases due to the increasing concentration of OH⁻ 

ions in the solution, which interact with metal ions to form metal hydroxide precipitates, reducing the availability 

of free metal ions for adsorption. In this study, the optimum pH for Pb(II) and Ni(II) was found to be 4, whereas 

for Cd(II), it was 5. 

 

Adsorption Kinetic Study 

The variation in contact time was used to determine the equilibrium time during the adsorption process 

between the metal ions and the Fe3O4@SiO2-TMPDT adsorbent. The determination of contact time variation was 

conducted at the optimum pH for the respective ions, Pb(II), Ni(II), and Cd(II). Figure 5 illustrates the relationship 

between contact time and adsorption capacity, showing how the adsorption capacity changes as a function of time. 

 

Figure 5. Variation of contact time versus adsorption capacity. 

 

Figure 5 shows that equilibrium initiation has occurred at a contact time of 10 minutes. As the contact time 

increases, its effect on enhancing adsorption capacity diminishes, and equilibrium is achieved quickly. This shows 

that the pore effect of the adsorbent on the adsorption process is small, and it is more influenced by the interaction 

of the active sites on the adsorbent than the pores. Furthermore, the adsorption kinetic model was determined based 

on first-order (Equation (1)), second-order (Equation (2)), pseudo-first-order (Equation (3)), and pseudo-second-

order (Equation (4)). The first-order kinetic is obtained by plotting the contact time (t) against ln Ce, while the 

contact time (t) was plotted against 1/Ce for the second-order. For pseudo-first-order kinetic, the model was 

determined by plotting the contact time against ln (qe-qt)) while the contact time was plotted against t/qt for the 

pseudo-second-order.  

Table 2 shows the adsorption kinetic model on Fe3O4@SiO2-TMPDT for Pb(II), Ni(II), and Cd(II) ions 

following pseudo-second-order. This is evidenced by the value of R2 for each metal ion, which is close to the value 

of 1, which is a pseudo-second-order kinetic model. The kinetic model indicated that the interaction between the 

adsorbent and adsorbate is chemical in nature. This is dominated by interactions through active sites rather than 

pores, supported by the relatively short equilibrium time of 10 minutes. Adsorption tends to occur chemically 

when the calculated value is close to the experimental value (Hastuti et al., 2015). Table 3 shows that the calculated 

qe value (qe cal) closely approximates the experimental qe (qe exp) value within the pseudo-second-order. In contrast, 

a significant disparity is observed within the first-order pseudo-kinetic model. The value of qe cal in the pseudo-

first and second order is determined by plotting the data in Equations 3 and 4, while the qe exp is obtained from 

experimental data. 
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Table 2. Kinetic parameters of various metal ions. 

Kinetic Models 

Kinetic parameters 

Pb(II) Ni(II) Cd(II) 

R2 K R2 k R2 K 

first-order 0.783 0.00020 0.7629 0.00020 0.9231 -0.0020 

second-order 0.782 0.00003  0.7640 0.00003  0.9296 -0.0005 

pseudo-first-order 0.023 -0.0333 0.9884 -0.0333 0.9742 0.0018 

pseudo-second-order 0.992 8140.6 0.9996 8140.6 0.9945 0.0339 

 

Table 3. Value of qe results of calculations and experiments for several metal ions. 

Metal 

qe cal 

qe exp Pseudo-first-order Pseudo-second-order 

  

Pb(II) 4.15 x 10-6 3.8 x 10-5 3.96 x 10-5 

Ni(II) 3.8 x 1016 1.23 x 10-4 1.27 x 10-4 

Cd(II) 1.2749 5.0994 4.9984 

 

Adsorption Isotherm Study 

The Langmuir isotherm shows a chemical interaction occurs between the adsorbent and the adsorbate. The 

interaction of metal ions on the adsorbent forms a monolayer, and the adsorption on each side is homogeneous 

(Wijayanti and Kurniawati, 2019). Furthermore, the Freundlich isotherm showed a physical interaction of the 

adsorbent with metal ions. The physical interaction forms a multilayer, and the adsorbent sides are heterogeneous, 

resulting in different energy bonds on each side (Wijayanti and Kurniawati, 2019). The interaction between metal 

ions and adsorbents can occur through van der Waals forces or pores. Van der Waals forces arise due to dipole-

dipole between the surface of the adsorbent and the metal ion. Equations 5 and 6 were used to calculate adsorption 

capacity (qm), Langmuir constant (kL), Freundlich adsorption capacity (kf), and intensity (n). Table 4 shows that 

the adsorption process for Pb(II), Ni(II), and Cd(II) ions follows the Langmuir isotherm model with the R2 value 

closest to 1.  

Table 4. Isotherm adsorption parameter on Fe3O4@SiO2-TMPDT adsorbent. 

Isotherm adsorption Parameter Pb(II) Ni(II) Cd(II) 

Langmuir R 2 0.9770 0.9862 0.9973 

q m (mg/g) 11.760 1.864 1.88 8 

𝑘𝐿(L/mg) 0.699 0.577 9.546 
     

Freundlich R 2 0.930 0.936 0.674 

𝑘𝑓(mg/g) 5.320 0.116 1.46 8 

 

These findings suggest a chemical interaction between the adsorbent and metal ions at the active site (amine 

group) on the surface of Fe3O4@SiO2-TMPDT rather than within the pores, as depicted in Figure 6. Figure 6 

illustrates the binding of Pb(II), Ni(II), and Cd(II) metal ions to the Fe₃O₄@SiO₂-TMPDT adsorbent through 

chemisorption. This process occurs at the active sites (amine groups) on the surface of Fe₃O₄@SiO₂-TMPDT. The 

amine groups from TMPDT contain lone pair electrons, which bind to the positively charged metal ions (M²⁺). In 

addition, the binding of metal ions (M²⁺) can also occur through the lone pair electrons of siloxane and silanol 

groups on the silica surface, forming weak chemical bonds. Meanwhile, physisorption interactions may take place 

between metal ions (M²⁺) and the pores in silica. Physisorption allows the adsorption of metal ions to form a 

multilayer, where adsorption within the silica pores continues until the pores are completely filled with the 

adsorbate, reaching the maximum adsorption capacity. 
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Figure 6. Binding mechanism of metal ions by Fe3O4@SiO2-TMPDT. 

 

Table 5 presents the maximum adsorption capacity (qm) values for various adsorbents and adsorbates. The 

value of the maximum adsorption capacity (qm) for Pb(II)>Cd(II)>Ni(II) was 11.760, 1,888, and 1,864 mg/g, 

respectively. The electron configuration of Pb, Cd, and Ni atoms are 6, 5, and 4 electron shells, respectively. 

Furthermore, a more significant number of electron shells results in a larger atom size, causing the atomic nucleus’s 

attraction to weaken. This phenomenon facilitates the release of outer electrons, leading to the formation of cations.  

Table 5. Comparison of maximum adsorption capacity of other adsorbents with Fe3O4@SiO2-TMPDT. 

Material Adsorbate Adsorption capacity q m (mg/g) Reference 

Fe3O4@SiO2-TMPDT Pb(II) 11.760 Present work 
    

Fe3O4@SiO2-TMPDT Ni(II) 1.864 Present work 
    

Fe3O4@SiO2-TMPDT Pb(II) 1.888 Present work 
    

Polyaniline/silica gel 

(PANI/SiO2 ) 

Cd(II) 51.02 (Putrinesia et al., 2019) 

    

silica@mercapto (HS@M) Pb(II) 4.97 (Naat et al., 2021) 
    

Rise husk Cd(II) 5.13 (Montalvo-Andía et al., 

2022) 
    

Silica-based sandwich-

layered zirconium-titanium 

phosphate 

Ni(II) 50.01 (Li et al., 2021) 

    

Silica-chitosan beads Ni(II) 40.32 (Sertsing et al., 2018) 

EDTA modified silica 

airgel 

Ni(II) 84.75 (Pornchuti et al., 2020) 

 

Based on Table 5, the Fe3O4@SiO2-TMPDT adsorbent demonstrates a lower adsorption capacity compared 

to others. This is due to the fact that Fe3O4 is not an adsorbent with pores as effective as silica. Therefore, the 

addition of Fe3O4 tends to reduce its adsorption ability. Nevertheless, Fe3O4@SiO2-TMPDT offers advantages, 

such as ease of separation from the solution by simply bringing a magnet close to the adsorbent. This feature is 

highly beneficial in water purification filtration applications to remove heavy metal contaminants. 

 

CONCLUSION 

In conclusion, Fe3O4@SiO2-TMPDT adsorbent was successfully synthesized using the sol-gel method, 

combining sodium silicate derived from rice husk ash (Na2SiO3(RHA)), magnetite (Fe3O4), and TMPDT. The FTIR 

spectra of Fe3O4@SiO2-TMPDT confirmed the formation of new functional groups, including Fe-O-Si, amine, 

and C-H groups from the TMPDT. Furthermore, the optimal pH for the adsorption of metal ions was determined 

to be 4 for Pb(II) and Ni(II) and 5 for Cd(II). The adsorption kinetics of Pb(II), Ni(II), and Cd(II) onto Fe3O4@SiO2-

TMPDT followed the pseudo-second-order kinetic model, while the adsorption isotherm aligned with the 

Langmuir model. The maximum adsorption capacities were found to be 11.760 mg/g for Pb(II), 1.864 mg/g for 

Ni(II), and 1.888 mg/g for Cd(II). These findings suggest that Fe3O4@SiO2-TMPDT is a promising material for 

the effective removal of heavy metal ions, such as Pb(II), Ni(II), and Cd(II), from aqueous solutions. 
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