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a b s t r a c t
Orange peel powder was impregnated with magnetic nanoparticles through co-precipitation with 
Fe3O4 nanoparticles and used for the removal of Ni(II) from aqueous solutions. The adsorbent mag-
netic nanoparticles orange peel powder (MNP-OPP) was characterized by Fourier-transform infrared 
spectroscopy for surface functional group and scanning electron microscope for the surface mor-
phology. The effectiveness of Ni(II) removal was studied systematically as a function of solution 
pH 2–7, amount of adsorbent 20–220 mg, contact time 20–60 min, initial metal ion concentration 
200–120 mg L–1 and temperature 303–363 K. Maximum uptake of Ni(II) (98.12%) was observed at pH 
7 with 60 min agitation time. The kinetic studies showed that the data followed second-order kinetics 
with a correlation coefficient of 0.9948. Adsorption isotherms show that the data fitted to Langmuir 
adsorption isotherm (R2 = 0.9954) with the monolayer adsorption capacity (Q0) of 110.12 mg g–1. 
The thermodynamic study revealed that the adsorption of Ni(II) ions onto the MNP-OPP composite 
was spontaneous and endothermic. The effect of different coexisting ions like alkali, alkaline earth 
metals and transition metals was studied and the results revealed that orange peel with magnetic 
nanoparticle composite can be used for removal of Ni(II) from water samples as an alternative adsor-
bent. The method was successfully applied to real environmental water like tap water, canal water 
and river water with quantitative % adsorption results.
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1. Introduction

Toxic heavy metals mentioned by World Health Orga-
nization include lead Pb(II), Cd(II), Zn(II), Ni(II), Co(II), 
Cu(II) and Hg(II) [1]. These heavy metals cause severe 
health problems in the central nervous system, reproductive 
system and immune system of human beings [2]. Among 
these heavy metals nickel is the 24th abundant element in 
the earth’s crust, used in storage batteries, steel manufactur-
ing, electroplating and dyeing industries [3]. Nickel is useful 
at trace amount because it activates some enzymatic activity 
like urease, discovered by Zerner in 1975 [1]. The amount 

of nickel greater than permissible levels causes skin derma-
titis, renal edema, and lung cancer. Therefore the removal 
of nickel to permissible limits from natural water is an 
important task [3,4].

Methods reported for heavy metals removal include ion 
exchange, solvent extraction, reverse osmosis, electrodialysis 
precipitation, flocculation and membrane separation [5,6]. 
These methods have disadvantages such as high running 
cost, toxic chemical sludge, and high capital investment; also 
the methods are not environmentally friendly. Therefore, 
environmental friendly technologies are required to bring 
the concentration of heavy metals to the permissible level [7]. 
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Among the separation methods, adsorption is commonly 
used for the removal of heavy metals from water samples. 
It has advantages over the other methods due to its low cost, 
availability of adsorbent and removal of heavy metals from 
aqueous solutions to very low concentrations [3]. Various 
kinds of adsorbents were used such as mesoporous silica, 
zeolites, biomass, and biopolymers [8].

Biosorbent is a type of adsorbent derived from biologi-
cal material like agriculture waste, forest waste, and algae, 
etc. In recent years, different low cost and easily available 
biosorbent like waste tea leaves [3] pine bark [9], sawdust 
[10], peat biomass [11], algae [12], fly ash [13], yeast bio-
mass [14], almond husk [15], carbonized sawdust [16], and 
seaweed waste [17] was employed for the removal of Ni(II) 
from water samples. Orange peels consist of cellulose having 
hydroxyl and carbonyl functional group, which are the active 
sites for binding the heavy metals.

Advancement of the nanotechnology is important due 
to its widespread application in different fields like min-
eral separation, catalysis, magnetic refrigerating system, 
magnetic storage devices, heat transfer application in drug 
delivery system, magnetic resonance imaging and cancer 
therapy [18,19]. Magnetic nanoparticles (MNP) have a large 
surface area, magnetic properties, a large number of active 
sites for metals, exhibits good adsorption efficiency and can 
be used as an adsorbent for the removal of heavy metals 
[1]. The methods such as hydrothermal synthesis [20], ther-
mal decomposition [21], the sol-gel method [22], colloidal 
chemistry method [23] and co-precipitation method [24] are 
used for the synthesis of MNP.

The present work aimed to prepare a composite of 
waste orange peel with magnetic nanoparticle (MNP-OP). 
Orange peel contains pectin, lignin, cellulose, and hemi-
cellulose, rich in hydroxyl and carboxyl groups, while the 
MNP possesses merits of high surface area and separation 
convenience with an external magnet. Therefore, the com-
bined effect of functional groups of orange peel and the 
high surface of MNP in MNP-OP composite adsorbent was 
evaluated for the removal of Ni(II) ions in the batch method 
from aqueous solution.

2. Experimental setup

2.1. Chemicals

All chemicals used were of analytical reagent grade or 
similar purity and used without further purification. Standard 
solutions of Ni(II) were prepared by diluting the stock 
solution (1,000 mg L–1) purchased from E. Merck Company 
(Darmstadt, Germany). Ferric chloride hexahydrate 
(FeCl3·6H2O), and ferrous sulfate heptahydrate (FeSO4·7H2O), 
supplied by BDH laboratories, BH15 ITD Poole, England. 
Ammonia solution (35%), hydrochloric acid (37%), sodium 
hydroxide, boric acid, phosphoric acid, and acetic acid were 
supplied by Sigma-Aldrich (St. Louis, MO, USA).

2.2. Instrumentation

A Perkin-Elmer flame atomic absorption spectrometer 
Model AA 200 Perkin Elmer (CA, USA) with air–acetylene 
flame having 10 cm long-slot burner head was used for 

absorbance measurements. The hollow cathode lamps were 
used as radiation sources with the working condition as 
prescribed by the manufacturer.

The surface morphology of the prepared MNP-OP was 
analyzed by scanning electron microscopy (SEM) using 
JSM5910 (JEOL, Tokyo, Japan). The specimens for SEM anal-
ysis were prepared by coating the samples as a thin layer 
with double adhesive carbon tape over aluminum stubs. The 
functional groups in the surface of orange peels (OP) and 
MNP-OP composite were confirmed from the infrared spec-
trum analyzed by IR Prestige– 21 SHIMADZU (Tokyo, Japan).

The N2 adsorption/desorption was carried out on a 
Surface Area Analyzer, NOVA2200e Quantachrome, USA at 
77.4 K. The samples were outgassed before analysis at 100°C 
for 2 h using high vacuum line to remove all the adsorbed 
moisture or gases from the adsorbent surface and pores. 
The surface area of the sample was calculated using both 
the Brunauer–Emmett–Teller (BET) and Barrett–Joyner–
Halenda (BJH) method, the pore volume was calculated 
from the adsorbed nitrogen after complete pore condensa-
tion (P/P0 = 0.995) using the ratio of the densities of liquid 
and gaseous nitrogen. The pore size and pore volume were 
calculated using the BJH method.

2.3. Adsorbent preparation

OP from juice shops and local markets were collected. 
For the removal of dirt particles, the orange peel was washed 
with distilled water, dried and ground. The crushed orange 
peels were passed through a sieve and obtained uniform 
particle size <355 µm.

The chemical precipitation method is one of the most 
reliable methods used for the preparation of MNP [19]. 
Fe(II) and Fe(III) were mixed in a 1:2 ratio in basic media 
for co-precipitation. For this purpose, 6.3 g of FeCl3·6H2O 
and 4.2 g FeSO4·7H2O were dissolved in 200 mL of distilled 
water with vigorous stirring under the nitrogen atmosphere. 
The solution was kept at 80°C; black precipitate of Fe3O4 
was obtained when 20 mL of 25% ammonia solution was 
added. For the composite preparation of Fe3O4 with orange 
peel, 10 g of OP was added to the solution at 80°C for 60 min 
under vigorous stirring. The resultant Fe3O4-OP was filtered, 
washed with distilled water and dried in an oven at 100°C. 
The Fe3O4-OP composite obtained was checked for its mag-
netic property with a magnetic rod, it was observed that 
adsorbent was attracted towards the magnetic rod.

2.4. Batch adsorption studies

Adsorption behavior of Ni(II) for 40 mg L–1 concentra-
tion was studied as a function of pH from 2 to 8. The ini-
tial pH values were adjusted with Briton Robinson buffer 
solution containing 100 mg of an adsorbent. The contents 
were agitated for 60 min at 150 rpm, the suspensions were 
separated with an external magnet and the residual Ni(II) 
concentration was analyzed with atomic absorption spec-
troscopy (AAS). The effect of contact time at 150 rpm was 
studied for different time intervals from 20–60 min with 
40 mg L–1 Ni(II) concentration, 100 mg adsorbent and pH 7. 
For equilibration studies, the concentration of Ni(II) was 
varied from 20–220 mg L–1 for 60 min. The thermodynamic 
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parameters were determined by performing the adsorption 
experiments at different temperatures from 30°C to100°C 
with 10°C interval. For the determination of percent adsorp-
tion and adsorption capacity, the following two equations 
were used [25,26].

Percent Adsorption of Ni II( ) = −
×

C C
C

e0

0

100  (1)

Adsorption capacity q C C V
me e( ) = −( )0  (2)

where C0 and Ce are the initial and equilibrium concentra-
tion of Ni(II), qe is the adsorption capacity in mg g–1, V is 
the volume of Ni(II) in mL, m is the mass of adsorbent in 
gram. Different kinetic and isotherm models were applied to 
explain the process of adsorption. All the experimental stud-
ies were performed in triplicate and average results were 
reported.

3. Results and discussion

3.1. Characterization of adsorbent

The MNP-OP composite was characterized using surface 
area and SEM. The BET and BJH surface area of MNP-OP 
composite were found to be 40.98 and 376.76 m2 g–1 respec-
tively. The BJH pore volume was found 1.43 cc g–1 and pore 
size 129.02 Å.

For the identification of surface functional group, Fourier-
transform infrared (FTIR) spectra of OP and MNP-OP com-
posite were recorded (Fig. 1). The comparison of the FTIR 
spectrum of OP (Fig. 1a) and MNPs-OP (Fig. 1b) composite 
shows the appearance, disappearance, and shifting of some 
peaks. Band shifting from 3,327; 2,918; and 1645 cm–1 on OP 
to 3,334; 2,923; and 1,623 cm–1 on MNPs-OP corresponding 
to the bonded –OH groups (carboxylic acid, phenols, and 
alcohols), –CH stretching and –C=O stretching in carboxyl 
group indicates that the MNPs are successfully bonded to 
OP. The disappearance of peak at 1,730 cm–1 on MNP-OP 
composite (present in OP due to stretching vibration of non-
ionic carboxyl group –COOH) shows the binding of Fe with 

the –OH of the carboxyl group. The strong band at 1,012 cm–1 
in both OP and MNP-OP is due to –OCH3 groups confirms 
the presence of lignin in OP. The peek for the Fe–O is around 
540–548 cm–1.

SEM micrograph of OP, MNP-OP composite, MNP-OP 
composite after adsorption of Ni(II) and SEM image MNP 
are presented in Fig. 2. Fig. 2a shows the porous surface mor-
phology of (OP) with an average pore size of 20 µm. Fig. 2b 
presents the MNP-OP composite shows that (OP) is covered 
with MNP and all the MNP aggregated on the surface of OP. 
In Fig. 2c, the surface morphology of the MNP-OP composite 
after adsorption of Ni(II) shows that the surface of adsorbent 
flattened as compared to the adsorbent before Ni(II) adsorp-
tion. While the SEM image of MNP shows that the nano-
particles are successfully synthesized having a particle size 
between 10–100 nm.

3.2. Effect of pH

In metal ion adsorption study, hydrogen ion concen-
tration is an important parameter that affects the metal ion 
adsorption in solution. pH effect on % adsorption of Ni(II) 
ions onto MNP-OP composite is shown in Fig. 3. It can be 
concluded from Fig. 3 that percent adsorption increased 
with an increase in pH value from pH 2 to pH 7 with about 
54%–97% adsorption. The point of zero charge (pzc) of the 
MNP-OP composite was determined and found pH 6.0 [19]. 
At pH < pHpzc, the MNP-OP composite is positively charged 
while at pH > pHpzc the MNP-OP composite is negatively 
charged. The low values of percent adsorption at lower pH 
may be due to the competition of H+ ions with Ni(II) ions and 
H+ ions are adsorbed preferentially than the Ni(II) ions. An 
increase in pH values leads to a decrease in H+ ions concen-
tration and an increase in Ni(II) ions adsorption on MNP-OP 
composite. The adsorption of Ni(II) ions on MNP-OP com-
posite is due to ion exchange mechanism with weakly acidic 
hydroxyl and carboxyl groups as well as due to protonation 
and deprotonation of Fe3O4 nanoparticles present on the 
surface of the adsorbent. The protonation and deprotonation 
of MNP-OP composite surface are as follows:

Fe–O–(C=O)–(OH)n + H+ ⇌ Fe–O–(C=O)–(OH2
+)n (3)

 

(a) (b)

Fig. 1. FTIR spectra of (a) OP and (b) MNP-OP.
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At lower pH –Fe–O–(C=O)–(OH2
+)n is the predomi-

nant species and due to electrostatic repulsion between 
the positive charge adsorbent and Ni(II) occur which leads 
to decrease in adsorption of Ni(II) ions. At higher pH, the 
surface becomes negatively charge and –Fe–O–(C=O)–(OH)n 
is the dominant species. Electrostatic attraction between the 
deprotonated surface of adsorbent and Ni(II) ions results in 
increased adsorption. The adsorption process is mainly an 
ion-exchange and complexation process.

Fe–O–(C=O)–(OH)n + Ni(II) ⇌ Fe–O–(C=O)–(O–Ni)+
n + nH+ (4)

3.2. Effect of amount of adsorbent

For the maximum interaction between sites of adsorbent 
and Ni(II) ions in solution, an optimum amount of adsor-
bent dose is required. Therefore, the effect of adsorbent 
dose on adsorption of Ni(II) ions on MNP-OP composite 
was studied in the range of 0.02–0.22 g and the results are 
shown in Fig. 4. The results showed that with an increase 
of adsorbent dose from 0.02 to 0.17 g; adsorption of Ni(II) 
also increased from 82.9% to 97.0%. There is no signifi-
cant increase in the % adsorption of Ni(II) above 0.17 g of 
the adsorbent. This indicates that after a certain dosage of 
MNP-OP composite adsorbent, the maximum adsorption is 
obtained hence the amount of Ni(II) ions remains constant 
even with further increase in the adsorbent dosage, which 
further increases the available binding sites. Therefore fur-
ther analyses were carried out with 0.17 g of MNP-OP com-
posite as an adsorbent dosage.

3.3. Effect of agitation time

To observe the effect of agitation time on adsorption, 
it was varied from 15 to 120 min with a constant shak-
ing speed of 150 rpm and the results are shown in Fig. 5.  

 

 

(a) (b)

(c) (d)

Fig. 2. SEM images of (a) OP, (b) MNP-OP, (c) MNP-OP after adsorption of Ni(II), and (d) MNP.

Fig. 3. Effect of pH on % adsorption of Ni(II) using MNP-OP as 
an adsorbent.
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The adsorption of Ni(II) ions is rapid in the beginning 15 min 
due to the free binding sites available on the MNP-OP com-
posite. The equilibrium of percent adsorption reaches in 
60 min for Ni(II) ions due to the used up of available binding 
sites and no pronounced effect was observed after 60 min.

3.4. Kinetic studies

To determine the rate constants, the kinetic data of Ni(II) 
adsorption on MNP-OP composite was evaluated by pseudo- 
first-order kinetics and pseudo-second-order kinetics. The 
mechanism of adsorption was evaluated by an intraparticle 
diffusion model. The following equation was used to express 
pseudo-second-order kinetics:

log log
.

q q q
K t

e t e−( ) = − 1

2 303
 (5)

The values of equilibrium adsorption capacity (qe), the 
rate constant for pseudo-first-order (K1) and correlation coef-
ficient (R2) was calculated from the plot of pseudo-first-or-
der kinetics (Fig. 6a) and are given in Table 1. The value 
of adsorption capacity (21.55 mg g–1) calculated from the 
model is less than the experimental adsorption capacity 
(147.43 mg g–1) value as well as the low value of R2 (0.797).

Pseudo-second-order kinetics model can be expressed by 
the following equation:

t
q

t
q K qt e e

= +
1

2
2

 (6)

The values of rate constant for pseudo-second-order 
kinetics (K2) and equilibrium adsorption capacity (qe) were 
calculated from the slope and intercept of the pseudo- 
second-order kinetic model (Fig. 6a and Table 1). The calcu-
lated adsorption capacity value (149.25 mg g–1) is closer to 
the experimental adsorption capacity value (147.43 mg g–1) 
with a high correlation co-coefficient (R2 = 0.999). Therefore 
the data follows the pseudo-second-order kinetic equa-
tion (Table 1). Similar results have been reported in the 
literature [27,28].

For the evaluation of adsorption mechanism, Intraparticle 
diffusion model was applied and the following equation 
was used:

q K t Ct = +int

1
2  (7)

where qt is the sorption capacity at time t, Kint is the intra-
particle diffusion rate constant, t is the time (min) (Fig. 6b). 
The figure shows that the adsorption plot is not linear over 
the whole time range studied and can be separated into two 
linear regions which confirm the multistage of adsorption. 
The first part signified that the Ni(II) ions were transported to 
the external surface of the MNP-OP composite through film 
diffusion and its rate was rapid. It may conclude from the 
figure that none of the plots gives a linear straight line segment 
passing through the origin. It indicates that some other mech-
anism such as ion exchange or complexation may also control 
the rate of adsorption along with the film diffusion process.

3.5. Isotherms studies

Adsorption isotherms were applied to analyze the 
maximum adsorption capacity of MNP-OP composite as 

Fig. 4. Effect of adsorbent dose on % adsorption of Ni(II) as an 
adsorbent.

Table 1
Kinetic parameter of the adsorption of Ni(II) on the surface of MNP-OP

Metal ion Experimental

Kinetic models

Pseudo-first-order Pseudo-second-order Intra particle diffusion 

qe mg g–1 K1 min–1 qe µg g–1 R2 K2 min–1 qe µg g–1 R2 Kint min–1 C R2

Ni(II) 147.428 0.060 21.550 0.797 0.006 149.250 0.999 0.030 137.370 0.834

Fig. 5. Effect of agitation time on % adsorption of Ni(II) as an 
adsorbent.
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an adsorbent for Ni(II). Langmuir and Freundlich isotherm 
models were applied. The parameter of these isotherms 
expresses the surface characteristics and the affinity of adsor-
bent towards adsorbate.

Langmuir adsorption isotherm was applied for the 
adsorption of Ni(II) on the MNP-OP composite. This adsorp-
tion isotherm is applicable for monolayer adsorption on 
homogenous surfaces within the MNP-OP composite. The 
linear form of the Langmuir isotherm is given as:

C
q K

a C
K

e

e L

L e

L

= +
1  (8)

where qe is the adsorption capacity in (mg g–1), Ce is the equi-
librium concentration of the metal ion in (mg L–1), aL and KL 
are Langmuir constant related to the adsorption energy and 
adsorbate–adsorbent binding force respectively. The plot 
of Ce/qe to the Ce is a straight line and is shown in Fig. 7a. 
The high value of the correlation coefficient (R2 = 0.9954) 
revealed that the equilibrium data fitted well to the experi-
mental data by this model with adsorption capacity (Q°) of 
110.12 mg g–1 (Table 2). The same results for Ni(II) adsorption 
have been reported in the literature [3,16].

The adsorption of the metal ions on the heterogeneous 
surface can be explained by using Freundlich adsorption iso-
therm, which is express by the following linear equation:

log log log q k
n

Ce F e= +
1

 (9)

where KF is the relative adsorption capacity and 1/n indicates 
the intensity of the adsorption process. The plot between 
log qe and log Ce gives a straight line as shown in Fig. 7b. The 
value of 1/n and KF were calculated from the slope and inter-
cept and given in Table 2. The value of n lies in between 1 
and 10 indicate that the adsorption process is favorable with 
relatively good value of correlation coefficient (R2 = 0.9750).

3.6. Thermodynamic studies

Effect of temperature on percent adsorption of Ni(II) onto 
MNP-OP composite was studied in the range from 303 to 
363 K. The results revealed (Fig. 8) that an increase in adsorp-
tion occurred with an increase in temperature. The reason 
may be the availability of adsorption sites at high tempera-
tures and desolvation of the species. High temperature also 

  

(a) (b)

Fig. 6a. Pseudo-second-order kinetics model for adsorption of Ni(II) as an adsorbent.(b) Intraparticle diffusion model for adsorption 
of Ni(II) as an adsorbent.

(a) (b)

Fig. 7. (a) Langmuir adsorption isotherm for adsorption of Ni(II) using MNP-OP as an adsorbent, and (b) Freundlich adsorption 
isotherm for adsorption of Ni(II) using MNP-OP as an adsorbent.
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leads to increased mobility of the Ni(II) ions and an increase 
in a collision between Ni(II) ions and MNP-OP composite 
adsorbent. It shows that high temperature favors the uptake 
of Ni(II) onto MNP-OP composite which indicated that the 
adsorption process is endothermic.

Thermodynamic parameters, that is, ΔH°, ΔS°, and ΔG° 
were determined using the Van’t Hoff equation. The basic 
thermodynamic equations used are as:

K
q
CD
e

e

=  (10)

∆G D
0 = −RT ln k  (11)

ln
RT

K S
R

H
D = −

∆ ∆0 0

 (12)

where KD is the equilibrium constant, qe and Ce are the equilib-
rium concentration of the metal ion on the adsorbent (mg L–1) 

and the concentration of the metal ion in the solution (mg L–1) 
respectively. An increase in the KD value with an increase 
in temperature shows that the adsorption process is endo-
thermic. The positive values of (ΔS°) and (∆H°) in Table 3 
also show that the process is endothermic. The decrease in 
ΔG° values with an increase in temperature reveals that the 
adsorption of Ni(II) on to MNP-OP composite becomes bet-
ter at a higher temperature. The positive value of ΔS° for the 
adsorption process indicated that there was an increase in 
randomness at the adsorbent-solution interface during the 
adsorption of the Ni(II) ions on the adsorbent sites, therefore, 
suggesting good affinity of Ni(II) on to MNP-OP composite 
adsorbent.

3.6. Effect of coexisting cations

The effect of different coexisting cations K+, Na+, Ca2+, 
Mg2+, Cr3+, Cu2+ was studied on the adsorption of Ni(II) on 
the MNP-OP composite (Fig. 9). Wastewater contains dif-
ferent cations and it is important to study the competitive 
adsorption of these coexisting cations. As can be seen from 
the results that divalent metal ions affected the adsorption 
capacity of Ni(II), and decreased the adsorption capacity 
with an increase in the concentration of divalent metal ions 
from 1,000 to 2,000 µg which may be due to competitive 
adsorption of divalent metal ions for the sites on MNP-OP 
composite adsorbent. The competitive adsorptions generally 
vary with change in metal ion and depend on ion charges, 
molar mass, hydration energy of metal ion and ionic radii 
of hydrated metal ions.

3.7. Application to the real sample

The proposed adsorption method was applied for the 
removal of Ni(II) from real water samples collected from 
various areas of Pakistan. The water sample (10 mL) was 
taken, spiked with a known amount of Ni(II) and the removal 
efficiency of Ni(II) was determined. The removal efficiency 
of Ni(II) in all types of water studied varies from 97.91% to 

Table 3
Thermodynamic parameters for the adsorption of Ni(II) on to MNP-OP

Temperature (K) ln KD ∆G° (KJ mol–1) ∆H° (KJ mol–1) ∆S° (KJ mol–1)

303 3.716 –9.392

24.191 0.112
318 4.294 –11.390
333 4.842 –13.450
348 5.145 –14.933
363 5.251 –15.900

Table 2
Comparison of different isotherm parameters

Adsorbent

Isotherm model

Freundlich Langmuir

KF (mg g–1) n 1/n R2 KL (L g–1) aL (L mg–1) Q° (mg g–1) R2

Ni(II) 100.620 2.120 0.471 0.975 555.550 0.500 110.120 0.995

Fig. 8. Effect of temperature ions on % adsorption of Ni(II) using 
MNP-OP as an adsorbent.
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99.68% which shows that the effect of the coexisting metal 
ion is negligible (Table 4).

The method was compared with other solid phase 
extraction method in the literature using the value of adsorp-
tion capacity (Table 5). It can be concluded that the adsorbent 
used in this method is far better in its adsorption capacity as 
compared to other adsorbents.

4. Conclusion

In the present work waste MNP-OP and used for the 
removal of Ni(II) from water samples. Results indicated that 
the adsorption of Ni(II) on MNP-OP depends on pH and 
maximum Ni(II) was achieved at pH 7. The kinetic mod-
els show that the data fitted to the pseudo-second-order 
kinetic model because the experimental adsorption capac-
ity qe (147.428 mg g–1) is closed to the calculated adsorption 
capacity qe (149.250 mm g–1) from pseudo-second-order 
kinetic. The adsorption isotherm was best described by the 

Langmuir adsorption isotherm with a high coefficient value 
of 0.995. The results of thermodynamic parameters showed 
that the adsorption of Ni(II) on MNP-OP is spontaneous and 
endothermic. The effect of coexisting metal ions was studied 
which showed that the presence of divalent metal ions had 
no significant effect on the removal efficiency of Ni(II) from 
aqueous solution. The most promising advantages of the 
prepared MNP-OP adsorbent are high surface area, environ-
ment-friendly and separation convenience with an external 
magnet from aqueous solutions.
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