
Indonesian Physical Review  
Volume 09 Issue 02, May 2026  
P-ISSN: 2615-1278, E-ISSN: 2614-7904 

286 
 

Synthesis of Magnetite/Activated Carbon Nanocomposites for 
the Removal of Lead and Methylene Blue 
 
Mina Devika Setiana1, Yap Wing Fen2, Arif Hidayat1, ST. Ulfawanti Intan Subadra1, Ahmad 
Taufiq1* 
1Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang, Jl. Semarang 5 
Malang 65145, Indonesia 
2Department of Physics, Faculty of Science, Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor, Malaysia 
 
Corresponding Author’s E-mail: ahmad.taufiq.fmipa@um.ac.id  
 

 
Article Info 

  
Abstract 

Article info: 
Received: 21-01-2026 
Revised: 03-04-2026 
Accepted: 20-04-2026 

Keywords: 
Magnetite/activated 

carbon; Nanocomposites; 

Adsorption; Lead; 

Methylene blue 

How To Cite: 
M. D. Setiana, Y. W. Fen, 

A. Hidayat, S. U. I. 

Subadra, and A. Taufiq, 

“Synthesis of 

Magnetite/Activated 

Carbon Nanocomposites 

for the Removal of Lead 

and Methylene Blue”, 

Indonesian Physical 

Review, vol.  9, no. 2, p 

286-301, 2026. 

DOI:  
https://doi.org/10.29303/ip
r.v9i2.651. 

 Water pollution from industrial waste, such as lead and methylene 
blue (MB), has serious impacts on aquatic life and human health. In 
addition, existing methods are less effective for waste treatment and 
are costly to operate.  Therefore, this study aims to develop 
magnetite/activated carbon nanocomposites based on natural 
materials as adsorbents. The XRD diffraction pattern showed 
broadened peaks and the highest crystalline peaks at 2θ = 20°–26° and 
35.5° for activated carbon and magnetite, respectively. The 
nanocomposite formation was confirmed from the EDX spectrum, 
which showed the presence of Fe, O, and C elements, as well as from 
the FTIR spectrum, which detected the presence of Fe–O, C–H, C=C, 
C=O, and O–H functional groups. Furthermore, based on the SEM 
results, the nanocomposites were found to be spherical and porous, 
with an average particle size of 35.53 ± 0.83 nm. Meanwhile, the BET 
results showed that the nanocomposites had a total pore volume of 
0.333 cm3/g. The kinetics of lead adsorption reached equilibrium in 25 
minutes with an efficiency of 99.51%. The adsorption of MB reached 
equilibrium in 20 minutes, with an efficiency of 97.02%. The results 
of the kinetic analysis showed that the adsorption of lead and MB both 
fit the pseudo-second order (PSO) modeling with adsorption capacities 
(𝑞𝑒) of 11.6550 mg/g and 7.3421 mg/g, respectively. Based on these 
results, the magnetite/activated carbon nanocomposites are promising 
as an alternative adsorbent due to their high efficiency, practicality, 
and magnetic separation capabilities. 
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Introduction 

Rapid industrial development poses a serious threat to the environment, especially to aquatic 
environments [1]. Currently, many irresponsible industries discharge untreated industrial 
waste directly into water. The Indonesian Central Bureau of Statistics reports that 38 rivers in 
Indonesia are severely polluted by waste from large industrial and household activities [2]. 
Industrial waste is known to contain hazardous contaminants, including lead (Pb) and 
methylene blue (MB). This is supported by reports stating that 10%–15% of MB found in waters 
is generated from 8,000 kg/day of textile production [3]. Meanwhile, lead pollution is reported 
to originate from the battery, mining, and manufacturing industries [4,5]. Under these 
conditions, living things may be exposed to dangerous contaminants. Previous research 
reported that one in four children in Indonesia has been exposed to lead, with accumulated 
blood lead levels exceeding 10 μg/dL [6].  Pb and MB themselves are known to have toxic 
characteristics, are non-biodegradable, and cause health problems [7–9]. Therefore, exposure 
to lead and MB can cause disruption of vital organ function, poisoning, cardiovascular disease, 
cancer, jaundice, and red blood cell abnormalities [10–12]. 

Several methods have been developed to address lead and MB contamination, such as ion 
exchange, chemical precipitation, coagulation, membrane filtration, and solvent extraction 
[13]. However, these methods still have limitations, including complicated mechanisms, high 
costs, high energy requirements, and longer processes, so alternative solutions are needed to 
overcome water pollution [14]. Therefore, this study uses the adsorption method because it 
has the advantages of being simpler, having high efficiency, and not requiring large amounts 
of energy compared to other methods [15,16]. The adsorption method is reported to have high 
performance by utilizing adsorbent materials, such as activated carbon.  

Activated carbon is widely used as an adsorbent because it has a high surface area and 
porosity, and contains numerous oxygen and hydroxyl groups that enhance its hydrophilic 
properties, thereby increasing adsorption capacity [14,17,18]. The report showed that activated 
carbon successfully adsorbed iron and lead with adsorption capacities of 9.67 mg/g and 10.04 
mg/g [19]. However, in its application, activated carbon is difficult to separate from pollutants, 
which can lead to new environmental problems. Therefore, this study modified activated 
carbon by adding another functional material, magnetite. Magnetite nanoparticles possess 
superior magnetic properties, making them useful in separating adsorbent materials. In 
addition, magnetite has high biocompatibility and low toxicity, making it safer for the 
environment [20,21]. Previous studies reported that magnetite/activated carbon as lead and 
MB adsorption had efficiencies of 86.87% and 95.2%, respectively [22,23]. Other research also 
succeeded in synthesizing magnetite combined with granular activated carbon, showing an 
adsorption efficiency of perfluorooctanoic acid of 79.1% [24]. This value is higher than the 
efficiency of pure magnetite and granular activated carbon at 10.1% and 58.9%, respectively. 
Although research on magnetite and activated carbon has been widely conducted, discussion 
of their adsorption by both materials remains limited to certain pollutants, emphasizes 
removal efficiency, and does not conduct in-depth kinetic analysis. Therefore, unfortunately, 
these adsorbent materials are synthesized using chemicals such as C7F15COOH, FeCl2.4H2O, 
FeCl3.7H2O, and NH3.H2O, and excessive use of these chemicals can lead to secondary 
pollutants in water and increase manufacturing costs. Based on the above, this research aims 
to synthesize magnetite/activated carbon nanocomposites using natural iron sand and 
coconut shells for adsorbing lead and methylene blue.  
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The use of these two natural materials is a novelty offered in this research. Iron sand is known 
to have a high magnetite content in bulk form [25]. Meanwhile, coconut shells were chosen 
because they contain 35-45% lignin and 23-43% cellulose, both of which have high carbon 
content [26]. By utilizing natural materials and biomass waste as precursors, it has the potential 
to lower production costs, reduce biomass waste, and increase the utility value of natural 
materials. In this study, adsorption performance was evaluated using kinetic studies to assess 
its potential for adsorbing Pb and MB. The evaluation was carried out using AAS and UV-Vis 
characterization. In addition, this study analyzed the structure, phase, functional groups, 
morphology, and surface area of nanocomposites using XRD, FTIR, SEM–EDX, and BET 
analysis. 

Experimental Method 

The synthesis of magnetite/activated carbon nanocomposites was carried out via the ex situ 
method. The first stage was the preparation of activated carbon, which began with grinding 
coconut shell charcoal and was followed by sieving through a 100-mesh sieve. Next, the 
coconut shell powder was calcined with N2 at 400℃ for 5 hours. The calcined powder was 
reacted with 2 M KOH for 2 hours at 80℃ in a 1:5 ratio. The precipitate was then washed until 
the pH was neutral. The second stage was the synthesis of magnetite using the coprecipitation 
method, with steps following previously reported research [25]. The iron sand was cleaned, 
dried in the sun, and separated using a strong magnet to obtain Fe3O4 powder. Next, 20 grams 
of Fe3O4 powder was reacted with 37% HCl under stirring for 30 minutes at 720 rpm to form 
FeCl2 and FeCl3 solutions. The solution was then titrated with 25 mL of 25% NH4OH to form 
a magnetite precipitate. This reaction was carried out referring to Equations (1) and (2). The 
obtained magnetite precipitate was then washed to a neutral pH, followed by drying at 100 
oC. The third stage was the synthesis of a magnetite/activated carbon nanocomposite, in 
which magnetite powder and activated carbon with a mass ratio of 40:3 were dissolved in 100 
mL of deionized water under stirring for 1 hour at 720 rpm. The precipitate was then dried at 
100 oC to obtain magnetite-activated carbon nanocomposite powder. 

Fe3O4(s) + 8HCl(l) → 2FeCl3(l) + FeCl2(l) + 4H2O(l)                                               (1) 

2FeCl3(l) + FeCl2(l) + 4H2O(l) + 8NH4OH(l)  → Fe3O4(s) + 8NH4Cl(l) + 8H2O(l)   (2) 

The magnetite/activated nanocomposite was further characterized using XRD, SEM-EDX, 
FTIR, and BET to determine its structure, morphology, elemental content, functional groups, 
and total surface area and pore volume. Furthermore, a Pb adsorption test was carried out at 
pH 5 and an initial concentration of 23.23 ppm, while MB at pH 6 and an initial concentration 
of 14.73 ppm with an adsorbent dose of 0.05 g/25 mL, temperature of 27°C, stirrer speed of 
650 rpm, and contact time variation of 5 to 30 minutes to determine the adsorption kinetics. 
Furthermore, adsorbent separation was performed using an external magnetic bar to attract 
the magnetite/activated carbon nanocomposite, after which the adsorbed Pb and MB 
solutions were characterized by AAS and UV–Vis spectroscopy. The adsorption standards 
reported in this study are adsorption efficiency and capacity, as well as adsorption kinetics to 
determine the adsorption rate and the time required to reach adsorption equilibrium. 

Result and Discussion 

The XRD results in Figure 1(a) show the diffraction pattern of the magnetite/activated carbon 
nanocomposite, refined using AMCSD 0007423 data. Magnetite diffraction peaks were 
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detected at 2θ = 30.3°, 35.5°,  43.8°, 57.4°, and 62.9° with hkl planes (220), (311), (400), (511), and 
(440). These diffraction peaks confirmed that the nanocomposite has an inverse cubic spinel 
structure with lattice parameters α = β = γ = 90°, which belongs to the Fd-3m space group, as 
illustrated in Figure 1(b). Magnetite nanoparticles consist of Fe³⁺ and Fe²⁺ ions, shown in blue, 
and O²⁻ ions, shown in yellow. Fe³⁺ ions occupy tetrahedral and octahedral positions, while 
Fe²⁺ ions occupy half of the octahedral positions [27]. Simultaneously, activated carbon 
particles expand at 2θ = 20–26° with low intensity and amorphous nature, so that magnetite 
nanoparticles dominate the diffraction of the nanocomposite [28]. Based on these results, the 
magnetite/activated carbon nanocomposite was successfully synthesized with high purity. 
Furthermore, the crystallite size and lattice parameters of magnetite were determined to be 
11.03 nm and 8.353 Å, respectively.  

 
Figure 1. (a) Diffraction pattern of magnetite/activated carbon nanocomposites; and (b) crystal 

structure of magnetite 

The morphology of the magnetite/activated carbon nanocomposite from SEM 
characterization with magnification of 100.000 times is shown in Figure 2(a). Magnetite 
nanoparticles are spherical and tend to agglomerate [29]. This is due to their relatively small 
size, which results in high surface energy and frequent particle collisions. As a result, the 
particles attract each other and condense to form secondary particles [30]. Meanwhile, the 
morphology of activated carbon is characterized by the presence of irregular pores as a matrix 
for magnetite growth [17]. Meanwhile, magnetite growth begins with Brownian motion, which 
is limited by the activated carbon surface due to its high surface energy. This condition is 
suitable for a magnetite dispersion medium [31,32]. As a result, the movement space of 
magnetite becomes limited, forming clusters, and magnetite impregnation occurs on the 
surface of activated carbon.  
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Figure 2. SEM images of (a) surface morphology at 100,000× magnification, (b) particle size 

distribution, and (c) EDX spectrum of magnetite/activated carbon nanocomposites 

The average particle size distribution of the magnetic/activated carbon nanocomposite was 
determined to be 35.53 ± 0.83 nm, as shown in the histogram in Figure 2(b). The SEM particle 
size is larger than the XRD crystallite size because the XRD crystallite size indicates the size of 
a single crystal, while the SEM particle size indicates the size of particles (grains) composed of 
many single crystallites [33]. In addition, SEM characterization only shows the surface 
morphology of the nanocomposite, so that the observed size is not the primary particle but the 
aggregate size due to agglomeration [34,35]. Thus, the SEM particle size obtained is larger. 
Then, the EDX spectrum of the nanocomposite shown in Figure 2(c) detected iron (Fe) and 
oxygen (O) elements from magnetite, as well as carbon (C) element from activated carbon. This 
result is supported by previous studies, which reported that activated carbon consists of 
approximately 90% C elements, and magnetite consists of Fe and O [36]. This result is 
consistent with the XRD results, which show that the nanocomposite is composed solely of 
magnetite and activated carbon, with no impurities from other materials. 

 
Figure 3. FTIR spectrum of magnetite/activated carbon nanocomposites 

Figure 3 shows the FTIR spectrum of magnetite/activated carbon nanocomposite. The 
presence of magnetite nanoparticles was identified by Fe–O vibrations at 428 cm–1 
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(octahedral) and 523 cm–1 (tetrahedral) [37,38]. These two functional groups confirm that 
magnetite has an inverse cubic spinel structure (Fe3+)A[Fe2+Fe3+]BO4 with trivalent ions in the 
tetrahedral and octahedral spaces, while all divalent ions occupy half of the octahedral space 
[39–42]. Furthermore, vibrations at 743 cm–1 and 2896 cm–1 were observed, which confirmed 
the cis C–H and C–H stretching bonds of activated carbon [43]. In addition, the vibrations of 
C–C, C–H (CH2 and CH3), C=C, and C=O at 873, 1351, 1533, 1621, and 2353 cm–1 also originate 
from activated carbon [44,45]. Furthermore, the presence of O–H groups at 3411 cm–1 indicates 
the stretching of hydroxyl groups on the surface of the nanocomposite [46].  

Furthermore, the BET results showed that the magnetite/activated carbon nanocomposite had 
a specific surface area of 196.35 m2/g with a total pore volume of 0.333 cm3/g. Based on the 
IUPAC classification, the N2 adsorption-desorption isotherm curve of the magnetite/activated 
carbon nanocomposite shown in Figure 4(a) corresponds to a type IV isotherm characterized 
by a hysteresis loop-shaped N2 adsorption–desorption isotherm curve at a relative pressure 
(P/P0) of 0.46–0.98. At low relative pressure, adsorption occurs in a monolayer on the 
nanocomposite surface. When the relative pressure is increased, adsorption occurs in a 
multilayer manner, and capillary condensation occurs. This IUPAC type IV curve also 
indicates that most of the nanocomposite pores are composed of mesopores (2–50 nm) [47]. 
This is reinforced by pore diameter distribution measurements using the BJH method, which 
show that the nanocomposite has an average pore diameter of 4.691 nm (Figure 4(b)). 

 
Figure 4. (a) N2 adsorption–desorption isotherms; and (b) pore diameter of magnetite/activated 

carbon nanocomposites 

Adsorption kinetics is the first step to evaluate in the adsorption process, as kinetic behavior 
determines the adsorption mechanism in magnetite/activated carbon nanocomposites. In this 
case, the adsorption performance can be studied using Equations (3) and (4) to find the 
adsorption efficiency and capacity. 

𝑅 =
𝐶𝑖−𝐶𝑓

𝐶𝑖
× 100%                                                                        (3)  

𝑞𝑒 =
(𝐶𝑖−𝐶𝑓)×𝑉

𝑊
                                                                                (4)  
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where R represents the adsorption efficiency (%), then 𝐶𝑖, 𝐶𝑓, and represent initial and final 

concentrations (mg/L), V represents volume (L), W represents mass of the reacted 
nanocomposite (g), and 𝑞𝑒 represents adsorption capacity (mg/g).  

Table 1. Initial concentration, final concentration, and adsorption efficiency of magnetite/activated 
carbon nanocomposites on Pb(II) and methylene blue. 

Adsorbate Contact time 
(minutes) 

Initial concentration 
(ppm) 

Final concentration 
(ppm) 

Efficiency 
(%) 

Pb(II) 5 23.23 1.040 95.54 ± 2.87 

10 23.23 0.330 98.56 ± 2.96 

15 23.23 0.310 98.68 ± 2.96 

20 23.23 0.220 99.05 ± 2.97 

25 23.23 0.110 99.51 ± 2.99 

30 23.23 0.100 99.56 ± 2.99 

Methylene blue 5 14.73 0.629 95.73 ± 2.87 

10 14.73 0.851 94.22 ± 2.83 

15 14.73 0.748 94.93 ± 2.85 

20 14.73 0.438 97.02 ± 2.91 

25 14.73 0.559 96.19 ± 2.87 

30 14.73 0.776 94.74 ± 2.84 

The results of the kinetic calculations of the lead and MB adsorption process are written in 
Table 1. The adsorption kinetics were investigated over a contact time of 5–30 minutes with 
an adsorbent dose of 0.05 g/25 mL and initial concentrations of lead and MB of 23.23 ppm 
and 14.73 ppm, respectively. Based on Table 1, the concentrations of Pb and MB in the solution 
decrease with increasing contact time, with the initial concentrations of 23.23 ppm for Pb and 
14.73 ppm for MB decreasing to 0.100 ppm and 0.776 ppm, respectively, after 30 minutes of 
adsorption. This decrease confirms that Pb and MB in solution are adsorbed by the 
nanocomposite, thereby reducing contaminant concentration. Based on Figure 5(a), the 
adsorption performance of magnetite/activated carbon nanocomposites towards Pb(II) 
reached 95.54% in 5 minutes, then gradually increased to a balance point at 25 minutes, where 
it reached 99.51%. The increase in the adsorption value occurred because, at the contact time 
of 5 minutes, there were still active sites available for the nanocomposite to adsorb Pb(II) 
[48,49]. After 25 minutes, all active sites were fully occupied by Pb(II) ions, indicating 
saturation. Meanwhile, the adsorption of MB by the magnetite/activated carbon 
nanocomposite reached equilibrium at 20 minutes, with an adsorption performance of 
97.02%, and decreased with increasing contact time (Figure 5(c)). This occurs because, at 20 
minutes of contact time, all active sites are occupied by MB ions, so the nanocomposite surface 
is no longer able to bind the remaining MB ions. As a result, when the contact time is 
increased, some MB ions are released back from the nanocomposite surface, and the efficiency 
decreases [50]. 

In general, the adsorption kinetics were investigated using three models, namely pseudo-first 
order (PFO), pseudo-second order (PSO), and intra-particle diffusion following Equations (5), 
(6), and (7) [51].  

𝑙𝑜𝑔(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑜𝑔 𝑞𝑒 − 𝐾1𝑡                                                         (5)  
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𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒
2 +

1

𝑞𝑒
𝑡                                                                                (6)  

𝑞𝑡 = 𝐾𝑖𝑡
1

2 + 𝑐                                                                                   (7)  

where 𝑞𝑒 and 𝑞𝑡 represent adsorption capacity at the equilibrium point and specific time 
(mg/g), t for time (minutes), 𝐾1, 𝐾2, and 𝐾𝑖 denotes the constants of the three kinetic models, 
and c represents the intersection point on the graph. 

 

Figure 5. (a) Kinetics of Pb(II) adsorption with variations in contact time, (b) pseudo-second 
order (PSO) against Pb(II), (c) kinetics of methylene blue adsorption with variations in contact 

time, (d) pseudo-second order (PSO) against methylene blue with a dose of 0.05 g/0.025 L 

Figure 5(b) and (d) show the PSO modeling results for Pb(II) and MB ions. Based on Table 2, 
the R2 values for Pb(II) from PFO, PSO, and intra-particle diffusion modeling are 0.8629, 
1.0000, and 0.7846, respectively, while for MB, the R2 values are 0.0034, 0.9995, and 0.0276, 
respectively. The closer the R2 value is to 1, or even equal to 1, the more accurate the kinetic 
model. Based on these results, the kinetics of magnetite/activated carbon nanocomposites fit 
the PSO model, in which the adsorption rate is proportional to the number of active sites on 
the nanocomposite surface [52]. PFO and PSO modeling here can only be used to investigate 
the rate-limiting step, and the involvement of physical or chemical interactions cannot be 
explained, as this requires further research on adsorption thermodynamics [53,54]. 
Furthermore, Table 2 shows that the adsorption capacities of Pb(II) and MB ions at 
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equilibrium are 11.6550 mg/g and 7.0373 mg/g, which are not much different from the 
experimental results of 11.5633 mg/g and 7.3513 mg/g. This shows the agreement between 
the experimental data and the theory. The results obtained in this study are higher than those 
from previous studies (Table 3).  

Table 2. Comparison of parameter calculation results from adsorption kinetics modeling. 

Adsorption Kinetic model Parameter Value 

Pb(II) PFO qe (mg/g) 1.3198 

qexperiment (mg/g) 11.5633 

k1 0.0856 

R2 0.8629 

PSO qe (mg/g) 11.6550 

qexperiment (mg/g) 11.5633 

k2 0.3737 

R2 1.0000 

Intra-particle 
diffusion 

qexperiment (mg/g) 11.5633 

k 0.1284 

c 10.92 

R2 0.7846 

Methylene 
blue 

PFO qe (mg/g) 0.1599 

qexperiment (mg/g) 7.3513 

k1 -0.0026 

R2 0.0034 

PSO qe (mg/g) 7.0373 

qexperiment (mg/g) 7.3513 

k2 67.308 

R2 0.9995 

Intra-particle  
diffusion 

qexperiment (mg/g) 7.3513 

k 0.0106 

c 6.9899 

R2 0.0276 

Several previous studies listed in Table 3 show magnetite adsorption capacities of 4.11, 1.07, 
and 0.67 mg/g [55,56]. Meanwhile, natural carbon-based adsorbent materials from clay 
honeycomb monolith, walnut shell, and chitin showed adsorption capacities of 1.14, 9.79, and 
6.90 mg/g, respectively [57–59]. Magnetite/activated carbon nanocomposites adsorbed Pb at 
11.66 mg/g and MB at 7.34 mg/g. These values are higher than the Pb adsorption capacity of 
commercial activated carbon of 10.77 mg/g [60]. In addition, the equilibrium time for Pb 
adsorption with the nanocomposite is faster, at 25 minutes, compared to 24 hours for 
commercial activated carbon (Table 3). This indicates that after adding magnetite, the 
adsorption capacity increases, classified as moderate. This increase in adsorption 
performance can be attributed to the irregular pore morphology of activated carbon (Figure 
2). This pore irregularity leads to higher activation, thereby increasing the number of active 
sites [61]. With these active sites present, the adsorbate that diffuses into the pores of the 
activated carbon will bind to them and be adsorbed by the nanocomposite, thereby increasing 
the adsorption capacity. Furthermore, BET characterization results confirm that the 
nanocomposite has a high surface area, thereby increasing the surface or contact area 
available for adsorbing Pb and MB. Based on this, magnetite/activated carbon 
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nanocomposites are promising for wastewater treatment due to their high performance, 
abundant and inexpensive raw materials, and simple application. The application of 
magnetite/activated carbon nanocomposites does not require high temperatures; at 27 ℃, it 
can absorb >95% of Pb(II) and MB ions. Magnetite/activated carbon nanocomposites also 
exhibit magnetic properties that facilitate the separation of adsorbents from solutions, 
preventing them from becoming secondary pollutants.  

Table 3. Comparison of magnetite/activated carbon nanocomposites with other adsorbents against 
Pb(II) and MB. 

Adsorbent 
material 

Adsorbate Treatment 
Adsorption 

capacity (mg/g) 
Reference 

Magnetite 
nanosphere 

Pb(II) pH 5, initial concentration 10 ppm, 
temperature 25℃, contact time 48 

hours 
4.11 [55] 

Clay 
honeycomb 

monolith 

Pb(II) pH 4.5, initial concentration 30 
ppm, dose 0.6 g/40 mL, 

temperature 25℃, contact time 150 
minutes, stirrer speed 150 rpm 

1.14 [57] 

Walnut Shell Pb(II) pH 4, initial concentration 100 ppm, 
dose 1 g/250 mL, temperature 25℃, 

contact time 30 minutes, shaker 
speed 250 rpm 

9.79 [58] 

Commercial 
activated 

carbon 

Pb(II) Initial concentration 500 ppm, dose 
2.5 g/50 mL, contact time 24 hours, 

stirrer speed 180 rpm 
10.77 [60] 

Magnetite 
nanoparticles 

modified 
with fig leaf 

extract 

MB pH 8, initial concentration 4 ppm, 
dose 0.05 g/20 mL, room 

temperature, contact time 30 
minutes, stirrer speed 1500 rpm 

1.07 [56] 

Magnetite 
nanoparticles 

modified 
with azolla 

extract 

MB pH 8, initial concentration 4 ppm, 
dose 0.03 g/20 mL, room 

temperature, contact time 30 
minutes, stirrer speed 1500 rpm 

0.67 [56] 

Chitin 
nanoparticles 

MB pH 6, initial concentration 10 ppm, 
dose 0.015 g/15 mL, temperature 

25℃, contact time 30 minutes, 
stirrer speed 150 rpm 

6.90 [59] 

Magnetite/ 
activated 

carbon 
nanocomposi

te 

Pb(II) 
 
 
 
 

MB 

pH 5, initial concentration 23.23 
ppm, dosage 0.05 g/25 mL, 

temperature 27℃, contact time 25 
minutes, stirrer speed 650 rpm 

 
pH 6, initial concentration 14.73 

ppm, dosage 0.05 g/25 mL, 
temperature 27℃, contact time 20 

minutes, stirrer speed 650 rpm 

 

11.66 

 

 

7.34 

This work 
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According to the PSO model, the adsorption rate is influenced by the active sites on the 
nanocomposite, such as the O–H and C=O groups detected in the FTIR spectrum. The O–H 
group is a negatively charged group that allows electrostatic interactions with the Pb(II) and 
MB cations. In addition to electrostatic interactions, there are other interactions in the 
adsorption of Pb(II), namely surface complexation and Pb2+–π electron interactions [62–66]. 
This surface complexation will dominate Pb(II) adsorption, with the C=O and O–H groups 
binding to Pb(II) to form C=O–Pb and O–H–Pb. Meanwhile, the adsorption of MB occurs due 
to hydrogen bonds and π–π interactions [67–69]. Hydrogen bonds occur between the O–H 
group and the nitrogen atom of MB, and π–π interactions occur between the aromatic 
activated carbon structure and the benzene ring of MB. These interactions help mobilize Pb(II) 
and MB ions at the magnetite/activated carbon nanocomposite surface, enabling rapid 
adsorption onto its empty active sites. Once all adsorption sites have been filled, the Pb(II) 
and MB ions attached to the nanocomposite surface will gradually diffuse into the activated 
carbon pores until equilibrium is reached. 

Conclusion 

Magnetite/activated carbon nanocomposites have been successfully synthesized via 
coprecipitation. This success was confirmed by XRD, SEM-EDX, and FTIR results. XRD results 
show that magnetite has an inverse cubic spinel structure and activated carbon has an 
amorphous structure. The magnetite/activated carbon nanocomposite has a porous 
morphology, which is advantageous for adsorption because it provides numerous active 
adsorption sites. The pores were confirmed by BET with a total pore volume of 0.333 cm3/g. 
In addition, the presence of O–H and C=O functional groups enhances the interaction of Pb(II) 
and MB ions with the nanocomposite surface, thereby increasing the adsorption potential. 
Furthermore, the adsorption analysis results showed that the magnetite/activated carbon 
nanocomposite reached equilibrium adsorption of Pb(II) ions at a contact time of 25 minutes, 
with an adsorption efficiency of 99.51% and a capacity of 11.6550 mg/g. Meanwhile, MB 
adsorption reached equilibrium at 20 minutes, with an adsorption efficiency of 97.02% and a 
capacity of 7.3421 mg/g. With these results, magnetite/activated nanocomposites derived 
from iron sand and coconut shells have great potential as adsorbents for lead and MB. To 
achieve optimal absorption performance, subsequent research should conduct a 
comprehensive study of adsorption parameters, including isotherms, thermodynamics, pH 
effects, and adsorbent dosage. 
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