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Abstract  Öz 

In this study, the capability of chemically synthesized hydroxyapatite-
magnetite (HAp/Fe3O4-MHAp) nanocomposite for the sorption of Zn(II) 
ions was investigated. Magnetite-hydroxyapatite nanocomposite 
(MHAp) has been chosen as an adsorbent because of its excellent 
properties such as stability, low cost and effective sorption power. 
Adsorption process were tried to find the optimum conditions of the 
parameters for Zn(II) removal such as pH, concentrations of initial 
Zn(II) and adsorbent and reaction time. Nanocomposite properties 
were also characterized by using Fouirer Transform Infrared 
Spektrofotometre (FTIR), Scanning Electron Microscope (SEM) and 
Energy-dispersive X-ray Spectroscopy (EDX) techniques. Our results 
showed that the adsorption kinetic of Zn(II) using HAp/Fe3O4 composite 
fitted to the pseudo-second-order kinetic model. Calculations were 
carried out to determine which isotherm model the adsorption fits by 
using Langmuir, Freundlich, Tempkin, and Dubinin-Radushkevich  
(D-R) equations. Adsorption potential of MHAp nanocomposite was 
obtained 555.55 mg/g, and best removal value of 96% were determined 
at pH of 6.0, optimum adsorbent concentration of 6.25 g/L, in 25 mg/L 
Zn(II) concentration and optimum mixing time of 30 min. This study 
showed that the MHAp can be considered an effective adsorbent on the 
Zn(II) removal from wastewater.  

 Bu çalışmada, kimyasal olarak sentezlenen hidroksiapatit ve nano 
manyetit partiküllerinden manyetit-hidroksiapatit (HAp/Fe3O4-MHAp) 
nanokompozit malzemesi üretilmiş ve sulardan Zn(II) iyonlarının 
gideriminde adsorbent olarak kullanılmıştır. MHAp nanokompozit 
materyali düşük maliyet, kullanım ve üretim kolaylığı, yüksek stabilite 
ve etkili sorpsiyon kapasitesi gibi özelliklere sahip olduğu için 
seçilmiştir. Kesikli adsorpsiyon prosesine etki eden parametreler 
örneğin pH, başlangıç Zn(II) konsantrasyonu, adsorbent 
konsantrasyonu ve reaksiyon süresi için optimum değerlerin 
belirlenmesine yönelik deneyler gerçekleştirilmiştir. Elde edilen 
kompozit malzemenin özelliklerini belirlemek amacıyla Fourier 
Dönüşümlü Kızılötesi Spektroskopisi (FTIR), Taramalı Elektron 
Mikroskopu (SEM), Enerji yayılımlı X-Işını Analizi (EDX) kullanılmıştır. 
Adsorpsiyonun izoterm tipini belirlemek için Langmuir, Freundlich, 
Tempkin ve Dubinin-Radushkevich (D-R) izoterm modelleri denenmiş 
ve reaksiyonun zamanla değişimini tespit etmek amacıyla kinetic 
çalışmaları yürütülmüştür. Elde edilen sonuçlar, HAp/Fe3O4 

kompozitinin sulardan Zn(II) iyonlarının gideriminde başarılı bir 
adsorbent olduğunu ve reaksiyon kinetiğinin Yalancı İkinci Dereceden 
Kinetik Modele uyduğunu göstermiştir. Optimum deneysel koşullarda 
(pH:6.0, 25 mg Zn(II)/L, 30 dk, 6.25 g/L MHAp) maksimum sorpsiyon 
kapasitesi 555.55 mg/g ve giderim verimi %96 olarak tespit edilmiştir. 

Keywords: Adsorpsiyon, Atıksu, Çinko, Giderim, Hidroksiapatit, 
Manyetit. 

 Anahtar kelimeler: Adsorption, Hydroxyapatite, Magnetite, 
Removal, Wastewater, Zinc. 

1 Introduction 

Many industrial wastewater contains heavy metal ions in 
different concentrations, and they must be removed from the 
discharges before reach to the receiving environments. Zn(II) 
ions can be presented at high concentrations in wastewaters 
resulted from several industries such as pharmaceutical, 
pigment, paint, pesticide, cosmetic, and leachate of landfills 
[1],[2]. Various methods are used to treatment of these trace 
ions such as chemical, physical, and electrochemical treatment. 
The most important parameters before choosing the most 
appropriate treatment methods for an application should be 
economy and sustainability of the used technique when 
considering large volumes of wastewaters. Adsorption is a 
speed, effective and economical process to remove metal ions 
in wastewater treatment applications when adsorbents used in 
have high sorption capacities [3]. An adsorbent to be evaluated 
in the adsorption process should have a high surface area and 
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reach to equilibrium state by holding pollutants in its surface as 
soon as possible [4]. Several adsorbents are used in the studies 
to remove various pollutants from wastewater such as organic 
polymeric and inorganic materials [5],[6]. In recent years, iron 
oxide based materials with economical costs and 
superparamagnetic properties are widely used as adsorbents, 
since they are non-toxic, easy to manufacture and environment 
friendly [7],[8]. Nano-adsorbents can be used in the 
environmental purification techniques because of their high 
sorption capacity within a short time [9]. 

Magnetite (Fe3O4) contains +2 and +3 loaded iron ions in its 
compound, and shows superparamagnetic properties. 
Magnetite nanoparticles are in the size of nanometers 
Magnetite nanoparticles have different nano sizes according to 
their different production methods and usage areas. [10]. The 
surface of Fe3O4 has hydroxyl groups [11] and this feature 
provide it effective metal removal by electrostatic attraction 
with positively charged metal cations.  
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Polymers have been also used in the adsorption experiments 
because of their low costs, reusability, recoverability and 
performance [12]. Recently, magnetic hydroxyapatite (MA-
HAP) composite has been used in the wastewater treatment 
studies as a new adsorbent material due to its high affinity to 
metal ions, low cost and eco-friendly characteristics [13]-[17]. 
Apatites are a natural source of phosphorus, and are found in 
the bone tissues of living things [18]. Hydroxyapatite (HAp-Ca5 
(PO4) 3 (OH)) is also an efficient adsorbent for heavy metals, 
paints and several pollutants in wastewater. [19]-[21]. In 
addition, preparation of HAp is easier for practical applications 
than other materials such as biochar, clays [22], and nanotubes 
and zeolites [23],[24]. There are many studies by using HAp to 
as an adsorbent material to remove several metal ions. For 
example, Smiciklas et al. [25] obtained quite high sorption 
potentials for Pb2+, Cd2+ and Zn2+ as 676.1, 67.8 and 37.5 mg/g, 
respectively. Xia et al. [26] reported in their study for the Sr2+ 

removal efficiency from nuclear effluents with HAp as 98.94%. 
In addition, Sugiyama et al. [27] reported that heavy metal 
cations immobilized with phosphates of the HAp, and a 
dissolution-precipitation mechanism of metal phosphates 
contributed the metal removal [28].  

In this present work, hydroxyapatite/magnetite (HAp/Fe3O4) 
was prepared to separate Zn(II) ions from water and to develop 
a new adsorbent for Zn(II) ions. The experimental factors 
affecting the process such as pH, reaction time, and 
concentration of Zn(II) were investigated. In order to find rate 
of the adsorption of Zn(II) ions, kinetic studies were also made, 
and kinetic and isotherm models that best describe the 
research results were explained.  

2 Material and methods 

2.1 Chemicals 

All chemicals used in this research were analytical grade 
(Merck). 

2.2 Preparation of MHAp  

One of the methods used in synthesizing magnetite 
nanoparticles is co-precipitation method. In this method, Fe+2 
and Fe+3 ions are precipitated as black precipitates in an inert 
environment such as nitrogen gas at high temperature. The 
sizes and shapes of nanoparticles produced vary with the effect 
of factors such as iron salt, pH, and ratio of +2 and +3 loaded 
iron ions in its structure [29],[30]. 

Magnetite nanoparticles were prepared according to Thanh et 
al. [31]. 23.3 g FeCl3.6H2O and 8.6 g FeCl2.4H2O were dissolved 
in 400 mL distilled water at 80 oC in nitrogen gas medium, and 
30 mL of 25% NH4OH solution was added. The mixture was 
allowed to cool at room temperature. Precipitate (Fe3O4) was 
separated with a magnet and washed with distilled water until 
the reach a neutral pH value. Magnetite-hydroxyapatite 
nanocomposites (MHAp) were prepared with the addition of 
Fe3O4 particles. 14.7 g of CaCl2, 6.9 g of NH4H2PO4 and 11.6 mL 
of C2H5OH were added to this precipitate and mixed for 30 
minutes. After mixing, 10% NH4OH was added to solution until 
the pH reached to 11.0. After the mixture was kept at room 
temperature, the precipitate in it was collected with magnet 
and washed with distilled water until the neutral pH. Finally, 
the mixture was dried in the oven at 50 oC and stored in the 
desiccator for use in experiments. 

2.3 Adsorbent characterization 

SEM analyses were used to identify synthesized MNP and 
MHAp particles. The characterization of the adsorbents was 
analyzed by FTIR, and XRD was used for elemental analysis. The 
pH measurements were made by pH-meter (Hanna HI 2211 
pH/ORP). ICP-OES (Optima 2100-Perkin Elmer) was used to 
determine Zn(II) concentrations in water.  

2.4 Experiments  

Adsorption reactions were occurred at room temperature by 
using batch method. The pH adjustments were made using 
0.1M HCl and 0.1M NaOH solutions. After adsorption, the 
adsorbent was removed from the water by precipitation with a 
magnet, and the solution was then centrifuged using a 
centrifuge. Zn(II) concentrations were measured to determine 
removal efficiencies. 

The pH effect on Zn(II) removal was studied by mixing 6.25 g/L 
MHAp with 25 mg/L Zn(II) containing solutions. The pH was 
adjusted to pH:2.0-9.0 range. Because of the metal hydroxide 
precipitation occurred at pH>8.5, the maximum pH value was 
chosen as pH 9.0. Experiments were conducted at different 
HAp/Fe3O4 dosages of 1.25-12.5 g/L with constant pH 
(optimum) and 25 mg/L Zn(II) concentration to find optimum 
adsorbent concentration. Similarly, different Zn(II) 
concentrations of 10-100 mg/L, and different reaction times of 
5-180 min experiments were conducted at to find optimal 
conditions. The kinetic behavior of Zn(II) adsorption on MHAp 
was studied by measuring its residual concentrations with time 
intervals. 

The Zn(II) uptake capacity, 𝑞 (mg/g) was examined based on 
the Eq. (1); 

𝑞 =
𝐶0 − 𝐶𝑒

𝑀
× 𝑉 (1) 

𝐶0 and 𝐶𝑒; Zn(II) concentrations at the beginning of the 
experiments and at equilibrium after adsorption (mg/L), 𝑉; 
solution volume (L), and 𝑀; mass of the MHAp (g/L).  

2.5 Kinetic experiments 

Kinetic behavior of a process refers to the time dependence of 
the mechanism. The most commonly used equations developed 
for the purpose of explaining the adsorption kinetics are 
pseudo first order, pseudo second order and intraparticle 
diffusion models. The pseudo first-order kinetic model 
introduced by Lagergren has been applied for the initial stages 
in which the adsorption process has not yet reached its 
equilibrium. This equation is as follows [32] (Eq. 2). 

𝑑𝑞

𝑑𝑡
= 𝑘1(𝑞𝑒 − 𝑞𝑡) (2) 

After the integration, equation is converted the formula below 
(Eq. 3). 

𝑙𝑜𝑔(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑜𝑔(𝑞𝑒) −
𝑘1

2.303
𝑡 (3) 

In this equation 𝑞𝑒 and 𝑞𝑡 show the adsorbate amount at 
equilibrium and at any time of 𝑡 (mg/g). 𝑘1 is the rate constant 
(1/min) The equation of the pseudo second order kinetic 
model, which is in harmony with the speed control mechanism 
throughout the adsorption period, is as follows [33] (Eq. 4). 
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𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

𝑡

𝑞𝑒
 (4) 

𝑘2 is the rate constant(g/mg.min). The slope and intercept 
values were calculated to find the rate constant. This model 
provides to design and find size of the adsorption reactor. 

Intraparticle diffusion model (Weber-Morris) was developed to 
define an inexplicable adsorption model with pseudo first and 
pseudo second order kinetic models [34] (Eq. 5) 

𝑞𝑒 = 𝑘𝑝𝑡0.5 (5) 

𝑞𝑒  is adsorbate amount at 𝑡 time (mg/g); 𝑘𝑝 is rate constant of 

model (mg/g 1/2); 𝑡0.5: half time (min) 

2.6 Adsorption isotherms 

The data obtained from adsorption experiments were 
investigated by using five different isotherm models such as 
Langmuir (Eq. 6), Freundlich (Eq. 7), Dubinin Radushkevich  
(D-R) (Eq. 8, 9), Tempkin (Eq. 10, 11), and Scatchard (Eq. 12) 
models to determine the optimum isotherm model: 

1

𝑞𝑒
=

1

𝑏𝑞𝑚𝐶𝑒
+

1

𝑞𝑚
 (6) 

𝐼𝑛𝑞𝑒 = 𝐼𝑛𝐾𝑓 +
1

𝑛𝐼𝑛𝐶𝑒
 (7) 

Where, 𝑞𝑒 (mg/g) is MHAp capacity for Zn(II) adsorption, 𝐶𝑒 is 
Zn(II) concentration in equilibrium (mg/L), 𝑞𝑚 is maximum 
capacity of MHAp for Zn(II) adsorption (mg/g), 𝐾𝑓  and 𝑏 are the 

coefficients of Freundlich and Langmuir models, and 𝑛 is the 
exponent of Freundlich model. 

Isotherm equation for D-R shows the porosity of the adsorbent 
for intraparticle diffusion. The basis of the isotherm equation is 
based on the micropore volume distribution [35]. As the 
adsorption energy decreases, the capacity of the adsorbate to 
fill the pores on the adsorbent is increased. 

ε = RTIn(1 +
1

𝐶𝑒
) (8) 

𝐼𝑛𝑞𝑒 = 𝐼𝑛𝑋𝑚 − 𝐾ε2 (9) 

Where; 𝑋𝑚: maximum capacity of MHAp for Zn(II) adsorption 
(mg/g); 𝐾: isotherm constant; ε: Polanyi adsorption potential 
(kj/mol); R: Universal gas constant (8.314 j); T: Temperature 
(oK) 

Interactions between the adsorbed substances are taken into 
account in the Tempkin isotherm. This isotherm was developed 
according to the adsorption enthalpy of all molecules in 
solution. 

𝑞𝑒 = 𝐵𝐼𝑛𝐴𝑇 + 𝐵𝐼𝑛𝐶𝑒 (10) 

𝐵 =
𝑅𝑇

𝑏𝑡
 (11) 

𝑏𝑡: Tempkin constant (J/mol); 𝐴𝑇: Equilibrium binding 
constant (L/g); 𝑇: Temperature (oK) 

Scatchard isotherm can give more reliable results than 
Langmuir and Freundlich isotherm equations when it is used 
for the characterization of various materials, and 
characteristics of the adsorbate material. In other words, it is 

possible to comment on the suitability of the Langmuir and 
Freundlich models from the Scatchard curve derived for an 
adsorption process. 

𝑞𝑒

𝐶𝑒
= 𝑄𝑠𝐾𝑠 − 𝑞𝑒𝐾𝑠 (12) 

where; 𝑄𝑠: maximum capacity of MHAp for Zn(II) adsorption 
(mg/g), and 𝐾𝑠: Binding constant 

3 Results and discussion 

3.1 Characterizations of the adsorbents 

The main factors affecting the efficiency of an adsorbent are its 
physical and chemical structure used in the process. Adsorbent 
surface area and its particle structure are also factors affecting 
the adsorption efficiency. Increasing surface area and 
decreasing particle size positively affect adsorption. In the 
present study, FTIR analyses were made to identify the 
adsorbents before and after the adsorption, and spectra were 
obtained as below (Figure 1). 

 

Figure 1. FTIR analyses before (red line) and after (green line) 
the adsorption process of the MHAp. 

In the FTIR spectrum, the signaling of the oxygen-hydrogen 
(OH) bonds was observed in the 3196 cm-1 and 3360 cm-1 
regions. The peaks of 1634-1637, and 1025-1027 cm-1 
correspond the C=C and C-O stretching. The peak in the area of 
1418~1435 cm-1 is considered to belong to the high phosphate 
stretch region. The peaks in the 598 cm-1 and in the 559 cm-1 
regions are considered to the Fe-O stress zone and low 
phosphate stretch zone. The FTIR spectrum confirmed that the 
magnetite-hydroxyapatite nanocomposite contains oxygenated 
functional group. It can be said that all these groups affect heavy 
metal removal by acting as an existing adsorption site [36]. 
When the FTIR spectra after adsorption were examined, it was 
interpreted that peaks at 3196 cm-1, 1634 cm-1 and 1435 cm-1 
regions were relatively lost before adsorption, and zinc could 
be bounded to the bonds in these regions. SEM surface analyses 
of the adsorbent before and after the adsorption were occurred, 
and the following images were obtained (Figure 2). When the 
post-adsorption results are examined, it is possible to say that 
this porous and hollow structure is less than before and the 
adsorption is successful. 
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(a)  (b) 

 

 

 

(c)  (d) 

 

 

 

(e)  (f) 

Figure 2. SEM surface analyses of MHAp nanocomposite particles before (a), (b), (c) and after (d), (e), (f) the adsorption process. 

 

The data obtained from the EDX elemental analyses of the 
adsorbent are as follows (Figure 3). Elemental analysis of 
MHAp showed that it contains 12.50% Calcium (Ca), 54.78% 
Oxygen (O), 9.74% Iron (Fe) and 8.96% Phosphorus (P) in its 
mass. After the adsorption process, its EDX analysis showed 
that it contains 33.14% Ca, 19.19% O, 28.50 Fe, 14.46% P, and 
1.52% Zn(II) in its mass. In the EDX analysis after the 

adsorption, the presence of zinc appears in addition to the 
elements in the structure of the adsorbent, and it implies that 
Zn(II) adsorption took place on the MHAp surface successfully. 
Decrease in the calcium content of the adsorbent can be 
interpreted as replacement of calcium ions with zinc ions after 
the adsorption process. 

 



 
 
 
 

Pamukkale Univ Muh Bilim Derg, 27(3), 368-377, 2021 
Y. Uysal, A. Canbakış 

 

372 
 

 
 

 

(a) 

 
 

 

(b) 

Figure 3. Elemental analysis of MHAp nanocomposite before. 
(a): and after the adsorption (b). 

3.2 Experiments 

3.2.1 The change of Zn(II) adsorption by MHAp with pH 

pH is an important factor affecting the treatment efficiency of 
an adsorption process. Because pH value of a solution directly 
affects the behavior of metal ions in the dissolved state, and 
adsorbent surface charge. pH also affects the adsorption of 
other ions on the adsorbent surface because of hydrogen and 
hydroxide ions are strongly adsorbed. The pH effect on 
adsorption process was studied by adding MHAp nanoparticles 
(6.25 g/L) to the flasks containing 10 and 25 mg/L Zn(II) ions 
at different pH (2.0-9.0) for 60 minutes (Figure 4). 

It is clearly seen from Figure 4 that the adsorption of Zn (II) on 
to MHAp increased with increasing pH, and this positive effect 
on adsorption revealed the pH had strong effect on the process. 
The best removal efficiencies were obtained at pH 6.0 and 9.0. 
However, in order to be close to neutral pH, easy to apply and 
to prevent precipitation of metal ions at high pH, pH 6.0 was 
selected as optimal pH, and other batch experiments were 

occurred at pH 6.0. Thanh et al. [31] used the magnetite-
hydroxyapatite nanocomposite to remove copper and nickel 
ions. They tried different pH ranges of (3.0-5.0) and (3.0-7.0), 
in their experiments, and found the most suitable pH values as 
5.0 and 7.0 for copper and nickel ions, respectively. Similarly, 
Nahid et al. [37] used magnetite amino nanoparticles as 
adsorbents for zinc ions removal. They carried out the 
experiments at different pH (2.0-7.0), initial zinc concentration 
of 5-20 mg/L, adsorbent dosages of 0.005-0.040 g/25 mL, 
adsorption time of 5-120 min, and temperature of 308-333 K 
range. They reported the optimum pH range for maximum 
Zn(II) removal was as 6.0-8.0. 

 

Figure 4. The change of Zn(II) removal by pH (MHAp: 6.25 g/L, 
t: 60 min). 

The results of the study are consistent with the results of 
literature studies obtained for Zn(II) removal with different 
adsorbents such as clays [38]; geopolymeric powder of LD 
(Linz-Donawitz) [39] and hydrous MnO2 [41]. Thanh et al [32] 
reported that Fe3O4 bound with hydroxyapatite to form a 
heterogeneous surface. The success of the magnetite-
hydroxyapatite composite in adsorbing of metal ions has been 
mainly explained by 4 mechanisms: complexing on the surface, 
ion exchange, dissolution/precipitation and electrostatic 
attraction [40]. The both mechanisms of holding on to the 
surface and forming complexes are effective especially at high 
pHs (>4.0) [41]. 

3.2.2 The change of Zn(II) adsorption by MHAp with 
MHAp concentration  

Adsorbate concentration changes the capacity of adsorbent and 
reaction rate. Since the amount of adsorbate per unit volume 
will vary at different concentrations, the amount of adsorbed 
adsorbate will also change. Thus, experiments were made by 
using the amount of adsorbents in the range of 1.25-12.5 g/L at 
pH 6.0 (Figure 5). As seen in Figure 5, Zn(II) removal 
efficiencies for both concentrations of 10 and 25 mg/L 
increased up to 6.25 g/L adsorbent concentration, and they did 
not change significantly after. Increasing of binding sites for 
Zn(II) with the presence of high adsorbent addition lead to 
increase of active sites on their surface, so this caused to 
increase of Zn(II) removal efficiencies. The maximum removal 
efficiency of 79.6% was obtained at the maximum MHAp 
concentration of 12.5 g/L while, this value was found as 78% 
for 6.25 g/L adsorbent concentration. For this reason, optimum 
MHAp dose was chosen as 6.25 g/L for next set of experiments. 
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Figure 5. The change of Zn(II) removal by MHAp dosage 
(MHA: 6.25 g/L, t: 60 dk., pH:6.0). 

Harja and Ciobanu [42] studied the removal of oxytetracycline 
(OTC) by hydroxyapatite from wastewater with adsorption 
method. They kept the adsorbent concentration at 0.1-5.0 g/L 
by fixing the experimental conditions constant (pH=8.0, OTC= 
50 mg/L, time: 1 h, 20±1 °C) that affect the process. Removal 
efficiency of OTC increased with increasing adsorbent 
concentration, and maximum removal efficiency was achieved 
at 2 g/L adsorbent dose. The increase of the surface area 
increases the active areas on the surface of the hydroxyapatite, 
so the removal efficiency has also increased directly. They also 
reported out that main adsorption mechanism of OTC onto HAp 
is surface complexation. Periyasamy et al. [43] used 
hydroxyapatite alginate beads as adsorbents for Cr(VI) removal 
at pH range of 3.0-11.0, adsorbent dosages of 0.05-0.2 g/50 mL, 
Cr(VI) concentration of 100-200 mg/L, and reaction time of 10-
100 min. They determined optimum adsorbent dose of 0.2 g/50 
mL for adsorption process.  

Wang et al. [44] used hydroxyapatite-biochar nanocomposite 
(HAP-BC) adsorbent to remove lead, copper and zinc ions in 
single and ternary metal system. Adsorption experiments were 
conducted on different experimental conditions such as pH 
(2.0-6.0), initial metal ion concentrations (25-1000 mg/L), time 
(10-1440 min), and HAP-BC concentration (1000 mg/L). Since 
the adsorbent surface is charged positively at low pH, the 
formation of electrostatic repulsion forces between heavy 
metal ions negatively affected the adsorption efficiency. When 
pH increased, adsorption efficiency increased by high 
electrostatic attraction forces.  

3.2.3 The change of Zn(II) adsorption by concentration 
and time  

Industrial wastewater can contain more than one heavy metal 
ion at different concentrations. Therefore, pre-process 
concentrations of heavy metal ions are an important factor 
directly affecting adsorption efficiency. Zinc concentration 
effect (10-100 mg/L) on adsorption was determined by 
keeping the other parameters constant (pH=6.0, MHAp: 6.25 
g/L, t: 60 min, T: 22±2°C). The adsorbed amount of Zn(II) 
decreased with increasing zinc ion concentration because of the 
solution’s adsorbent dose was constant (Figure 6). It was 
decided to choose optimum Zn(II) concentration as 25 mg/L in 
order to reach high removal efficiency of 82%. 

 

Figure 6. The change of Zn(II) removal by initial Zn(II) 
concentration (MHAp: 6.25 g/L, t: 60 dk., pH:6.0, 10-100 

mg/L). 

In the adsorption process, a certain time is required to adhere 
the adsorbate to the adsorbent surface. Thus, one of the most 
important criteria to be determined in the applications of the 
adsorption is to determine the optimum contact time. 
Adsorption efficiency will increase with increasing of the 
contact time up to a certain period, and it will reach to stable 
value after the reach to equilibrium. In order to find contact 
time effect on the process, experimental runs were conducted 
at pH 6.0, adsorbent dose of 6.25 g/L, and in 10-100 mgZn(II)/L 
for 5-180 min. According to Figure 7, the removal efficiency 
reached the maximum in the first 30 minutes, then a reduction 
was occurred, and did not change over time after from 60 min. 
Batch experiments were carried out for 60 min, where the 
adsorption forces were determined to be time required to reach 
equilibrium. 

 

Figure 7. The change of Zn(II) removal by reaction time 
(MHAp: 6.25 g/L, pH: 6.0, 10-100 mgZn(II)/L, t: 10-180 min). 

3.3 Adsorption kinetics 

In order to find kinetic behavior of Zn(II) adsorption by MHAp, 
different kinetic models were tried on the experimental results 
(Figure 8). 
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Figure 8. The pseudo first order. (a): Pseudo-second order.  
(b): and intraparticle diffusion. (c): Models for Zn(II) removal 

by MHAp. 

Correlation coefficients (R2) were calculated, and the 
parameters of each model were summarized to see which of the 
examined models explain the kinetic results of our study better 
(Table 1). 

Table 1. Kinetic behavior of MHAp for Zn(II) removal  
(pH 6.0, 6.25 gMHAp/L, 25 mg Zn(II)/L, 22±2 °C). 

Kinetic models Parameters Value 

 

 

 

Pseudo-first order 
kinetic 

𝑞𝑒 (mg/g) 4.491 

𝑘1 (min−1) 0.010 

R2 0.749 

SS 9.750 

MS 1.083 

P 0.0026 

 

 

 

Pseudo-second order 
kinetic 

𝑞𝑒 (mg/g) 58.479 

𝑘1 (g/mg.min) 80.645 

R2 0.999 

SS 12.287 

MS 1.228 

P <0.0001 

 

 

 

Intraparticle diffusion 

𝑞𝑒 (mg/g) 34.681 

𝑘𝑝 (mg/g·min0.5) 50.925 

R2 0.981 

SS 2077200 

MS 207720 

P <0.0001 

SS: Sum of Squares; MS: Mean Squares; Results are statistically 
significant (p<0.05). 

The pseudo second order equation with R2 value of 0.9995 was 
found to best kinetic equation to describe Zn(II) the adsorption 
kinetic on nanohydroxyapatite powders followed by the 
intraparticle (pore) diffusion model (R2: 0.9812). This result 
shows that adsorption does not only occur due to the 
mechanism of holding or complexing on the surface, but also 
zinc ions are diffused into the micro and nano pores of MHAp. 
The obtained results revealed that Zn (II) ions diffuse to the 
surface of MHAp, and then a two-stage adsorption takes place 
in the form of diffusion into the particle of the adsorbent [42].  

3.4 Adsorption isotherms 

Chemical structures of the adsorbents and their surface are 
important factors affecting the adsorption reactions and 
isotherm behaviors. The adsorption reaction continues until 
the capacity of the solid surface used reaches the equilibrium. 
Adsorbent adsorbs pollutants in water until all surface areas 
are filled. At the maximum adsorption point, the amount of 
adsorbate remaining in the solution does not change. 
Adsorption isotherms define the relationship between 
adsorbent and adsorbate. Process feasibility can be assessed for 
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a given application for example the most suitable adsorbent can 
be selected and the adsorbent dosage requirements can be 
determined by using experimental isotherms. The regression 
coefficients of the four isotherm models used, and the 
parameters required to show the which isotherm is compatible 
are given in Table 2. 

Table 2. Isotherms and their calculated parameters used in the 
Zn(II) adsorption on MHAp. 

Isotherms Parameters 

 

Langmuir 

R2 𝑏 𝑞𝑚  

0.998 0.041 555.550 

 

Freundlich 

R2 𝐾𝑓  𝑛 

0.999 23.33 1.198 

 

Tempkin 

R2 𝐵 𝑏𝑡 

0.9091 100.480 0.678 

 

Scatchard 

R2 𝐾𝑠 𝑄𝑠 

0.840 0.0255 828.039 

Dubinin 
Radushkevich 

R2 𝐾 𝑋𝑚 

0.8028 -1x10-6 199.930 

The correlation coefficients (R2) for Freundlich and Langmuir 
models were found to be higher than the correlation coefficient 
values for the other models. Based on the R2 values, it was 
revealed that Freundlich model defines the adsorption of zinc 
ions by MHAp very well and show the adsorption occurs in the 
form of multiple layers. Especially the value of 1/n close to 1 
showed that adsorption occurs with a homogeneous 
distribution. In addition, Langmuir model with high R2 value of 
0.9978 has defined the adsorption process very well. The 
maximum adsorption capacity by unit adsorbent mass was 
calculated as 555.55 mg/g for Zn(II) from Langmuir model.  

4 Conclusions 

In this study, Zn (II) adsorption of MHAp from water was 
investigated as an innovative adsorbent material. In this study, 
the success of magnetic MHAp, which prepared with magnetite 
and hydroxyapatite powders by coprecipitation method on the 
adsorption, and the suitability of the obtained data to kinetic 
and isotherm models were studied. Adsorption reactions were 
dependent on pH, adsorbent dosage, and contact time. The 
adsorption process occurred fast and reached its maximum in 
the first 30 min with 6.25 g/L MHAp for all studied Zn(II) 
concentrations of 10-100 mg/L. In the first 30 min, it reached 
to maximum removal efficiencies of >90%. Therefore, MHAp 
has shown excellent adsorption performance for Zn(II) as an 
innovative magnetic adsorbent with a quite high qm value of 
555.55 mg/g. The kinetic behavior of MHAp adapted to pseudo-
second order kinetic and pore diffusion models very well, and 
isotherm results could be explained by Freundlich and 
Langmuir isotherms. Results showed that magnetite-
hydroxyapatite nanocomposite could be a new adsorbent for 
zinc removal from wastewater in the treatment applications. 
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