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 Abstract: According to the World Bank study, approximately 17–20% of water 
contamination is attributed to the textile industry. The quantity of waste produced 
increases as a result of increased productivity. Textile wastewater contains dyes such as 
rhodamine B (RhB), which are hazardous and challenging to remove using standard 
methods. Adsorption utilizing nano-adsorbents has been widely researched and 
developed to remove dyes from the environment because of its numerous advantages. 
Graphene oxide-magnetite (GO-Fe3O4) has been extensively explored as an adsorbent due 
to its large surface area, strong bonding, and ease of separation from water. In this study, 
GO-Fe3O4 was synthesized by combining GO from coconut shell with Fe3O4 from iron 
sand as an absorbent to lower the amount of RhB. Various analytical techniques, 
including XRD, SEM-EDS, TEM, FTIR, and UV-vis, were employed to examine the 
properties of the composites. The GO-Fe3O4 exhibited a maximum adsorption capacity of 
34.590 mg/g under specific conditions, i.e., 0.5 g adsorbent dosage, pH 4, and a 2 h contact 
time. The adsorption followed the pseudo-second-order kinetics model with 0.00016 mg/g 
min adsorption rate while the adsorption isotherm followed the Langmuir model where 
adsorbent surfaces are spread homogeneously by forming a monolayer. 

Keywords: adsorption; coconut shell; graphene oxide-Fe3O4; nano-adsorbent; 
rhodamine B 

 
■ INTRODUCTION 

The textile, paper, tanning, and printing sectors 
frequently employ dyes in their industrial processes. 
China is the world leader in textile production and 
exports. Based on China's yearly ecological environment 
data, textile effluent in the country amounted to roughly 
184 million tons in 2021 [1]. The dyeing and finishing 
processes account for approximately 80% of the 
wastewater and contaminants produced by the entire 
textile industry [2]. The complex aromatic molecular 
structures of dyes render them highly stable and resistant 
to biodegradation. Moreover, many dyes are toxic and 
carcinogenic [3-4]. One of the most commonly used 
synthetic dyes is rhodamine B (RhB), which, when 
present in excessive amounts in the environment, can 
raise the pH of the water, thus affecting microorganisms, 
plants, and animals. RhB can enter the human body 

through the food chain, and excessive intake can cause 
liver and kidney degeneration, skin irritation, 
pulmonary inflammation, hemolysis, and comparable 
conditions when it surpasses the highest permissible 
level (tolerance threshold) of 140 μg/L [5-9]. Currently, 
the methods for dealing with RhB waste include 
membrane filtration [10], electroplating [11], 
adsorption [12], and coagulation [13]. Among these 
methods, the adsorption method is considered superior 
owing to its flexibility, abundant resources, low cost, 
ease of performance, and non-toxic final product [14]. 
In recent years, there has been a significant increase in 
research on RhB adsorption using various adsorbents. 
Some adsorbents, such as zeolites, activated charcoal, 
and magnetite can be used, however, the adsorption 
process is less effective and leads to the production of 
sludge, posing a new challenge [15]. 
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Graphene oxide (GO) is a promising adsorbent due 
to its reusable nature, large surface area, and strong 
adsorption ability [16-18]. These properties were 
attributed to the existence of hydrophilic oxygen-
containing functional groups and negatively charged 
surfaces in acidic environments. The modified Hummers 
method is the most effective approach for synthesizing 
GO [19]. The production of GO necessitates graphite 
derived from biomass waste, such as coconut shells. These 
shells exhibit exceptional characteristics, including being 
rich in carbon and serving as an eco-friendly solid fuel 
alternative to other biomass sources and coal materials 
[20]. GO can be combined with various materials, 
including Fe3O4. 

Magnetic separation is a more convenient process 
when using superparamagnetic Fe3O4. This method has 
several advantages, such as its capacity to easily separate 
phases in aqueous solutions and its ability to treat large 
amounts of wastewater quickly, making it efficient and 
cost-effective. Consequently, numerous studies have been 
conducted on the synthesis of magnetic materials and 
their use for separation, with a particular emphasis on dye 
removal [15,21-22]. 

North Sulawesi is rich in coconut plantations and 
beaches containing iron sands. According to Directorate 
General of Estate Crops, 2022, Statistical of National 
Leading Estate Crops Commodity 2020-2022, coconut 
plantation products in North Sulawesi Province reached 
270,515 tons [23]. North Sulawesi boasts several beaches, 
including Hais, Minanga, Lalow, and Lolan, which 
possess a considerable quantity of iron sand that can be 
transformed into magnetite [24-25]. This study examined 
the application of GO-Fe3O4 in removing RhB dye, 
contributing to the quest for environmentally friendly 
and secure alternative methods of water treatment. 

■ EXPERIMENTAL SECTION 

Materials 

Coconut shells and iron sand were sourced from 
Tetey Village and Watuliney Village, respectively, both 
located in Southeast Sulawesi, Indonesia. The chemicals 
utilized in this study, such as hydrochloric acid (HCl, 
37%), hydrogen peroxide (H2O2, 30%), sodium hydroxide 

(NaOH, 99.9%), sulfuric acid (H2SO4, 98%), nitric acid 
(HNO3, 63%), ammonium hydroxide (NH4OH, 25%), 
potassium permanganate (KMnO4, 99.9%), and RhB 
(C28H31ClN2O3) were procured from Merck, Germany. 

Instrumentation 

The equipment used is glassware (Pyrex), 200 
mesh sieve (KZM), filter paper (Whatman 42), herb 
grinder (FCT-Z100), magnetic stirrer (Witeg MS-20D), 
oven (Memmert UM 200), muffle furnace (SESW-1225), 
analytical scales (FA2204G), FTIR (Thermo Scientific 
Nicloet iS10), XRD (Beruder AXS D8 Advance ECO), 
SEM-EDS (JSM-6510LA), TEM (JEOL HT-7700), and 
UV-vis (Shimazu UV-1800). 

Procedure 

Iron sand preparation 
The procedure of iron sand preparation was 

carried out using the acid treatment technique. Initially, 
the sample was washed with running water, and then 
heated at 100 °C for 24 h. After heating, it was crushed 
and sifted using a 200-mesh sieve. The iron sand powder 
was subsequently separated using a permanent magnet. 
An amount of 20 g of iron sand powder was combined 
with 70 mL of 37% HCl and agitated at 400 rpm for 
60 min at 70 °C. The resulting solution was then filtered 
to obtain the liquid filtrate, which was subsequently 
utilized in subsequent synthesis processes. 

Synthesis of graphite 
The process of graphite synthesis was carried out 

using a previous method [26], which comprised several 
stages. Initially, the coconut shell was thoroughly 
cleaned and then crushed into a smaller size. The 
samples were placed in an oven and allowed to desiccate 
overnight at 50 °C. The dried coconut shells were 
ground into a fine powder using a grinder and sifted 
through a 200-mesh sieve. The sample was then 
carbonized at a temperature of 600 °C for 3 h to produce 
graphite, which was subsequently sifted through a 200-
mesh sieve. The sifted graphite was added to 40% 
hydrofluoric acid in a ratio of 1:3 (w/v) and stirred at 
45 °C for 3 h. Subsequently, the graphite underwent 
washing with a 0.1 M NaOH solution until the pH 
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reached a neutral level. It was then dried in an oven at 
110 °C for 12 h. 

Synthesis of GO 
The synthesis of GO was carried out using a 

modified Hummer method [5]. Specifically, 3 g of graphite 
was combined with 70 mL of H2SO4 in a low temperature 
(10–15 °C) bath and stirred at 600 rpm for 30 min. 
Subsequently, 9 g of KMnO4 was added to the solution, 
which was then transferred to an oil bath and stirred for 
30 min at 45 °C. Following this, 150 L of aqueous was 
added to the solution and stirred for 15 min at 95 °C. Next, 
500 mL of aqueous solution was added, followed by a 
dropwise addition of 15 mL of H2O2. The resulting solution 
was filtered and the precipitate was washed with 250 mL 
of 10% HCl. Finally, the characterization of the resulting 
GO was performed using SEM-EDS, FTIR, and XRD. 

Synthesis of GO-Fe3O4 
The synthesis of GO-Fe3O4 nanocomposites was 

achieved through the application of a modified method 
[27-28]. Initially, 0.2 g of GO was suspended in 200 mL of 
aqueous solution, which was subjected to sonication for 
1 h to form a stable suspension. After that, 5 mL of iron 
sand filtrate was added to the suspension and sonicated for 
30 min. Subsequently, 100 mL of 25% NH4OH was added 
dropwise until the pH of the mixture reached 11–12. The 
solid product was obtained by stirring the mixture at 85 °C 
for 4 h and then filtration. The properties of the solid 
product were analyzed by FTIR, SEM-EDS, TEM, and 
XRD. 

■ RESULTS AND DISCUSSION 

Characterization 

XRD analysis 
The crystal structure of synthesized magnetic 

nanoparticles was evaluated using XRD analysis. XRD 
patterns were obtained for coconut shell powder (CSP), 
graphite, GO, GO-Fe3O4 nanocomposite and are shown 
in Fig. 1. 

The predominant diffraction maxima observed for 
CSP are around 15.9, 21.9 and 34.6°, which represents 
cordierite (Mg2Al4Si5O18), quartz (SiO2), and moissanite 
(SiC), respectively [29], with quartz having the high 
intensity.  The diffraction  occurring at 2θ of 22  and 44.5°  

10 20 30 40 50 60 70 80

In
te

n
si

ty
 (

a.
u

.)

2θ ()

111 220 311

400

440
444

GO

CSP

JCPDS 19-0629
Fe3O4

Graphite

002
001

002

101
100

221

GO-Fe3O4

 
Fig 1. XRD pattern of JCPDS 19-0629, CSP, graphite, 
GO, and GO-Fe3O4 

represents silicate minerals and sodalities, respectively 
[30]. Following the carbonization process, the CSP 
transformed into graphite. The graphite displayed peaks 
at 2θ values corresponding to the typical lattice planes of 
graphitic carbon, specifically (002), (100), (101), and 
(221), as indicated in the Joint Committee on Powder 
Diffraction Standards (JCPDS: 01-075-1621). 

The graphite oxidation process has been observed 
to shift peaks at (002) and (001) to 24.67 and 43.24°, 
respectively, which suggests that the graphite has been 
fully oxidized into GO. The rise in peak positions can be 
ascribed to the intercalation of oxide functional groups, 
such as epoxy, hydroxyl, carbonyl, and carboxyl groups, 
at the carbon basal plane during the chemical oxidation 
reaction [26,31]. This intercalation leads to an expansion 
in the distance between consecutive carbon layers. 

For the GO-Fe3O4 nanocomposites spectrum, this 
diffraction peak disappears, confirming that the stacking 
of GO sheets in the nanocomposite was almost 
disordered. The peaks of (111), (220), (331), (400), (440), 
and (444) for GO-Fe3O4, as well as the peak at 35.44°, 
align with the cubic inverse spinel structure of 
magnetite, according to the JCPDS: 00-19-0629. This 
result is consistent with the findings of Gautam's 
research [32]. According to the Debye–Scherrer’ (Eq. 
(1)), the GO-Fe3O4 nanoparticles indicated the average 
crystalline size (d) of about 8.81 nm, which was 
calculated based on β as the width at half-maximum of the  
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main peak (311) refection at 2θ = 35.6°. 
Kd
cos



 

 (1) 

The parameters of this equation include K (0.9), λ 
(0.154 nm), and θ, which represent the constant, 
wavelength, and Bragg's angle, respectively. 

FTIR analysis 
The synthesized products were analyzed with FTIR, 

which investigates functional groups in CSP, graphite, GO, 
and GO-Fe3O4. FTIR spectrum of the CSP is shown in Fig. 
2. From the gained result, the band shifting around the 
broad peak at 3347 cm−1 indicates the possible involvement 
of the O–H group. The peak at 2911 cm−1 is due to the C–
H stretching that causes vibrations of CH, CH2, and CH3 
groups. In 1732 cm−1, the vibration of the group C=O 
appears. The absorption bands at about 1573 cm−1 show 
the characteristic of C=C aromatic rings. That can be seen 
in the increments in the C–O and bands at 1239 and 
1079 cm−1. The peak at 899 cm−1 is attributed to Si–O 
stretching and bending, indicating the presence of silica. 

The FTIR spectra of graphite and graphene oxide are 
shown in Fig. 2. GO exhibits representative peaks at 3432, 
1703, 1702, 1573, 1079 and 741 cm−1 corresponding 
vibration with the flexion of the O–H stretch, C=O 
stretch, aromatic C=C which did not oxidize, C–O stretch, 
C–H stretch, respectively. The FTIR spectrum of the GO 
sample accorded  well with the  previous works  [33]. The 
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Fig 2. FTIR spectrum of CSP, graphite, GO, and GO-
Fe3O4 

FTIR spectrum of the GO-Fe3O4 nanocomposite reveals 
the presence of specific functional groups. At 1573 cm−1, 
the vibration of C=C is detected, while peaks at 1073 and 
1702 cm−1 correspond to the epoxy (C–O) and C=O 
groups, respectively. The degree of absorption at 
3270 cm−1 indicates the existence of O–H groups, which 
suggests the formation of GO. Additionally, a new 
prominent absorption band appears at 569 cm−1 in the 
FTIR spectrum, corresponding to the stretching mode of 
Fe–O, as reported previously [13]. 

SEM-EDS analysis 
The structural morphology and basic composition 

of samples CSP, graphite, GO, and GO-Fe3O4 were 
analyzed using SEM-EDS. The analysis results are 
shown in Fig. 3. The CSP micrograph in Fig. 3(a) shows 
a morphology in the form of clusters with a smooth 
surface. However, after going through the carbonization 
process and removing impurities, a three-dimensional 
structure with smaller size and pores has formed on the 
graphite micrograph in Fig. 3(b). 

The morphology analysis of GO shown in Fig. 3(c) 
indicates a 2D structure with a smooth surface and 
various pore sizes ranging from meso-macro. On the 
other hand, the GO-Fe3O4 sample presents a porous 
texture that can be attributed to the rapid evaporation of 
the GO-Fe3O4 phase during the synthesis process. 
Additionally, small granular particles on the GO surface 
indicate that the Fe3O4 particles have adhered to the GO 
layer, indicating that the GO-Fe3O4 synthesis has been 
completed [11,17]. 

The EDS is shown in Fig. 4. The main components 
of GO are carbon and oxygen, with a carbon and oxygen 
atom ratio of 71.57 and 28.43. This suggests that the 
graphite oxidation process was successful in the 
presence of oxygenated functional groups in GO. The 
EDS analysis of the GO-Fe3O4 sample showed that 
magnetic nanoparticles were incorporated within the 
GO, with the dominant elements being carbon, oxygen, 
and iron, with an atomic ratio of 55.51, 10.40, and 34.09, 
respectively. 

TEM analysis 
The images in Fig. 5 provide a visual representation 

of the morphology of the GO-Fe3O4 composite material.  
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Fig 3. SEM images of (a) CSP, (b) graphite, (c) GO, and (d) GO-Fe3O4 

 
Fig 4. EDS of (a) CSP, (b) graphite, (c) GO, and (d) GO-Fe3O4 
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Fig 5. TEM images and particle diameter distribution 
histogram of the produced GO-Fe3O4 

These images show that the surfaces of GO are uniformly 
coated with black Fe3O4 nanoparticles, which are 
distributed densely. The distribution of these particles is 
such that there is minimal agglomeration [17]. 

Adsorption Experiment 

The adsorption test was performed based on previous 
research [21], which has been modified on adsorbents. 
The test on RhB was carried out at optimum conditions, 
where a total of 0.5 g adsorbent was added to 10 mL of 
4 mg/L RhB. The pH of RhB was adjusted by 0.1 M HNO3 
and 0.1 M NaOH in the range (4, 7, and 10). Adsorption 
isotherms are evaluated at different concentrations (6, 8, 
10, 12, and 14 mg/L). In each adsorption test, the 
adsorbent was separated with magnets, sonicated for 
5 min, and vortexed at 350 rpm. Following these steps, the 
sample was prepared and analyzed with a UV-vis 
spectrophotometer at 554 nm. The effectiveness of GO-
Fe3O4 in removal was demonstrated through the 
adsorption efficiency, which is quantified in terms of the 
amount of adsorbate removed per unit mass of adsorbent 
(qe, mg/g), as well as the percentage of removal, which is 
represented by Eq. (2) and (3); 

0 e

0

C C
R(%) 100%

C


   (2) 

 0 e
e

C C V
q

m


  (3) 

where V represents the volume of dye solution (L), m 
denotes the mass of GO-Fe3O4 (mg), while C0 and Ce denote  
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Fig 6. Adsorption of RhB in different pH values 

the initial and equilibrium concentrations of RhB 
(mg/L), respectively [34]. 

Effect of initial pH 
Determination of the optimum pH of RhB 

adsorption using adsorbents of research samples is 
presented in Fig. 6. The impact of pH on the adsorption 
of dye was examined over a range of pH values from 4, 
7, and 10. Fig. 6 demonstrates that the efficiency of RhB 
removal gradually declines as the pH rises from 4 to 10. 
This phenomenon can be attributed to the transformation 
of RhB from its cationic and monomeric form to a 
zwitterionic state at lower pH levels, forming larger 
molecular aggregates. These aggregates hinder the π–π 
interactions between RhB molecules and GO's aromatic 
rings [35]. Interestingly, when the pH exceeds 7, a slight 
increase in removal efficiency is observed, owing to the 
electrostatic attraction between RhB and the negatively 
charged GO in alkaline conditions. Despite these 
variations, the composites maintain satisfactory 
efficiency for RhB removal across a wide pH spectrum. 

Effect of contact time 
Fig. 7 shows that the optimum contact duration is 

120 min, yielding a qe of 0.0713 mg/g (89.16%). The 
adsorption rate experiences a sharp increase during the 
initial contact period, followed by a gradual deceleration 
over time until equilibrium adsorption is achieved 
within the 90–180 min range. The system reaches 
equilibrium within 30 min. In the early stages (30 min),  
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Fig 7. The graph depicts the adsorption capacity versus 
time of contact of GO-Fe3O4 

the rapid dye adsorption may be attributed to the 
abundance of active sites on the GO-Fe3O4 surface. The 
adsorption quantity on the adsorbent rises dramatically 
and is typically governed by the diffusion process from the 
bulk solution to the adsorbent surface. During the final 
phase, the dye adsorption quantity likely becomes an 
attachment-controlled process due to the diminished 
availability of sorption sites [36]. 

Kinetic studies 
To investigate the mechanism of RhB adsorption 

onto the adsorbent, pseudo-first-order (PFO) and pseudo-
second-order (PSO) models were utilized to investigate 
the mechanism of RhB adsorption onto the adsorbent. 
The linearized forms of these models are expressed using  
 

the Eq. (4–5) [37]: 

Pseudo-first-order:   1
e t e

k
log q q log q t

2.303
    (4) 

Pseudo-second-order: 2t e2 e

t 1 1
q qk q

   (5) 

where qe and qt represent the amounts of dye adsorbed 
at equilibrium (mg/g) and at any given time t (mg/g), 
and k1 and k2 denote the adsorption constants of PFO 
and PSO, respectively. 

A linearization plot for RhB adsorption onto GO-
Fe3O4 nanocomposites is presented in Fig. 8. This graph 
assesses the adsorption mechanism and investigates how 
the contact time affects the quantity of RhB adsorbed. 
The study's experimental findings were analyzed using 
PFO and PSO kinetics models. The PFO kinetic assumes 
that adsorption is controlled by diffusion and mass 
transfer of the adsorbate to the adsorption site of the 
adsorbent, whereas the PSO kinetic model assumes that 
adsorption occurs through chemisorption [38]. 

The PSO kinetics model demonstrated the best fit 
for the experimental data concerning RhB, as evidenced 
by the correlation coefficients (R2) for both models, with 
the latter achieving an R2 value of 0.98477. Table 1 shows 
that the theoretical qe value (qe,cal) derived from the PSO 
model is closely aligned with the experimental values 
(qe,exp). The adsorption process of RhB onto GO-Fe3O4 
exhibited a strong correlation with the PSO model, 
further supporting the notion of adsorption via 
electrostatic  interactions.  Under  acidic  conditions,  the 
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Fig 8. (a) PFO and (b) PSO graph of GO-Fe3O4 nanocomposite 
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Table 1. Parameters of kinetic models for adsorption of RhB to nanocomposites GO-Fe3O4 
Pseudo-first-order Pseudo-second-order 

qe,exp (mg/g) qe,cal (mg/g) k1 (min−1) R2 qe,exp (mg/g) qe,cal (mg/g) k2 (mg/g min) R2 
0.06803 0.00929 0.00800 0.76390 0.06803 0.06870 0.00016 0.98470 

 
oxygen-containing functional groups (–OH and –COOH) 
on the GO surface became protonated, resulting in robust 
electrostatic attractions between the negatively charged 
RhB molecules and the positively charged adsorbent 
surfaces. These interactions were primarily facilitated by 
the positive groups (=NH+(C2H5)2) present in the RhB dye 
structure. 

Effect of initial concentration 
The effect of initial concentration is carried out to 

see the adsorption mechanism on the increase in initial 
concentration. In Fig. 9, the adsorption capacity increased 
from 0.1110 to 0.2404 mg/g, while the adsorption 
percentage of GO-Fe3O4 decreased from 92.51 to 85.87% 
in the increase in the initial concentration of RhB. The 
adsorption capacity is inversely proportional to the 
adsorption percentage when the initial concentration 
increases RhB. This is because the number of molecules of 
RhB increases with the increase in initial concentration. 
However, the surface area of GO-Fe3O4 is limited, thus 
increasing the adsorption capacity, but the adsorption 
percentage is reduced [39]. So, the maximum amount of 
RhB administered is 0.111 mg/g (92.51%) at a 
concentration of 6 mg/L. 
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Fig 9. Graph of initial concentration of RhB to 
%adsorption (black) and adsorption capacity (red) at the 
optimum time 

Isotherm Studies 

In order to further investigate the adsorption 
mechanism of RhB onto GO-Fe3O4, the adsorption data 
were analyzed with the Langmuir, Freundlich, Temkin, 
and Dubinin-Radushkevich [40] isotherm models. The 
linearized versions of the models are represented by Eq. 
(6–9): 

Langmuir: e e

e m L m

C C1
q q K q

   (6) 

Freundlich: e f e
1log q log K log C
n

  (7) 

Temkin: e eq BlnA BlnC   (8) 
Dubinin-Radushkevich: 2

e m DRlnq lnq K    (9) 
In this framework, Ce and qe signify the equilibrium 
concentration of RhB (mg/L) and its adsorption capacity 
(mg/g), respectively, whilst qm denotes the maximum 
adsorption capacity (mg/g). The equilibrium constants 
for Langmuir (L/mg) and Freundlich ((mg/g) 
(L/mg)1/n) are represented by KL and Kf, with n being 
an empirical constant for the latter. Eq. (5) relates to the 
Temkin equilibrium binding constant (L/g) and Temkin 
constant (B), whereas Eq. (6) is associated with KDR, the 
Dubinin-Radushkevich constant (mol2/kJ2), and ε 
represents the Polanyi potential (J/mol). The calculation 
of ε utilizes the formula ε = RT ln (1+1/Ce), where R 
stands for the ideal gas constant (J/mol K) and T for the 
absolute temperature (K). The essential characteristics 
of the Langmuir isotherm can be examined using the 
dimensionless constant separation factor RL (RL = 
1/(1+KLC0)). The RL value can indicate whether the 
adsorption is irreversible (RL = 0), favorable (0 < RL < 1), 
linear (RL = 1), or unfavorable (RL > 1) [41]. 

The adsorption isotherm data are shown in Fig. 10, 
and different parameters are tabulated in Table 2. Table 
2 shows that Langmuir isotherms are more suitable for 
describing the adsorption process, which can be seen 
from the R2 value of Langmuir's equation, which is 
greater than the other equations. Langmuir isotherms  
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Fig 10. (a) Langmuir, (b) Freundlich, (c) Temkin, and (d) Dubinin-Radushkevich models of RhB sorption 

 
Table 2. Isotherm adsorption of GO-Fe3O4 

Models Parameters Value 
Langmuir R2 0.9868 

qm (mg/g) 34.5900 
KL (L/mg) 1310.2000 
RL 0.0001 

Freundlich R2 0.9827 
1/n 0.4961 
Kf (mg/g)(L/mg) 0.1710 

Temkin R2 0.9842 
B (J/mol) 0.1775 
A (L/g) 2.7182 

Dubinin-Radushkevich R2 0.9577 
qm (mg/g) 0.2467 

Table 3. Comparison of the maximum adsorption 
capability of adsorbents in RhB adsorptions 
Adsorbents qm (mg/g) Ref. 
Fly ash 2.30 [43] 
Palm leaves powder 1.42 [44] 
Araucaria angustifolia sterile bracts 36.70 [45] 
NAOH-treated rice husk 83.00 [46] 
Sulfur-doped biochar 33.10 [47] 
Fe-N biochar 12.14 [48] 
ABL@H3PO4 190.63 [49] 
Mesoporous palm tree biochar 224.30 [50] 
GO-Fe3O4 34.59 This work 

 
explain that the RhB adsorption process predominantly 
occurs between active sites on the adsorbent surface that 

are spread homogeneously by forming a monolayer. In 
this study, the RL value was 0.000127188, which means 
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that RhB adsorption took place favorably [42]. As 
summarized in Table 3, the adsorption capacity of GO-
Fe3O4 for RhB is decent adsorbent. This indicates that the 
GO-Fe3O4 nanocomposite could be an effective material 
for removing RhB in practical wastewater treatment 
applications. 

■ CONCLUSION 

GO-Fe3O4 nanocomposites were successfully 
synthesized using the modified Hummer method and 
acid treatment for the adsorption of cationic RhB dyes 
from an aqueous solution. The obtained nanocomposites 
have been characterized XRD, FTIR, SEM-EDS, and 
TEM. The optimum adsorption of GO-Fe3O4 against RhB 
occurs at pH 4 with an adsorption capacity of 0.111 mg/g 
(92.51%), and the optimum initial concentration of 
6 mg/L. The Langmuir isotherm model provided the best 
fit for the equilibrium data when compared to the other 
models. At room temperature, the Langmuir model 
calculated the maximum monolayer adsorption capacities 
of RhB onto GO-Fe3O4 nanocomposite to be 34.59 mg/g. 
The GO-Fe3O4 exhibited optimum adsorption of 89.16% 
for RhB after 2 h. The adsorption mechanism involved 
electrostatic attraction between the negatively charged 
GO surface and the protonated RhB molecules. The PSO 
model best described the adsorption kinetics data for 
RhB. Furthermore, the magnetic properties of the GO-
Fe3O4 material make it suitable for practical applications 
in effectively removing organic azo dyes from wastewater. 
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