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Abstract:
As the use of dyes in various industries has increased, environmental pollution has also increased due to the
discharge of their wastewater into the waters. Here, the nanographene oxide@nano Fe3O4 (nGO@nFe3O4)
decorated with ZIF-8 was synthesized to remove methylene blue from aqueous solutions. Physicochemical,
thermal, morphological, and magnetic properties of ZIF-8@nGO@nFe3O4 nanocomposite adsorbent were
characterized by standard analyses. SEM analysis show a porous structure and superposition of the layered
structure of nGO@nFe3O4 which ZIF-8 was dispersed uniformly on or between the layers. Fine synthesis of
the adsorbent was also confirm by FTIR. Results demonstrate the suitable growth of ZIF-8 on the surface of
nGO@nFe3O4. The adsorbent possessed the appropriate magnetic ability and easily separated by a magnet.
In addition, isotherm models of Langmuir, Freundlich, Temkin, and Redlich-Peterson were studied. Results
show that Langmuir isotherm is the better model for describing the adsorption process, so, the adsorbent
possesses a homogeneous surface, and the adsorption process is monolayer.
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1. Introduction

Dyes and pigments are widely applied in various indus-
tries such as pharmaceutics, food, printing, textiles, etc.
However, the discharge of their effluents/wastewaters into
receiving waters is known as the main source of environ-
mental pollution [1, 2]. In this field, treatment processes like
chemical, physical, or biological separations play a crucial
role in removing dyes from such wastewater, nonetheless,
some dyes are chemically resistant and in mentioned indus-
tries, cause disposal problems [3]. Using technologies of
membranes, reverse osmosis, and ion exchange, although
effective, also requires high energy for treatment [4, 5].
Based on the reports, given that most dyes usually pos-
sess good stability against light and oxidizing agents, the
adsorption systems can be more suitable options to treat
wastewater owing to flexibility system, low-cost processing,
ease of process, and greater efficiency [6, 7]. Moreover,
the adsorption processes can provide high-quality effluents
by managing fairly large rates of flow. In this field, many

adsorbents have been designed, each with specific charac-
teristics and capable of removing dye, heavy metals, and
pollutants with varying adsorption capacity. Activated car-
bon, graphene oxide, biomasses, clay minerals, simple and
magnetic nanoparticles, metal-organic framework, metal ox-
ides, etc. are examples of this type of adsorbents [2, 8–11].
However, in recent years, the use of some of these materials
has developed due to their unique properties.
Graphene oxide (GO) is one of these adsorbents that pos-
sesses an extremely high surface area and provides a large
capacity for adsorbing pollutants [12]. This material also
has high chemical reactivity, so that the presence of oxygen-
containing groups such as hydroxyl, epoxy, and carboxyl
on its surface increases its interaction with pollutants [13].
Moreover, the characteristics of mechanical strength, flex-
ibility, environmental compatibility, porous structure, and
high stability under various environmental conditions have
promoted the expanded use of GO in various adsorption
systems [14]. In this field, Elgengehi et al. reported that
graphene and GO can be used as a suitable adsorbent to re-
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move heavy metals (cadmium and lead). However, oxygen
functional groups on GO led to a better stabilization of the
metal binding than graphene [13].
Iron oxide (Fe3O4) is another sample in this field that can
provide suitable properties for adsorbents applied in the
environment and biomedicine industries, due to chemical
stability and biocompatibility [10]. Indeed, the Fe3O4 has
magnetic properties, enabling easy separation of the ad-
sorbent after the adsorption process using a magnetic field
[15, 16]. This material also possesses a high surface activity
that can effectively interact with and adsorb various pollu-
tants [17, 18]. In this matter, Mittal et al. indicated that
Fe3O4-reinforced gum ghatti nanocomposites with a max-
imum adsorption capacity of 654.87 ppm, can be suitable
adsorbents for removing rhodamine B [18].
ZIF-8 as a type of metal-organic framework (MOF) also is
one of the other adsorbents that due to its porous structure
and high stability under various conditions, has a wide range
of applications, especially for the adsorption of pollutants,
heavy metals, and organic compounds [19]. This material
can also be combined with or modified by other materials to
enhance its adsorption efficiency [20]. According to Chang
et al., ZIF-8-modified GO/sodium alginate spheres play an
important role in uranium removal trapping in seawater by
swelling [21]. However, based on the reports, the adsorption
efficiency for nano-adsorbents is higher than other adsor-
bents. It can be due to higher surface area, faster adsorption
rate, better dispersion, or stronger magnetic properties of
nanocomposite adsorbents along with reducing risk of parti-
cle aggregation [22].
Given the importance of the subject and the widespread ap-
plication of nanomaterials in the synthesis and design of new
adsorbents, this research aims to develop a nanocomposite
adsorbent containing three materials of nano Go (nGO),
nano Fe3O4 (nFe3O4), and ZIF-8 to remove the dye. To this
end, ZIF-8 was first synthesized and then combined with
nGO-nFe3O4 to reach to ZIF-8@nGO@nFe3O4 nanocom-
posite adsorbent. Afterward, the physicochemical, thermal,
morphological, and magnetic characteristics of the adsor-
bent along with 4 other samples (ZIF-8, nGO, nFe3O4,
and nGO@nFe3O4) were assessed by analyses of X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy
(FT-IR), energy dispersive X-ray (EDS), thermogravimet-
ric (TG), field emission scanning electron micrograph (FE-
SEM), and vibrating sample magnetometer (VSM) analyses.
The studies of the adsorption isotherm was also carried out
to determine the capacity of adsorption.

2. Materials and methods

2.1 Materials

Zinc nitrate [Zn(NO3)2.6H2O, 99.99%], nano graphene ox-
ide [nGO], iron oxide (III) [Fe3O4], 2-methylimidazole,
methylene blue [C16H18N3SCl], glutaraldehyde, hy-
drochloric acid [HCl], sodium hydroxide [NaOH], and
acetic acid [CH3-COOH], were all purchased from Merck
company (Germany).

2.2 Methods

2.2.1 Synthesis of ZIF-8

2.93 g of zinc nitrate and 6.49 g of 2-methylimidazole were
separately dissolved in 200 mL of methanol as solvent,
under a stirrer (25 °C, 20 min). In the following, zinc nitrate
solution was gradually added to 2-methylimidazole solution
and mixed for 3 hours [23]. Subsequently, ZIF-8, white
precipitate, was separated by centrifugation (5000 rpm, 5
min), and then washed with methanol 3 times. Finally, ZIF-
8 crystals were obtained after drying in an oven (40 °C) for
12 h.

2.2.2 Preparation of nGO@nFe3O4

0.5 g of both nanographene oxide [nGO] and nano iron
oxide [nFe3O4] were separately added to 100 mL of deion-
ized water: ethanol, with the volume ratio of 1:1 v/v, and
then dispersed under an ultrasonication (200 W, 50 kHz)
for 30 min. Afterward, the nGO solution was added to the
nFe3O4 solution and re-ultrasonicated for an additional 30
min. This binary mixture was mixed under a stirrer for 24 h
and then centrifuged at 5000 rpm (5 min) to obtain a black
precipitate. Finally, the precipitate was respectively washed
with deionized water and ethanol 3 times and dried at 60 °C
for 12 h to obtain solid powder [24].

2.2.3 Preparation of Zif-8@nGO@nFe3O4

7 g of nGO@nFe3O4 and Zif-8 were separately added to
ethanol (150 mL) and ultrasonicated for 30 min. In the fol-
lowing, nGO@nFe3O4 solution was added to Zif-8 solution
and then re-ultrasonicated for 30 min. After stirring for 24 h
(25 °C), black nano-precipitate was separated by centrifuga-
tion (5000 rpm, 5 min), and the obtained nanocomposite was
respectively washed 3 times with deionized water, ethanol,
and ether, and finally dried at 60 °C for 12 h [24].

2.3 Characterizations of the adsorbent

The morphological specifications of the fabricated samples
were evaluated using a field emission scanning electron
micrograph (FE-SEM, Model-MIRA2, Tescan Co., Czech
Republic). The formation of the chemical bonding between
materials was also assessed by Fourier-transform infrared
spectroscopy (FTIR, Model-Nicolet 300, Thermo, USA),
over the wavenumber range of 400−4000 cm−1. The anal-
ysis of the crystalline structures was carried out by X-ray
diffraction (XRD, PW1730-PHILIPS diffractometer) with
Cu-Kα radiation (λ = 1.56056 Å, 2θ range: 5° − 50°)
at 40 keV. In the following, the composition of elements
for each sample was studied by energy dispersive X-ray
spectroscopy (EDS, Model-SAMX, France). The magnetic
properties of samples were also assessed via the vibrating
sample magnetometer analysis (VSM) (The VSM (Model-
MDK, Magnatis Danesh Kavir Yazd Co., Iran) at 25 °C.
Moreover, the thermal behavior of samples was studied
by thermogravimetric analysis (TGA( device (TGA/DSC,
Model-Q600, TA Co., USA), under an argon atmosphere
(zero air), in the temperature range of 25− 800 °C at a
heating rate of 15 °C/min.
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2.4 Adsorption study
The dye sorption experiments by using the designed ad-
sorbent (Zif-8@nGO@nFe3O4) were carried out in a dis-
continuous system and under a magnetic stirrer (200 rpm).
Determined amount of adsorbent was stirred with the used
solutions (50 mL), and the pH(s) were adjusted with HCl
(0.1 N) and NaOH (0.1 N). At the end of each test, the so-
lution and adsorbent were separated by centrifuging (5000
rpm, 10 min), and the concentration of the remained dye
in the solution was determined by a spectrophotometer at
664 nm wavelength and standard curve of methylene blue.
Finally, the removal efficiency (%) of the dye and the adsorp-
tion capacity of the adsorbent were respectively calculated
in Eqs. (1) and (2).

R% =
C0 −Ce

C0
×100 (1)

qe =
ν(C0 −Ce)

m
(2)

where C0 (mg/L) and Ce (mg/L), as well as ν (L), and m
(g) are the initial and final dye concentration, as well as the
volume of dye-bearing solution, and amount of adsorbent,
respectively.

2.5 Adsorption isotherm models
To understand the adsorption mechanism and analyze the
experimental data, the isotherm models of the Langmuir,
Freundlich, Temkin, and Redlich-Peterson were studied.
These models have been listed in Table 1. Accordingly, the
Langmuir model assumes that adsorbent has homogeneous
surfaces and the adsorption process occurs as a monolayer.
In contrast, the Freundlich isotherm assumption is that the
adsorbent has a heterogeneous surface and the adsorption
process is multilayer. The Temkin model assumption is also
that the decreased adsorption energy occurs with coverage
of the adsorbent surface. Moreover, the Redlich–Peterson
model, as an empirical model and 3 parameters, derives

from the combination of Langmuir and Freundlich models
and can modify inexactitudes.

3. Results and discussion

3.1 Analysis of adsorbent characterizations
The morphological properties and microstructure of the de-
signed nanocomposites were studied using FESEM. As ob-
served in figure 1, ZIF-8 crystals possess the rhombic/cubic-
polyhedral shape connected in a bead-like shape or observed
individually (mean size: 133.60 nm ± 30.51) [25, 26]. Like-
wise, the nGO/nFe3O4 image indicated the morphology of
nGO layers with a wrinkled characteristic with the depo-
sition of nFe3O4 on its surface (owing to interactions of
magnetic forces) which possessed a spherical structure with
an average diameter of 34.77 nm ± 8.54. For the ZiF-
8@nGO@nFe3O4 adsorbent, a superposition of the layered
structure of nGO@nFe3O4 was observed which ZIF-8 was
dispersed uniformly on or between the layers. Such a porous
structure can promote the adsorbent active sites and improve
the adsorption process.
The FT-IR spectra of samples also indicated that the ZIF-
8/nGO@nFe3O4 adsorbent possesses a similar spectral pro-
file to nGO@nFe3O4 and ZIF-8, especially in the range of
3400−3600 cm−1 (C-O-H group) and 1350−1600 cm−1

(imidazole ring) (figure 2) [27]. Based on the results, the ab-
sorption peaks in the range of 3000−3200 cm−1 (3123.12
cm−1 and 3009.81 cm−1) and at 2916.57 cm−1 on the ZIF-8
spectrum are related to C-H stretching vibrations in methyl
group and aliphatic chain respectively in imidazole ring
and 2-methylimidazole. The peaks at 1421.48 cm−1 and
1308.65 cm−1, as well as at 759.23 cm−1, 692.97 cm−1,
649.57 cm−1, and 619.72 cm−1 are also assigned to in-
plane and out-of-plane bending in the imidazole ring, re-
spectively. Moreover, observed peaks at 1576.57 cm−1,
1177.05 cm−1, and 995.50 cm−1 correspond to C=O/C=N
groups and single bonds of carbon and nitrogen [28]. The
peak of 420.44 cm−1 also belongs to the peak of the Zn-
N bond between the ion Zn2+ and the imidazole ligand.

Table 1. Adsorption isotherm models.

Models Linear equation Parameters of the isotherm model

Langmuir Ce
qe

= 1
qmKL

+ Ce
qm

qe: Equilibrium amount of adsorbed per unit mass of adsorbent (mg/g)

qm = Maximum dye adsorption capacity (mg/g)

KL = Langmuir constant (L/mg)

Freundlich log(qe) = log(KF )+
1
n log(Ce)

KF = Empirical Freundlich constant (L/mg)

n = Freundlich’s exponent that illustrates the adsorption severity

Temkin qe = B ln(KT )+B ln(Ce)
KT = Temkin isotherm equilibrium binding constant (L/mg)

B: Constant related to the heat of sorption (J/mol)

Redlich–Peterson Ce
qe

= 1
KRP

+ aRP
KRP

Cβ
e

KRP = Redlich–Peterson constant (L/g)

aRP = Redlich–Peterson constant (L/mg)

β = Redlich–Peterson exponent

C0 (ppm) = initial metal concentration (ppm)
Ce = Equilibrium dye concentration (ppm)
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Figure 1. SEM images for the studied samples.

Shifting the position and changing the intensity of these
peaks in the ZIF-8/nGO@nFe3O4 spectrum indicates the
effective bonding of ZIF-8 with nGO@nFe3O4 nanocom-
posite. Accordingly, analysis of nGO@nFe3O4, nGO, and
nFe3O4 spectra demonstrated when nGO and nFe3O4 are
combined, the intensity of the strong peak at 589.91 cm−1,
in nFe3O4 spectrum which is related to Fe-O vibration, has
significantly changed, indicating the successful synthesis
of the nGO@nFe3O4 nanocomposite. However, when the
mentioned nanocomposite decorates with ZIF-8 (i.e. ZIF-
8@nGO@nFe3O4 spectrum), the position of peaks change,
especially in the range of 600− 780 cm−1, related to im-
idazole ring, and peak assigned to Zn-N bond which can
confirm good synthesis of this adsorbent.
The XRD patterns of ZIF-8, nGO, nFe3O4, nGO@nFe3O4,
and Zif-8@nGO@nFe3O4 are illustrated in figure 3. As
observed in this figure, all XRD diagrams are at around 2θ

of 5° to 50°. Based on the results, the main peaks of the ZIF-
8 are obtained at 2θ among 7.31°, 10.35°, 12.65°, 14.45°,
16.50°, 17.95°, 22.08°, 24.55°, and 26.75° due to the reflec-
tion of (011), (002), (112), (022), (013), (222), (114), (233),
and (134), which show good agreement with the peaks of

ZIF-8 identified in other reports [28, 29], and can serve as
an indication of the high purity and good crystallinity of this
material. For the nGO spectrum, the sharp diffraction peak
at 2θ of 11.95° corresponding to the (001) plane confirmed
this material [28]. Moreover, the analysis of the nFe3O4
XRD diagram indicated three main sharp peaks at around
2θ at 30.33°, 35.85°, and 43.48° corresponding to crystal
planes of (220), (311), and (400) respectively, which can
confirm the crystalline cubic spinel structure of nFe3O4
[30]. The XRD pattern of nGO@nFe3O4 also demonstrated
that the peaks of nGO and nFe3O4 appeared with slight
shifts, at 2θ of 11.65° (for nGO) and 30.19°, 35.55°, and
43.23° (for nFe3O4), after decorating nGO with nFe3O4.
It confirms the face-centered cubic lattice crystal structure
and proper synthesis of this nanocomposite [31]. Regarding
the ZIF-8@nGO@nFe3O4 nanocomposite adsorbent, the
same main peaks were observed with a slight shift at 2θ ,
which proves the formation of this magnetic nanocomposite.
Accordingly, the distinct peaks observed at 2θ among 7.39°,
10.45°, 12.78°, 14.60°, 16.53°, 18.08°, 22.09°, 24.59°, and
26.69° for ZIF-8 observed due to its crystalline nature. Fur-
thermore, there is a prominent peak at 2θ of 11.35°, for

Figure 2. FTIR spectrum for the studied samples.
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Figure 3. XRD patterns for the studied samples.

nGO, which is due to the interlayer spacing increased by
the introduction of oxygen-containing groups. The peaks
at around 2θ of 30.55°, 35.95°, and 43.45°, also indicated
that the crystalline structure of Fe3O4 remained stable after
decorating and coating with nGO and ZIF-8.
In the following, to further assess and determine ele-
ments in the nanocomposite structure decorated with ZIF-
8, EDS analysis was carried out by energy dispersive
X-ray spectroscopy. As illustrated in figure 4 (a), ZIF-

8@nGO@nFe3O4 EDS spectrum confirmed the existence
of C, N, O, Zn, and Fe elements with content (or weight
percent) of 38.03 wt.%, 20.04 wt.%, 25.57 wt.%, 4.18
wt.%, and 12.18 wt.%, respectively. While this spectrum
for synthesized ZIF-8 only included C, N, O, and Zn el-
ements, respectively with weight percent of 39.00 wt.%,
48.98 wt.%, 7.05 wt.%, and 4.64 wt.%. Hence, the syn-
thesis of ZIF-8@nGO@nFe3O4 magnetic nanocomposite
is confirmed by observing the Iron element. Moreover,

Figure 4. EDS spectra for ZIF-8@nGO@nFe3O4 nanocomposite adsorbent and ZIF-8 (analysis of elements (a) and elemental mapping (b)).

2228-5970[https://doi.org/10.57647/j.ijic.2025.1601.05]

https://doi.org/10.57647/j.ijic.2025.1601.05


6/9 IJIC16 (2025) -162505 Pezeshk et al.

analysis of elemental mapping for ZIF-8@nGO@nFe3O4
magnetic nanocomposite (figure 4 (b)) demonstrated that
Iron element is distributed across the entire surface of the
nanocomposite, and the distribution of C and O also are ow-
ing to the nGO presence. Moreover, the relatively uniform
distribution of Zn and N elements demonstrates the suitable
growth of ZIF-8 on the surface of nGO@nFe3O4.
Afterward, the VSM analysis was performed to evaluate
the magnetic properties of nFe3O4, nGO@nFe3O4, and
ZIF-8@nGO@nFe3O4 nanocomposite. Based on the re-
sults, the saturation magnetization values were 66 emu/g, 28
emu/g, and 23 emu/g for nFe3O4, nGO@nFe3O4, and ZIF-
8@nGO@nFe3O4, respectively (figure 5). Accordingly, the
highest saturation magnetization value is attributed to the
nFe3O4, and the formation of the nGO@nFe3O4 nanocom-
posite led to a reduction in this value. In the following,
although decoration of the mentioned nanocomposite with
ZIF-8 resulted in a further decrease in saturation magne-
tization due to the diamagnetic contribution of ZIF-8 sur-
rounding nFe3O4, the ZIF-8@nGO@nFe3O4 composite
adsorbent still possessed the suitable magnetic ability and
easily separated by a magnet. It can confirm a good synthe-
sis of the mentioned adsorbent.

Figure 5. VSM magnetization curves for ZIF-8@nGO@nFe3O4,
nGO@nFe3O4, and nFe3O4.

Subsequently, the thermal stability of samples was also
studied by TGA analyses (25−800°C). Figure 6 indicates
the thermal behavior of nFe3O4, nGO/nFe3O4, and ZIF-
8/nGO/nFe3O4. As seen in this figure, for all samples, the
initial segment of the TGA curve (from 25 °C to around
98−110 °C) is related to the weight loss due to loss of water
or other solvents. Afterward, the loss of weight continued
due to the decomposition of bonded chains. Accordingly,
the nFe3O4 thermal curve, except for the first stage, pos-
sessed 2 mass change stages [first a slight increase (from
98.81 °C to 391.07 °C) owing to the transformation of
nFe3O4 to nFe3O4, and then a decrease (from 589.77 °C
to 623.78 °C) due to the decomposition of impurities] [32].
Likewise, the nGO indicated the weight loss across the
three stages (at 110.44 °C, 332.51 °C, and 472.87 °C), as-
signed to the decomposition of O2 groups and the carbon
lattice [33, 34]. The results also illustrated when nFe3O4

Figure 6. TGA analysis of studied samples.

and nGO are combined, no mass increase is observed for
the nanocomposite of nGO@nFe3O4. Instead, there was
a significant mass reduction in the nGO@nFe3O4 thermal
curve compared to nFe3O4 (75%) which is attributed to
pyrolysis of functional groups such as -OH, -C-C-O-, and
C=O, as well as the decomposition of carbon skeleton. This
nanocomposite indicated a thermal profile of three stages
in the ranges of 100−200.12 °C, 200.12−263.76 °C, and
263.76−800 °C.
For ZIF-8@nGO@nFe3O4, a ∼ 3% weight loss was also
observed up to 75.21 °C, due to the removal of surface-
water molecules. In the following, 2 weight loss stages
of about 6% and ∼ 14% up to 154.15 °C and 226.87 °C
were observed, and then this decreasing trend continued for
3 more stages (at 452.58 °C, 553.10 °C, 800 °C). These
stages are mainly assigned to the decomposition of nGO
and ZIF-8 the decomposition of 2-methylimidazolate and
structural collapse. Based on the results, the gradual reduc-
tion in the thermal profile and lower pyrolysis temperature
of ZIF-8@nGO@nFe3O4 compared to nFe3O4 and nGO
can be attributed to the lower thermal stability of ZIF-8.
The significant weight reduction of ZIF-8 compared to the
mentioned nanocomposite adsorbent confirms this case and
can prove the successful decoration of nanocomposite with
ZIF-8.

3.2 Adsorption isotherm study

Adsorption isotherms are used to predict removal efficacy
and assess the adsorption mechanisms. In this regard, mod-
els of Langmuir, Freundlich, Temkin, and Redlich-Peterson
are widely employed for describing the equilibrium ad-
sorption process [35, 36]. Experiments were done under
optimum pH, dye concentration, adsorbent dosage, temper-
ature, and contact time of 8, 12 ppm, 15 mg, 45 °C, and 90
min, respectively (Data was not shown). Here, the experi-
mental data to describe the adsorption process of methylene
blue on the ZIF-8@nGO@nFe3O4 adsorbent were assessed
by these models and the parameters related to fitting each
model have been demonstrated in Table 2 and figure 7.
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Table 2. The parameters of isotherm models for nanocomposite adsorbent.

Isotherm Parameters Values

Langmuir

qmax (mg/g) 68.03

KL (L/mg) 4.454

RL [RL = 1
1+KLC0

] 0.018

R2 0.9929

Freundlich

KF (L/mg) 47.45

N 4.688

1/n 0.213

R2 0.9383

Temkin

KT (L/mg) 584.06

bt [B = RT
bT

] 7.49

B (kJ/mol) 0.331

R2 0.9781

Redlich–Peterson

qRP (mg/g) 104.8

KRP (L/g) 4.051

B 0.9471

R2 0.9955

The higher value of R2 (0.9929) indicates a fit of the Lang-
muir isotherm to adsorb dye on the nanocomposite adsor-
bent. In this matter, the RL value also represents that the
adsorption process by these adsorbents is favorable (0 <
RL < 1) [37, 38]. In the following, the results indicated

although the Freundlich isotherm possesses a high value of
R2 (0.9383), the Langmuir isotherm can be a better model
for describing the adsorption process. This high fit indicates
that the adsorbent possesses a homogeneous surface and the
adsorption process is monolayer. However, given that 1/n

Figure 7. The equilibrium isotherm trends for dye onto ZIF-8@nGO@nFe3O4.
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value in the Freundlich isotherm is less than 1 (Tabel 2), it
can conclude that the adsorbent surface has some hetero-
geneities characteristics (as indicated by the relative fit of
the Freundlich model), which may be due to adsorption sites
with different energies or multilayer adsorption (in some
area) [39]. Notably, n > 1 also exhibits that the adsorption
process on adsorbent is controlled by physical process. The
value B obtained from the Temkin model confirms this case.
Indeed, if B < 8 kJ/mol, it indicates that the adsorption
energy is relatively low, which is typically associated with
physisorption [40]. In physical adsorption, interactions are
mainly due to van der Waals forces, hydrogen bonds, or
electrostatic interactions, which are generally non-specific
[41]. This type of adsorption occurs more broadly and is
less selective compared to chemical adsorption. Moreover,
given that the β value in the Redlich-Peterson isotherm is
close to 1 (0.9471), the results obtained from this model
indicate that the Redlich-Peterson isotherm approaches the
Langmuir model. This means that the adsorption is rela-
tively monolayer and occurs on uniform adsorption sites on
the surface. Likewise, a high β value (0.9471) suggests that
the adsorbent surface is relatively homogeneous, meaning
that adsorption sites with similar energy are present on the
surface. It can also be inferred that the adsorption process
has minimal complexity and there are relatively few inter-
actions between the adsorbed molecules. This implies that
the adsorption behavior is closer to simpler models, such as
the Langmuir isotherm.

4. Conclusion
This study applied ZIF-8@nGO@nFe3O4 as a nanocom-
posite adsorbent to remove methylene blue from aqueous
solutions. While, a decrease in saturation magnetization
of ZIF-8@nGO@nFe3O4 occurred due to the diamagnetic
contribution of ZIF-8 surrounding nFe3O4, the appropriate
magnetic ability was achieved. The Langmuir isotherm
excellently described the data (R2 = 0.9929). Based on the
results, the adsorbent possessed a homogeneous surface,
and the adsorption process occurred as a monolayer. Hence,
this designed adsorbent possesses substantial potential for
dye removal from wastewater and can help environmental
preservation.
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C. Gao. “High efficient removal of dyes from aqueous solution
through nanofiltration using diethanolamine-modified polyamide
thin-film composite membrane.”. Sep Purif Technol, 173:135–143,
2017.
DOI: https://doi.org/10.1016/j.seppur.2016.09.023.

[5] C. S. D. Rodrigues, S. A. C. Carabineiro, F. J. Maldonado-Hódar,
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