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Abstract
Nanomagnetic-hydroxyapatite (NMHAp) has been synthesized and characterized by means of
FTIR and TEM analysis. The sample was tested for the removal of Cd2+ ions from their aqueous
solutions using batch method. The presence of magnetic particles facilitates the recovery of
adsorbent after adsorption process. The specific surface area of the prepared sample is about 58
m2/g. The uptake value obtained was 80.72 mg/g. Results showed that the Langmuir isotherm
better fits sorption data than Freundlich model. Factors influencing the removal percent as pH,
contact time, adsorbent dose and initial metal ion concentration have been discussed.
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1. Introduction
Water pollution is the contamination of water bodies (e.g. lakes, rivers, oceans ….. etc). The
contamination of water by heavy metal ions arising from mining operations, textile industries,
metal plating, tannery, etc., is a major environmental problem. As the large quantities of heavy
metals resulted from discharge of industrial waste into the natural environment e.g. irrigation of
agricultural fields by using sewage has resulted in a number of environmental problems [1] and
due to their non-biodegradability and persistence, can accumulate in the environment elements
such as food chain, and thus may pose a significant danger to human health [2]. There are many
methods that are being used for removal of heavy metal ions include chemical precipitation,
evaporation, filtration, electrolysis, reverse osmosis and Ultraviolet light [3]. Adsorption process
appears to be the most effective, especially for effluents with moderate and low concentrations. It
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has received more attention and increasing application due to a lot of factors: simplicity of
design, high efficiency with high uptake capacity and low cost during the multi-adsorption
interaction processes [4].
Application nanotechnology in the field of water purification, nanotechnology gives the
possibility of an efficient removal of pollutants. Nanotechnology is the engineering of
manipulating matter at the nanoscale (1-100 nm) at least one dimension [5]. At this scale,
materials possess novel size-dependent properties which are different from their large
counterparts due to its high specific surface area. Magnetic nanoparticles are a class of
nanoparticle which can be manipulated using magnetic field gradients. Such particles commonly
consist of magnetic elements such as iron, cobalt and nickel and their chemical compounds. The
magnetic nanoparticles have been recently the focus of much research because they possess
attractive properties which give potential use in catalysis including nanomaterial-based catalysts,
biomedicine, tissue specific targeting, magnetically tunable colloidal photonic crystals,
microfluids, magnetic resonance imaging, magnetic particle imaging [6], data storage [7],
environmental remediation, nanofluids, optical filters and cation sensors. The physical and
chemical properties of magnetic nanoparticles largely depend on the synthesis method and
chemical structure [8].
Hydroxyapatite (HAp) is one of the most popular phosphates, with chemical formula
Ca10(PO4)6(OH)2. The common crystal phase is hexagonal, but the monoclinic phase can be
present [9]. HAp can be synthesized in the laboratory by many methods including the sol-gel
process [10], hydrothermal synthesis [11], microwave synthesis [12], ultrasonic spray pyrolysis
[13], wet precipitation [14], emulsion system synthesis and sonochemical synthesis [15].
The specific properties of NHAp are related to various surface characteristics, e.g., surface
functional groups, acidity and basicity, surface charge, hydrophilicity and porosity. HAp has
been used for the removal of many pollutants from contaminated soils and wastewater [16, 17].
Magnetic separation technique is an efficient, fast and economical method for separating
magnetic materials. The main advantage of this technology is that it can dispose a mass of
wastewater in a very short period of time and produce no contaminants. Nanomagnetichydroxyapatite (HAp/Fe3O4) has been prepared for the purpose of removing lead ions [18], and
Zn2+ ions [19] from aqueous solutions.
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The objective of this study is to investigate the removal efficiency of nanomagnetichydroxyapatite NMHAp as an alternative adsorbent material for the removal of Cd2+ ions from
aqueous solutions.

2. Experimental
2.1. Chemicals
Calcium nitrate tetrahydrate, Ca(NO3)2.4H2O, di-ammonium hydrogen-phosphate, (NH4)2HPO4,
ammonia solution and NH4OH, were used for the synthesis of NHAp powder. In addition, Ferric
chloride FeCl3, Cupper chloride CuCl2, Cetyl trimethylammonium bromide, CTAB and sodium
hydroxide NaOH were used for the synthesis of cupper ferrites. cadmium sulfate octahydrate
and 3CdSO4·8H2O were used as sources of Cd2+.
2.2. Synthesis of HAp nanopowder and nanomagnetic particles:
2.2.1. Synthesis of nano-hydroxyapatite powder:
Nano-HAp, Ca10(PO4)6(OH)2, was synthesized via solution-precipitation method [20]. In this
method Ca(NO3)2.4H2O and (NH4)2HPO4 are used as starting materials and ammonia solution
for pH adjustment. The pH was kept 11 in all experiments using ammonia suspended solution. In
The next step nano-HAp was precipitated and removed from the solution by centrifugation at
speed of 3000 rpm then the precipitate was dried at a temperature of 100 ºC.
10 Ca(NO3)2.4H2O + 6 (NH4)2HPO4 + 8 NH4OH

Ca10(PO4)6(OH)2
+20 NH4NO3 +20 H2O

2.2.2. Synthesis of nanomagnetic-hydroxyapatite:
Cupper ferrite is synthesized according to the sol-gel method. CuFe2O4 was prepared using
CuCl2 and FeCl3. Then add 5 g of CTAB dissolved in 100 mL hot water. The mix was stirred for
one hour. Then 1M NaOH was added drop by drop till brown solution was formed and the pH
was kept at 9. This sol was stirred for about 2 hours. The next step is aging for 5-days. The mix
was filtrated and washed several times with distilled water. The final precipitate was dried at 100
ºC. The dried sample was calcined at 550 ºC. A ratio of (1: 9 g) of (Cu. ferrite: NHAp)
suspended in 50 mL of distilled water then stirred in ultrasonic bath for an hour then it was
filtrated and dried at 100 ºC.
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2.3. Characterization of NMHAp adsorbent:
The FT-IR spectra of the synthesized materials were recorded on a Pye-Unicam Sp-883 PerkinsElmer spectrophotometer between 4000 and 400 cm−1 using KBr pellet technique. The
nanostructure of NMHAp powder was studied using high resolution transmission electron
microscopy (HRTEM) after drying at 100 ºC.
2.4. Uptake experiments:
2.4.1. Effect of initial metal ion concentration
The effect of initial metal ion concentration on the removal percent was examined at fixed
adsorbent dose (0.05 g/ 50 mL) and fixed temperature (25oC) shaked at 531 rpm. The residual
concentration of each metal ion through Inductively Coupled Plasma (ICP), Optima 5300 DVPerkin-Elmer. The percent heavy metal ions removal was calculated using the following
equation:
(1)
where, C0 is the initial concentration of metal ion (mg L-1);
Ce is the metal ion concentration after adsorption (mg L-1).
The adsorption capacity of the adsorbent, qe (mg metal per g dry adsorbent) can be calculated
from the equation:
(2)
where, V (in liter) is the solution volume and w (in gram) the amount of dry adsorbent.
2.4.2. Effect of initial pH
Adsorption of Cd2+ on NMHAp adsorbents under controlled pH was carried out using 0.05 g of
dry adsorbent in a series of flasks each contains 50 mL of a specific metal ion solution of
concentration 40 ppm. The pH was adjusted using 0.01M HCl and 0.01M NaOH.
2.4.3. Effect of contact time
The effect of contact time on the uptake of Cd2+ by NMHAp adsorbent was investigated using
0.05 g of dry adsorbent in a series of flasks each containing 50 mL of a specific metal ion
solution and the natural pH of metal ion solutions. The contents of the flasks were shacked on a
vibromatic shaker at 25±1 ºC. The samples were taken at predetermined time intervals ranging
from 5 to 120 min. The residual concentration of the metal ion was determined as reported
before.
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2.5.4. Effect of ionic strength
Different values of Potassium chloride KCl (0.1-0.5 g/50 mL, 0.05 g adsorbent) were added to
metal ions solutions with affixed concentration of each metal ion. After 60 min of continuous
shaking, the solutions were centrifuged and then filtered.
2.5.5. Effect of dosage
Experiments were carried out taking different amounts of nano-adsorbent (0.025, 0.05, 0.075 and
0.1 g /50 mL) keeping the heavy metal ion parameters constant.

3. Results and discussion
3.1. Characterization of nanomagnetic-hydroxyapatite adsorbent
The FTIR spectrum of NMHAp powder was scanned in the range of 4000-400 cm-1. IR spectra
indicate that all spectra possess broad bands near 3500-3300 and 1629 cm-1 due to strongly
adsorbed and/or bound water in the adsorbent materials. A strong band appears at 3437.3 cm-1 for
NMHAp which is due to the vibrational of hydroxyl ions; the peak appeared at 1034 cm-1 is
attributed to stretching vibrations of PO43- while the bands located at 1384, 602 and 564 cm-1 are
corresponding to the bending vibrations of PO43-. The data obtained are given in Table 1 and
shown in Fig. 1.
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Fig. 1. FTIR spectra of nanomagnetic-hydroxyapatite
Table (1): Assignments of observed vibrational frequencies of NMHAp powder.
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Assignments

NMHAp

Structural OH-

3437.3

H2O absorbed

1627.9

PO43- bend ν3

1384.2

PO43- stretch ν1

1034.1

PO43- bend ν4

602.3

PO43- bend ν4

564.0

The morphology and nanostructure of NMHAp adsorbents is studied using high-resolution
transmission electron microscopy (HRTEM). The results of HRTEM obtained for NMHAp
indicate the presence of some needle-like particles of NHAp with one main difference the
agglomeration of nearly cubic particles having sizes 28-45 nm together with small particles of
NHAp shielded with magnetite as shown in Fig. 2.

Fig. 2. HRTEM micrographs of NMHAp
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3.2. Adsorption studies
Factors influencing the removal heavy metal ions removal from their aqueous solutions were
investigated to properly choose the optimizing parameters of the adsorption process.
3.2.1. Effect of initial Metal ion concentration on metal Ion uptake
The metal ions uptake mechanism is particularly dependent on the initial heavy metal ions
concentration; at low concentrations, metals are adsorbed by specific active sites, while with
increasing metal ion concentrations the specific sites are saturated. Fig. 3 shows the plot of
experimental data points for the adsorption of Cd ions on NMHAp as a function of equilibrium
concentration (Ce) at different initial metal ion concentrations. As shown, the qe-values increase
with increasing initial metal ion concentration. The maximum equilibrium qe-values obtained for
Cd (II) on nanomagnetic-hydroxyapatite are 80.7 mg/g. These results confirmed that the initial
heavy metal ions concentration played an important role in the adsorption onto MHAP surface.
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Fig. 3. Effect of initial metal ion concentration on the uptake of Cd (II) using NMHAp as
adsorbent at 25ºC.
3.2.2. Effect of pH on metal ion uptake
Hydrogen ion concentration is one of the most essential parameters in the adsorption study that
affect the adsorption behavior of heavy metal ions in aqueous. Adsorption of different metal ions
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on the adsorbent materials under consideration was studied at varying pH values to optimize the
maximum metal ion removal.
The pH dependence on metal ion uptake is due to solubility of metal ions and the ionization state
of the various functional groups (carboxylate, hydroxyl, phosphate and amino groups) on the
surface. NMHAp has functional groups (PO4-3 and OH-) which carry negative charges that allow
the adsorbent to be potential binding sites for cations [21]. The removal of Cd (II) is about 69.2%
at pH=3. The relationship between pH and metal ion removal is shown in Fig. 4. Since high
proton concentration at lower pH, heavy metal ion uptake was decreased due to the positive
charge density on metal ion binding sites. Namely hydrogen ions effectively compete with metal
ions to bind the sites. The negative charge density on the cell surface increases with increasing in
pH due to de-protonation of binding sites. The metal ions then become more competitive against
to bind the sites which increases the metal ion uptake [22]. The removal of Cd (II) increases to
about 97.1% at pH=7. Studies beyond pH=8 for cadmium ions were not attempted because
precipitation of the ions as hydroxides is expected [23, 24].
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Fig. 4. Effect of pH on the removal percent of Cd (II) on NMHAp at 25ºC.
3.2.3. Effect of contact time on metal ion uptake
Equilibrium time is an important parameter for an economical wastewater treatment system. In
general for a given concentration, the amount of metal ion adsorbed increases rapidly with time
at the beginning, then non-linearly at a slower rate and finally attain saturation at equilibrium
time, which is dependent on concentration for each adsorbent.
The results of adsorption of metal ions on NMHAp as function of time are shown in Fig. 5. The
percent metal ion removal increased rapidly for Cd (II) in the beginning due to the presence of a
8
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larger number of active adsorption sites on the surface of adsorbent being available for the
adsorption of the metal ions. The removal percent is about 98 % after 60 min. contact time.
Evidently, the equilibrium time for this metal ion is regarded to be about 60 min. for further
applications.
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Fig. 5. Effect of contact time on the removal percent of Cd (II) on NMHAp at 25ºC.
3.2.4. Effect of adsorbent dosage on metal ion uptake
Experiments were carried out taking different amounts of nano-adsorbent keeping the heavy
metal ion concentration constant in order to obtain an optimum condition as shown in Fig. 6. It is
evident that the efficiency increases for Cd ions. The increase in the efficiency is due to an
increase in the number of active sites on the surface of the different nanoparticles available for
the reaction, which in turn increases the rate of adsorption [25]. The removal efficiency of
cadmium ions removal increases from 90.3% to 99 % after 60 min when the adsorbent dose
increases from 0.025 to 0.1 g/50 mL.
3.2.5. Effect of salinity on metal ion uptake
Generally, adsorption decreases with increasing ionic strength of the aqueous solution [26]. The
electrostatic attraction at low ionic strength appears to play a negligible role in the removal of
metal ions for sorbent. The results for NMHAp as adsorbent indicate that there was a slight
decrease in the removal of Cd (II) ions from 95% to 83% for the interval of salinity studied.
Therefore, this adsorbent can be applied for heavy metal ions removal from wastewaters
containing high amount of salts. The data obtained are shown in Fig. 7.
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Fig. 6. Effect of adsorbent dosage on the removal percent % of Cd (II) on NMHAp at 25ºC.
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Fig. 7. Effect of salinity on the removal percent % of Cd (II) on NMHAp at 25ºC.
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3.2.6. Adsorption isotherms
3.2.6.1. The Langmuir model
The Langmuir adsorption isotherm has been successfully applied to many pollutants adsorption
processes and has been the most widely used sorption isotherm for the sorption of a solute from a
liquid solution assuming that all adsorption sites have the same energy [27]. The isotherm can be
represented as follows:
…………… (3)
The above equation can be rearranged to the common linear form:
……..….... (4)
Where Ce is the equilibrium concentration (mg/L); qe is the amount of metal ion adsorbed per
unit mass of adsorbent (mg/g); Q0 is qe for a complete monolayer (mg/g), and k is a constant
related to the affinity of the binding sites (L/mg). The values of Q0 and k for all adsorbents are
determined, respectively, from slopes and intercepts of the linear plots of Ce/qe vs. Ce.
Maximum sorption capacity (Q0) represents monolayer coverage of sorbent with sorbate.
The different adsorption parameters for the adsorption of Cd (II) on NMHAp as adsorbent are
collected in Table 2. The plot of Ce/qe vs. Ce, (Fig. 8), gives a straight line with slope and
intercept of 1/Q0 and 1/K Q0, respectively. This indicates that the adsorption process is mainly
limited to monolayer formation and proceeds according to Langmuir’s isotherm. The higher the
values of R2, the more applicable the model for the metal ion examined.
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Fig. 8. Langmiur adsorption isotherms of Cd (II) on NMHAp at 25ºC.
3.2.6.2. The freundlich model
On the other hand, the Freundlich isotherm model assumes that the adsorption occurs on
heterogeneous surface at sites with different energies of adsorption and with non-identical
adsorption sites that are not always available [28]. Freundlich model can be represented by the
linear form as follows:
……………… (5)
where KF is the Freundlich constant (mg/g)/ (L/mg) and n is the heterogeneity factor. The K F
value is related to the adsorption capacity; while 1/n value is related to the adsorption intensity
which varies with the extent of heterogeneity of the surface of material used (adsorbent). When
1/n values are in the range 0.1< 1/n <1, the adsorption process is favorable [29]. A plot of ln qe
versus ln Ce, gives a straight line from which the values of KF and 1/n can be determined from
the intercept and the slope, respectively. If n is below one, the adsorption is chemical process;
otherwise, the adsorption is physical process [30].The value of n exceed one, suggesting the
adsorption is physical process indicated from the results obtained given in Table 2 and shown
graphically in Fig. 9.
However, the regression coefficient of correlation R2 values exceed 0.9 for Langmiur model
while they were low for all heavy metal ions in Feundlich model indicating a deviation from
linearity and suggesting that the Langmuir model is closely fitted with the experimental results
obtained.
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Fig. 9. Freundlish adsorption isotherms of Cd (II) on NMHAp at 25ºC.

Table (2): Adsorption isotherms parameters of Cd (II) on NMHAp.
Langmiur isotherm
Metal

Freundlich isotherm

Qo

K

R2

1/n

n

Kf

R2

59.88

0.55

0.99

0.185

5.4

31.5

0.61

ion
Cd2+

3.2.7. Adsorption kinetic study
The adsorption/time data obtained were applied on two simplified kinetic models, namely like
the pseudo-second-order and pseudo-first-order models as well.
3.2.7.1. Pseudo-first-order model.
The pseudo-first-order model is expressed as follows:

log (q e  q t )  log q e  (

k1
2.303

)t
………….. (6)

where k1 is the rate constant of pseudo-first order (min−1), qe and qt represent the values of
amount adsorbed at time (t) and at equilibrium, respectively. The kinetic parameters are
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determined from the linear plots of log (qe – qt) vs. (t) as shown in Fig. 10 and Table 3. The
validity of the model is checked by the fitness of the straight line (R2) as well as the consistence
between experimental and calculated values of qe. From their intercept and slope, the values K1
and qe are calculated.
3.2.7.2. Pseudo-second-order model
The pseudo-second-order model is expressed as follows [31]:

t
1
1

 t ……………. (7)
2
q t k 2q e q e
where k2 is the pseudo-second order rate constant of adsorption (g. mg-1. min-1), qe and qt (mg/g)
refer to the amount of metal ions adsorbed at equilibrium and at time (t), respectively. The
different kinetic parameters for the adsorption of Cd2+ on NMHAp surface are cited in Table 3.
The plots of t/qt vs. t gave straight lines for all heavy metal ions as indicated in Fig. 11.

.

The validity of each model was checked by the fitness of the straight line (R 2). It was found that
the R2 values obtained for the pseudo-second order model are higher than those obtained for the
first-order kinetic model; this indicates that the pseudo-second order model fitted with the results
obtained.
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Fig. 10. Pseudo- first order kinetic model of the uptake of Cd (II) on NMHAp.
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Fig. 11. Pseudo- second order kinetic model of the uptake of Cd (II) on NMHAp.
Table (3): Adsorption kinetic parameters of Cd (II) on NMHAp.
Pseudo-second order

Metal

K2

qe

ion

(gmg-1min-1)

(mg/g)

Cd2+

0.0545

38.16

Pseudo-first order
R2

0.99

K1

qe

(min)-1

(mg/g)

0.0074

1.195

R2

0.53

4. Conclusion
In the present study, cupper ferrite has been synthesized by sol-gel method and then
homogeneously mixed with nano-hydroxyapatite. The prepared composite was confirmed as an
effective adsorbent for the removal of Cd (II) ions from aqueous solutions. The following results
can be highlighted from the results obtained from this study:
* The specific surface area of the prepared sample is about 58 m2/g, nanostructure of
needle-like particles and with a mesoporous nature.
15

Egyptian Journal of Environmental Research

EJER, Vol. 6, January 2017

* The maximum equilibrium qe-value obtained for Cd (II) on NMHAp is 80.7 mg/g.
* The pseudo-second order model is fitted with the results obtained.
* Langmiur isotherm better fits adsorption data rather than the Freundlich model.
These characteristics make NMHAp adsorbent a good candidate in the field of wastewater
treatment.
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