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This study investigated the removal of copper from aqueous solutions 
using manganese ferrite (MnFe2O4) nanoparticles as a suitable and 
new adsorbent. For this purpose, manganese ferrite nanoparticles 
were synthesized by the co-precipitation method, and the effect of pH 
parameter, contact time, adsorbent concentration, as well as the influence 
of initial concentration on the copper adsorption process in the batch 
system were studied. To determine the properties of manganese ferrite 
nanoparticles, a scanning electron microscope, X-ray diffraction device, 
and infrared spectrometer were used. The results showed that the average 
size of these nanoparticles was between 30 and 50 nm. Moreover, it was 
indicated that by increasing the pH of the aqueous solution from 3 to 7, 
the adsorption capacity of copper increased so that at an optimal pH of 7, 
the adsorption rate reached more than 99%. Furthermore, increasing the 
contact time and the amount of adsorbent increased the removal efficiency, 
and the results revealed that with increasing the concentration of copper, 
the adsorption capacity increased. In the study of adsorption isotherms, 
the experimental data showed more agreement with the Freundlich model 
with an adsorption capacity of more than 199 mg/g. In addition, the data 
obtained for the adsorbent indicated that the copper adsorption follows 
the pseudo-second-order kinetic model. In general, the results of this 
study showed that the use of manganese dioxide nanoparticles is a suitable 
method with a high potential for removing copper from aqueous solutions.

INTRODUCTION
The existence of safe and reliable water sources 

without toxic and dangerous pollutants is the basic 
and essential need for a healthy and sustainable 
life. Heavy metals are among the water pollutants 
discharged from municipal wastewater, sludge 

from wastewater treatment, and imported 
into the environment. They accumulate in 
ecological systems, and their gradual increase in 
concentration causes several adverse effects on 
the systems. The degree of toxicity of metals in 
different conditions, and is the function of factors 
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such as concentration, environmental conditions, 
contact time, and other physical, chemical, and 
biological factors [1]. Copper is one of the essential 
elements for plants and animals; however, in large 
quantities, it is toxic to all living organisms [2]. If a 
significant amount of copper is entered into the 
body, it interferes with the absorption of Iron and 
Zinc. It also causes anemia and iron deficiency 
and harms fertility [3,4]. The WHO (World Health 
Organization) has set a limit of 1.5 mg per liter of 
copper in municipal water. 

There are several methods for removing heavy 
metals from water and wastewater. The most 
important methods used for this purpose are 
chemical deposition, ion-exchange (IE), reverse 
osmosis (RO), membrane filtration (MF), solvent 
extraction (SE), and adsorption. The disadvantage 
of these methods is the need for the costly and 
time-consuming pretreatment processes for 
the removal of suspended solids. One of the 
main solutions to eliminate the shortcomings 
of conventional treatment methods is the use 
of nanotechnology, which is the process that 
plays a key role in preventing contamination, 
identification, measurement, and treatment of 
pollutants.

Due to their small size, large cross-section, 
crystalline shape, unique lattice order, and 
therefore high reactivity, nanoparticles can be 
used to purify and convert pollutants into less 
harmful materials [5]. The adsorption process by 
metal nanoparticles is one of the environmentally 
friendly technologies that researchers have 
considered in recent years as an effective factor 
in removing heavy metals from water and 
wastewater [6].

Recent studies show that manganese ferrite 
nanoparticles have played an effective role in 
removing heavy metals from aqueous solutions 
due to their high adsorption capacity and 
selectivity [7,8]. Yuming Ren et al. used manganese 
dioxide nanoparticles to adsorb copper and lead. 
Their results revealed that the experimental data 
followed the pseudo-second-order adsorption 
kinetics, and in the studies on adsorption isotherm, 
the results followed the Langmuir adsorption 
isotherm [9]. Moreover, Chaolo et al. used 
manganese ferrite nanoparticles functionalized 
with multi-walled carbon nanotubes to remove 
cadmium, and their results indicated that the 
contact time was 150 minutes as the equilibrium 
time [10]. In addition, Shi and Dong evaluated the 

adsorption of chromium and copper elements with 
magnetic nanoparticles. According to their results, 
the copper adsorption increased by increasing 
the pH from 1 to 5 [11]. The present study aimed 
to synthesize manganese ferrite nanoparticles 
by chemical co-precipitation synthesis and 
determine the effect of contact time, nanoparticle 
concentration, and initial copper concentration 
on copper’s efficiency and adsorption capacity by 
manganese ferrite nanoparticles from aqueous 
solutions.

	
MATERIALS AND METHODS 
Synthesis of manganese ferrite and its 
characterization 

Manganese (II) chloride tetrahydrate 
(MnCl2·4H2O, Merck), Iron (II) chloride tetrahydrate 
(FeCl2·4H2O, Merck), Iron (III) chloride hexahydrate 
(FeCl3·6H2O, Merck), and Ammonia solution 25% 
(NH4OH, Merck) were used for the synthesis of 
manganese ferrite nanoparticles. All reagents 
were used as received without further purification.

In the co-precipitation method, reagents 
were prepared according to the literature. This 
process involves the precipitation of Fe2 + and Fe3 

+ salt (e.g., chlorides, sulfates, and nitrates) in 
aqueous solutions by adding a base (e.g., NaOH) 
[12]. For this purpose, an aqueous solution of 
precursors (MnCl2, FeCl2, and FeCl3) with a preset 
stoichiometry was prepared by an overhead stirrer 
(IKA Nanostar 7.5 digital). The temperature of 
the solution was then increased to 80. While the 
solution was stirred at 450 rpm, ammonia was 
gradually added to the solution for 20 minutes 
to adjust the pH and precipitate the dark brown 
manganese ferrite particles. Finally, the obtained 
oxide samples were used for characterization. 
Scanning Electron Microscope (SEM), X-ray 
diffraction device and infrared spectrometer were 
used to characterize the produced manganese 
ferrite nanoparticles.

Investigation of cu2+ adsorption by manganese 
ferrite

In this study, manganese ferrite nanoparticles 
were first synthesized and used, and all adsorption 
experiments were performed in a batch system. 
To prepare a standard solution of copper, 3.8 g 
of copper nitrate (Cu(NO3)2 .3H2O) was poured 
into 1000ml of distilled water, and a solution of 
1000 mg/l of copper was prepared. Afterward, 
copper solutions were prepared with different 
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concentrations by diluting the standard solution. 
The pH of the solution was adjusted with 
hydrochloric acid and a gain of 0.1 M. Moreover, 
the removal of copper from aqueous solutions was 
investigated by manganese ferrite nanoparticles 
at different pH, contact times, nanoparticle 
concentrations, and contaminant concentrations.

To determine the optimal pH of copper removal, 
the pH of the solution was adjusted in the range 
of 3 to 7 using the two mentioned substances. 
The effect of contact time on copper removal by 
manganese ferrite nanoparticles was performed 
at times of 5 to 120 minutes at the optimum pH 
obtained in the previous experiment [13].

To investigate the effect of nanoparticle 
concentration on removal efficiency and determine 
the optimal concentration of nanoparticles for 
copper removal from aqueous solutions, the 
concentrations of 0.15 to 0.5 g/l were taken into 
account [14]. 

Moreover, to determine the effect of 
different concentrations of copper on the 
adsorption process, discontinuous experiments 
were considered in 100 ml containers with 
concentrations of 10-75 mg/l copper [13]. 

During the reaction time, the container was 
placed on a vibrating device at a speed of 160 
rpm. After the test, the contaminated manganese 
ferrite nanoparticles were separated from the 
solution using a centrifuge of Model 5810R 
(Eppendorf, Germany). Finally, the obtained 
solution was isolated, and the amount of copper 
inside the solution was read by an atomic 
absorption device of the solar model (Flame-AAS, 
Perkin Elmer PE4000). The efficiency (percentage) 
of heavy metal (Copper) removal was calculated 
from Equation 1, and its equilibrium adsorption 
capacity by manganese ferrite nanoparticles was 
obtained from Equation 2.

R = C0 − Ce
C0

× 100                              (1) 

  

                                                 (1)
 

q = C0 − Ce
C0

× 100                              (2) 

 

  

  

                                                (2)
 

Where R is the percentage of removal or removal 
efficiency of copper, q implies the adsorption 
capacity or the amount of adsorbed ions in 
milligrams per gram. C0 and Ce denote the initial 
and final concentrations of copper in milligrams 
per liter, respectively, m is the adsorbent mass in 

grams, and V denotes the volume of solution in 
liters.
Adsorption kinetics relationships

One of the most important factors for the design 
of the adsorption system is to predict the speed 
of the adsorption process, which is controlled by 
the system’s kinetics. The kinetic studies of copper 
adsorption from aqueous solutions by manganese 
ferrite nanoparticles were investigated using 
pseudo-first-order and pseudo-second-order 
kinetic models.

Pseudo-First-Order Kinetics Equation
According to Equation 3, in the pseudo-first-

order kinetic equation, the adsorption rate is 
proportional to the empty sites [15]. 
dqt
dt

= −k1(qe −  qt )                          

  

                                           (3)

By applying logarithm to Equation 3, a pseudo-
first equation, also known as the Lagergren 
relation, is formed as follows:

(qe − qt) = Logqe − k1t
2.303                  (4) 

  

                                                                                     (4)

Where qe is the adsorption capacity in 
equilibrium (mg/g), qt is the adsorption capacity 
in time (mg/g), K1 is the pseudo-first-order velocity 
constant in 1 minute and t is the time in minutes.

Pseudo-Second-Order Kinetic Equation
     According to Equation 5, in the pseudo-second-
order kinetic equation, the adsorption rate is 
proportional to the square of the empty sites [16].

dqt
qt

= 1
k2qe2

− (qe − qt)2                       (5) 

  

                                                                                     (5)

By applying logarithm to Equation 5, a pseudo-
second relation or Ho relation is formed as follows:

t
qt

= 1
k2qe2

+ t
qe

 

  

                                                                                     (6)

Where k2 is a pseudo-second velocity constant 
in grams in mg/min. The kinetic relationships of 
copper adsorption from aqueous solutions are 
shown in Table 1.

Isotherms of surface adsorption
The adsorption temperature curve is the 
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equilibrium relationship between the adsorbed 
concentration in the fluid phase (C) and the 
adsorbed concentration on solid particles (q) at a 
given temperature.

Langmuir Equilibrium Isotherm
The simplest theory for monolayer adsorption 

is the Langmuir model, proposed in 1916. In the 
Langmuir model, it is assumed that adsorption 
on places is homogeneous and adsorption is 
monolayer [17]. In this model, molecules are 
adsorbed on well-defined surface locations, and 
each site can only adsorb one adsorbed molecule 
[18]. The Langmuir equation is expressed in 
Equation 7 as follows [12].

qe = bpmCe
1 + bCe

                                          (7) 

  

                                                         (7)

The linear form of Equation 7 is as follows:

Ce
qe

= 1
qmb + Ce

qm
                                      (8) 

  

                        
                                                                                    (8)

Where, Ce denotes the equilibrium concentration 
of the solution (mg/l), qe is the absorption capacity 
in equilibrium terms (mg/g), qm (mg/g) and b (l/
mg) are factors related to adsorption capacity 
and absorption energy, respectively, obtained by 
plotting Ce/qe versus Ce.

Freundlich Equilibrium Isotherm
The Freundlich model assumes that adsorption 

is reversible on heterogeneous sites, and this 
model is suitable for multilayer adsorption [17,18]. 
The Freundlich isotherm is defined as Equation 9 
[19].

qe = kf C𝑒𝑒
1
𝑛𝑛                                               (9)                                                                (9)

By applying logarithm to both sides of the 
equation in linear form, Equation 10 is formed as 
follows:

Logqe = Logkf + 1
n LogCe                 (10)                                  (10)

Where Kf and n are the coefficients related 
to adsorption capacity and adsorption intensity, 
respectively, which are obtained by plotting the 
Log qe versus Log Ce. The isothermal relationships 
of copper adsorption from aqueous solutions are 
indicated in Table 1.

RESULTS AND DISCUSSION
Properties of manganese ferrite nanoparticles

Fig. 1 indicates an image of the nanoparticles 
used by the SEM device. This figure shows that 
manganese ferrite nanoparticles are in the form of 
nanoparticles that are aggregated and completely 
adhered to each other. The size of the observed 
nanoparticles is in the range of 30-50 nm. Fig. 2 
indicates the XRD pattern, and the peaks observed 
in these spectra correspond to the α and γ phases 
of manganese ferrite.

The XRD pattern does not show any peaks 
related to the inserted hydroxide or nitrate, 
indicating the complete removal of structural 
water and nitrate ions during heat treatment. 
In general, it can be expressed that manganese 
dioxide prepared in this method has two dominant 
phases α and γ [20,21].  The synthetic samples in 
the range of 400 to 4000 cm-1 of FT-IR spectrum 
were taken to identify synthetic products better 
and confirm XRD results.

Fig. 4 indicates the spectrum of manganese 
ferrite nanoparticles. The important points in 
this spectrum show that the peaks observed in 
3450-3460 cm-1 and 1630-1640 cm-1 confirm the 
presence of surface water in these samples. The 

 Equation Linear Form 

Pseudo-first-order Kinetics dqt
dt = −k1(qe − qt) (qe − qt) = logqe − k1t

2.0303 

Pseudo-second-order Kinetics               dqt
dt = −k2(qe − qt)2 

t
qt

= 1
q2qe2

+ t
qe

 

Langmuir Isotherm qe = bqmce
1 + bCe

 
ce
qe

= 1
qmb + ce

qm
 

Freundlich Isotherm qe = kfce

1
n logqe = logkf + 1

n logce 

 

  

Table 1. Synthetic equations of isotherm of copper adsorption from aqueous solutions       



20

S. Shahidizandi et al. / Synthesis of MnFe2O4 and Its Applications in Cu Removal from Aqueous Solutions

J Nanostruct 13(1): 16-28, Winter 2023

absence of peaks related to the vibrations of 
the nitrate group in the range of 1390-1385cm-1 
indicates the complete removal of nitrate due to 
heat treatment. The peaks observed in 1520-1530 

cm-1 and 1395-1410 cm-1 belong to the carbonate 
group, which are probably absorbed through the 
air by the samples (reaction of hydroxide with 
CO2 of air). The peaks observed at 560-580 cm-1 

 

  

 

  

Fig. 1. a SEM image of pure Fe3O4. b SEM image of Mn2+ doped Fe3O4

Fig. 2. XRD image of iron oxide (Fe3O4)
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are related to the Mn-O-Mn vibrational model and 
confirm the oxidation of these samples [22]. 

Effect of different factors on copper removal 

efficiency by manganese ferrite nanoparticles
Effect of pH on copper removal efficiency

The effect of pH of aqueous solution on the 
removal efficiency of copper by manganese ferrite 

 

  

 

  

Fig. 3. XRD spectra of corresponding metal oxide nanoparticles

Fig. 4.  FT-IR spectrum of corresponding metal oxide nanoparticles
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nanoparticles was performed by changing the pH 
of the aqueous solution from 3 to 7 for 120 minutes, 
the initial concentration of the contaminant is 10 
mg/l, and the amount of adsorbent is 0.25 g/l. 
Fig. 5 shows the effect of different pHs on copper 
removal. This figure shows that manganese ferrite 
nanoparticles are less efficient at refining copper 
at low pHs. The adsorption efficiency and capacity 
of copper at pH=3 are at their lowest values (52.1% 
and 20.84 mg/g, respectively).

By increasing the pH from 3 to 7, the percentage 
of removal and copper adsorption capacity 
increased and reached its maximum of 96.6% and 
38.64 mg/g, respectively; therefore, the pH=7 was 
selected as the optimal pH for copper removal. At 
low pHs, the concentration of H+ ions in solution 
is high, causing competition between Cu2+ ions 
and H+ ions for adsorption in adsorbent voids. In 
deionized water, copper species are present in 
the forms of Cu(OH)2+, Cu (OH)+, Cu2+, and Cu(OH)2 
[23].

The concentration of hydrolyzed species 
depends on the concentration of copper and the 
pH of the solution, and Cu2+ ions are the only ion 
species present in the solution at a pH of less than 
6 [24]. At acidic pHs of 2 and 3, the carbonyl groups 
on the surface of the adsorbent particles create a 
positive charge and repel Cu2+ ions. There is also 
competition between the H ions in the medium 
and the Cu2+ ions for adsorption on the side, which 
reduces the amount of adsorption. At pHs of 5, 
6, and 7, due to the increased amount of OH in 
the environment, the percentage and adsorption 

capacity of Cu2+ cations increases [25,26]. Hero 
et al. used manganese ferrite hydrogen peroxide 
nanoparticles at an optimal pH=7 to achieve the 
removal of approximately 99% of the iron metal 
[27]. Moreover, Shi and Dong evaluated the 
adsorption of chromium and copper elements 
with magnetic nanoparticles. The results of other 
studies have also indicated that copper adsorption 
increases by increasing the pH from 1 to 5 [11].

Effect of contact time on copper removal efficiency
The effect of reaction time was investigated on 

copper removal efficiency using manganese ferrite 
nanoparticles by changing the contact time from 
0 to 120 minutes in a solution with pH=7, initial 
concentration of pollutant equal to 10 mg/l, and 
adsorbent amount of 0.25 g/l. Fig. 6 indicates 
a graph of copper removal at regular intervals 
by manganese ferrite nanoparticles. The results 
showed that the percentage of copper adsorption 
increased with increasing the contact time. This 
process lasted 60-90 minutes until it reached 
equilibrium time. At this time, the copper removal 
efficiency reached 96.8%. 

After this period, the adsorption rate decreased 
and led to a smooth and continuous curve. This 
figure shows that in short times, large amounts 
of metal are adsorbed by the adsorbent so that a 
significant part of the adsorption (approximately 
90% adsorption) was in the first 30 minutes of the 
adsorption phase. In general, as the reaction time 
increases, the contact time between the pollutant 
ions and the nanoparticles increases, and the 
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Fig. 5. Effect of pH on adsorption capacity of copper removal by manganese 
ferrite nanoparticles (initial concentration: 10 mg/l, adsorbent amount: 0.25 

g/l, contact time: 120 minutes)
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ions have more time to bind to the adsorption 
sites on the particle surfaces. Yuming Ren et al. 
used manganese dioxide nanoparticles to adsorb 
copper and lead. In this study, 120 minutes was 
appropriate as the required time to achieve 
balance [9].

Moreover, Donglin Zhao et al. used manganese 
ferrite nanoparticles to remove lead. The results 
indicated that with increasing the contact time, 
the amount of lead absorption increased, and the 
time of 1 h was obtained as the equilibrium time 
[28].

Effect of adsorbent amount on copper removal 
efficiency

The effect of the adsorbent amount was 
investigated on copper removal efficiency using 
manganese ferrite nanoparticles by changing 
the amount of nanoparticles from 0.15 to 0.5 g/l 
in a solution with pH=7 and the optimal contact 
time obtained from the previous experiment (60 
minutes) and initial concentration of contaminant 
equal to 10 mg/l. Fig. 7 indicates the effect of the 
amount of adsorbent on the removal percentage 
and adsorption capacity of copper ions by 
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Fig. 6. Effect of different times on the removal efficiency and adsorption capacity 
of copper by manganese ferrite nanoparticles (initial concentration: 10mg/l, 

adsorbent concentration: 0.25 g/l, pH=7)

Fig. 7. Effect of initial concentration adsorption capacity of copper by manganese 
ferrite nanoparticles (adsorbent amount: 0.5g/l, contact time: 90min, pH=7)
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manganese ferrite nanoparticles. By increasing 
the adsorbent from 0.15 g/l to 0.5 g/l, the removal 
efficiency increased from 92.7% to 97.2% and the 
adsorption capacity decreased from 61.8 mg/g 
to 19.44 mg/g. In addition, by increasing the 
amount of adsorbent from 0.25 g/l to 0.5 g/l, no 
significant change was observed in the efficiency 
and adsorption capacity of copper.

As the amount of adsorbent increases, the 
removal efficiency increases; however, the 
adsorption capacity decreases because the initial 
concentration is constant, and with further 
increase in adsorbent, the full adsorption capacity 
of the adsorbent is not used, and there are free 
adsorption sites on the print concentration 
(g/l). The amount of adsorbent depends on the 
removal efficiency and adsorption capacity of 
copper by manganese dioxide nanoparticles 
(initial concentration of 10 mg/l, contact time of 
90 minutes, and pH=7 on the adsorbent surface). 
In other words, increasing the copper removal 

efficiency by increasing the adsorbent dose is 
due to the increase and availability of exchange 
sites and special surfaces [29,30]. Meng Soo et al. 
conducted a study to adsorb lead using hydrogen 
manganese ferrite particles and concluded that as 
the adsorbent increases, the removal percentage 
increases as well [31]. 

In addition, Shihabudheen et al. used 
manganese ferrite nanoparticles and reported 
that with increasing adsorbent, the removal 
efficiency increases but the adsorption capacity 
decreases  [32]. 

    
Effect of initial concentration on copper removal 
efficiency

The effect of the initial concentration of 
pollutants was investigated on the removal 
efficiency of copper using manganese ferrite 
nanoparticles and by changing the concentration 
of 10, 25, 50, and 75 mg/l pollutants in a solution 
with pH=7, the amount of 0.5 g/l nanoparticles 

 

  

95

96

97

98

99

100

5 2 5 4 5 6 5 7 5

%
A

ds
or

bt
io

n

Speed (rpm) 

Fig. 8. Effect of initial concentration adsorption capacity of copper by 
manganese ferrite nanoparticles (adsorbent amount: 0.5g/l, contact time: 

90min, pH=7)

The pseudo-first-order model 
equation R2 K1 qe(mg/g) 

Y=-0.0131x+0.7274 0 .9592 0.0301 5 .338 

The pseudo-second-order model 
equation R2 K2 qe(mg/g) 

Y=0.0255x+0.0375 39.215 0.0173 0.9998 

 

  

Table 2. Parameters obtained in pseudo-first and second-order copper models
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and in 60 minutes. Fig. 8 indicates the effect of 
different concentrations of copper on the removal 
efficiency by manganese dioxide nanoparticles. 
With increasing initial copper concentration, the 
adsorption capacity of copper by manganese 
ferrite nanoparticles increased from 19.48 to 
147.6 mg/g, and it was shown that when the 
initial copper concentration increases, there was 
a lack of surface and active sites for adsorption. 
At high concentrations, it causes less adsorption, 
this level and sites are constant, and when the 
concentration increases, the surface and sites fill, 
and the adsorption capacity increases [33].

In this study, with increasing the initial 
concentration of copper, the removal efficiency 
increased as well, the reason which was that the 
initial concentrations applied in this study was far 
from the final adsorption capacity; therefore, as 
the initial concentration increases, the adsorption 
increases in the same proportion, and as the 
concentration increases from one concentration 
to the next percentage, the removal is reduced. 
Yuming Ren et al. used manganese ferrite 
nanoparticles for copper removal and obtained 
similar results [9].

Moreover, Meng Soo et al. worked on the 
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Fig.  9.  Pseudo-first-order kinetics diagram of copper adsorption by manganese ferrite 
nanoparticles
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adsorption of lead using manganese ferrite 
particles and concluded that as the initial 
concentration of lead increases, the adsorption 
capacity increases as well [31].

Copper adsorption kinetics
Adsorption kinetics are used to determine 

the control mechanism of adsorption processes. 
To understand the dynamics of the reaction 
and predict the adsorption state with time, it is 
essential to know the kinetics of the processes 
[34,35].

The results of kinetic experiments of copper 
adsorption from aqueous solutions by manganese 
ferrite nanoparticles using pseudo-first-order and 

pseudo-second-order kinetic models are shown in 
Table 2. As indicated in these tables, the coefficient 
of determination (R) in the pseudo-second-order 
model is higher than the first-order pseudo-
model, which indicates that the second-order 
pseudo-model has more capability than the first-
order pseudo-model in fitting the removal data 
related to copper from aqueous solutions (Fig. 9 
and Fig. 10). The results of Moradi’s investigation 
conducted on the removal of copper and lead 
from aqueous solutions using magnetic iron oxide 
nanoparticles show that both metals follow the 
relationship of H0 adsorption kinetics [36]. In 
addition, Donglin et al. used manganese dioxide 
nanoparticles and indicated that kinetic studies of 
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Fig. 11. Langmuir isotherm diagram of copper adsorption by manganese ferrite nanoparticles



27J Nanostruct 13(1): 16-28, Winter 2023

S. Shahidizandi et al. / Synthesis of MnFe2O4 and Its Applications in Cu Removal from Aqueous Solutions

these nanoparticles follow a pseudo-second-order 
model [28].

Adsorption Isotherms
Isotherms show the relationship between the 

concentration of adsorbent in solution and the 
amount of absorbed substance on the adsorbent 
at a constant temperature [19,20].

Figs. 11 and 12 indicate the Langmuir and 
Freundlich adsorption isotherms. The parameters 
related to these isotherms are presented in Table 
3. In these figures, a high value of R or coefficient 
of determination indicates that the experimental 
data follow both the Langmuir and Freundlich 
equations. Nevertheless, the Freundlich model 
fits the test data better due to the higher value 
of R2. The closer the value of R2 is to 1, the more 
the adsorption mechanism follows the model. 
Moreover, the maximum absorption capacity of 
Langmuir was 169.49 mg/g [7].

Lower doses of the absorbents with higher 
adsorption capacities are required for a certain 
amount of adsorption, which is considered an 
advantage. In addition, Yoming Ren et al. used 
manganese dioxide nanoparticles to adsorb 
copper and lead, which followed the Langmuir 
adsorption isotherm [9].

CONCLUSION
The results indicated that manganese ferrite 

nanoparticles at an optimal pH=7 significantly 
removed copper from water in a short time 
of approximately 1 h. With increasing the 
concentration of nanoparticles, the removal 
efficiency increased; however, the adsorption 
capacity decreased. The results of investigating 
the adsorption isotherms indicated that 
the Freundlich model is a better fit for the 
experimental data compared to the Langmuir 
model.                   Moreover, Kinetic studies indicated 
that the copper adsorption process is consistent 

with the pseudo-second-order kinetic model. In 
general, the results of this study revealed that 
the use of manganese ferrite nanoparticles is a 
new and effective technology to purify the water 
system of heavy metals such as copper. 
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