Nature and Science 2017;15(3) http://www.sciencepub.net/nature
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Abstract: Nano-hydroxyapatite (NHAp) has been synthesized and characterized by means of FTIR, TGA, XRD,
TEM and surface area measurements. The resin was applied for the removal of Fe*" and AI’* from their aqueous
solutions. Nanomaterials possess novel size-dependent properties because of its high specific surface area, high
reactivity, and strong sorption. The uptake values obtained were55.2 and 66.2 mg/g for Fe** and AI’", respectively.
The data indicated that the adsorption process is endothermic and kinetically follows pseudo-second order model.
Langmuir and Freundlich isotherm equations were employed to study the adsorption process. Results indicate that
Langmuir isotherm better fits adsorption data than Freundlich model. Factors influencing the removal percent as pH,
contact time, adsorbent dose and initial metal ionconcentration have been discussed.
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1. Introduction counterparts because of its high specific surface area,
Water pollution is the contamination of water high reactivity, and strong sorption. Others take
bodies (e.g. lakes, rivers, aquifers and groundwater). advantage of their discontinuous properties, such as
The contamination of water by heavy metal ions super para-magnetism and quantum confinement
arising from mining operations, textile industries, effect. Hydroxyapatite (HAp) is one of the most
metal plating, tannery, etc., is a major environmental popular phosphates, with a chemical formula
problem. The release of large quantities of heavy Cayo(PO4)s(OH),. The common crystal phase is
metal ions into the natural environment e.g. irrigation hexagonal, but the monoclinic phase can be
of agricultural fields by using sewage has resulted in a present[7]. Up to 50% by volume and 70% by weight
number of environmental problems [1]and due to their of human bone is a modified form of hydroxyapatite
non-biodegradability and persistence, can accumulate (known as bone mineral). HAp can be synthesized in
in the environment elements such as food chain, and the laboratory by many methods including the sol-gel
thus may pose a significant danger to human process [8], hydrothermal synthesis [9], microwave
health[2]. Many methods that are being used for synthesis [10], ultrasonic spray pyrolysis [11], wet
removal of heavy metal ions include chemical precipitation [12], emulsion system synthesis and
precipitation, filtration, evaporation, electrolysis, sonochemical synthesis[13].
cementation, reverse osmosis, Ultraviolet light [3], The specific properties of NHAp are related to
Boiling and Low frequency ultrasonic irradiation [4]. various surface characteristics, e.g., surface functional
Adsorption process appears to be the most effective, groups, acidity and basicity, surface charge,
especially for effluents with moderate and low hydrophilicity and porosity. HAp has been used for
concentrations. It has received more attention and the removal of many pollutants from contaminated
largely application due to many factors: simplicity of soils and wastewater [14, 15]. HA was used in
design, high efficiency with high uptake capacity and removal of lead ions [16]. The optimum dose of HA
low cost during the multi-adsorption interaction for Pb (II) removal is found to be 0.12 g/L with the
processes[5]. removal efficiency of 97.3 %. It is found that the
In the area of water purification, nanotechnology adsorption kinetics of the Pb (II) on HA follow the
gives the possibility of an efficient removal of pseudo second-order reaction. Langmuir isotherm had
pollutants. Nanotechnology is the engineering of best fit than Freundlich, Halsey, and Harkins—Jura
manipulating matter at the nanoscale (1-100 nm) [6]. isotherms for experimental data.
At this scale, materials possess novel size-dependent The ability of nano-hydroxyapatite (nano-HAP)
properties which are different from their large to adsorb aqueous Cd, Pb and Cu ions from single-
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metal and multi-metal ions reaction systems had been
tested [17]. For mono-metal reaction systems, results
showed that the sorption of metals on nano-HAP are
well fitted both using the Langmuir and Freundlich
equations. The hydroxyapatite was used as an
alternative low-cost adsorbent material to study the
adsorption behavior of La (III) and Eu (III) ions from
nitrate aqueous solutions.

The objective of this study is to investigate the
removal efficiency of nano-hydroxyapatite (NHAp) as
an alternative adsorbent for the removal of Fe** and
AT*" cations from aqueous solutions.

2. Experimental
2.1. Chemicals

Di-ammonium hydrogen-phosphate,
(NH4),HPQ,, Calcium nitrate tetrahydrate,
Ca(NOs),4H,0 and ammonia solution, NH,OH, were
used for the synthesis of NHAp powder. Ammonium
iron (IT) sulfate, or Mohr's Salt, (NH4),Fe(SO,),-6H,O
and Potassium aluminum sulfate dodecahydrate,
KAI(SO,),- 12H,0 were used as sources of Fe’* and
A" respectively. All chemicals were purchased from
Sigma-Aldrich Company and used without further
purification.

2.2. Synthesis of HApnanopowder particles:

Nano-HAp, Cao(PO,)¢(OH),, was synthesized
via solution-precipitation method [18]. In this method
(NH4),HPO,4 and Ca(NO;),.4H,0 are used as starting
materials and ammonia solution for pH adjustment. A
suspension of 116.05 gm of Ca(NO;),.4H,O was
vigorously stirred at constant temperature 25°C. A
solution of 39.6 gm of (NH4),HPO, was slowly added
dropwise to the suspended Ca(NO;),.4H,O. The pH
was kept 11 in all experiments using ammonia
suspended solution. This can be explained by the
following reaction:

10 Ca(NO3)2.4H20 +6 (NH4)2HPO4 +8 NH40H
Calo(PO4)6(OI‘D2+2O NH4NO3 +20 Hzo

In The next step nano-HAp resin was
precipitated and removed from the solution by
centrifugation at speed of 3000 rpm. The precipitate
was dried at 100 °C.

2.2. Characterization of NHAp adsorbent:

The FT-IR spectra of the NHAp adsorbent were
recorded on a Pye-Unicam Sp-883 Perkins-Elmer
spectrophotometer between 4000 and 400 cm .
Thermogravimetric analysis was carried out in a
nitrogen atmosphere using Shimadzu DT/TG-50. The
flow rate of N, was adjusted at 20 mL/min. The
specific surface area and average pore diameter were
measured by a Quanta chrome NOVA system using
nitrogen gas as adsorbate at liquid nitrogen
temperature (77 K). The nanostructure of NHAp
powder was studied wusing high resolution
transmission electron microscopy (HRTEM). The
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nanopowders were analyzed by X-ray diffraction
(XRD) with Siemens-Brucker D5000 diffractometer
using Cu-Ko. radiation (1.540600 A). For qualitative
analysis, XRD patterns were recorded in the range of
10° <20< 80°.

2.4. Preparation of solutions:

Stock solutions of Fe(Il) and Al (III) with
concentration of 1000 ppm were prepared by
dissolving the weights of ammonium iron(Il) sulfate
and potassium aluminum sulfate dodecahydratein
distilled water. Fresh dilutions were used in each
experiment.

2.5. Uptake experiments:
2.5.1. Effect of initial metal ion concentration
The effect of initial metal ion concentration on

the removal percent was determined at fixed
adsorbent dose (1 g/L), time of 120 min and
temperature  (25°C) with different metal ion

concentrations 10-250 ppm in 50 ml solution shaked
at 135 rpm. The removal percent of heavy metal ions
was calculated by determining the residual
concentration of each metal ion through Inductively
Coupled Plasma (ICP), Optima 5300 DV- Perkin-
Elmer. The removal percent of heavy metal ions was
calculated using the following equation:

Co—Ce
% Removal = % x 100 )
0
where, C, is the initial concentration of metal ion

(ppm);

C. is the equilibrium metal ion concentration
after adsorption (ppm).
The adsorption capacity, q. (mg metal per g
adsorbent) can be calculated from the equation:

e = (Co—Co)% )

where, V (Liter) is the solution volume and w
(Gram) the amount of adsorbent.
2.5.2. Effect of initial pH

Adsorption of Fe”" and AI’* on NHAp adsorbents
under controlled pH was carried out using 0.05 g of
dry adsorbent in a series of flasks contains 50 mL of a
specific metal ion solution of concentration 100and 60
ppm for Fe and Al, respectively. The pH was adjusted
using HCI and NaOH. The flasks were conditioned on
a vibromatic shaker and 25 +1°C with equilibration
time of 60 min. The pH of the working solutions were
measured using a pH-meter.
2.5.3. Effect of contact time

The effect of contact time on the uptake of Fe**
and AI’* on NHAp adsorbent was investigated using
0.05 g of 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 samples
were taken at predetermined time intervals ranging
from 5 to 120 min. The residual concentration of the
metal ion was determined.
2.5.4. Effect of ionic strength
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Different values of Potassium chloride KCI(0.1-
0.5 g/50 mL, 0.05 g adsorbent) were added to metal
ions solutions with affixed concentration of 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 (0.025-0.1 g /50mL)
keeping the heavy metal ion parameters constant.
3. Results and discussion
3.1. Characterization of
hydroxyapatite adsorbent

The FTIR spectrum of NHAp powder was
scanned in the range of 4000-400 cm™. IR spectra
indicate that spectra possess broad bands near 3500-
3300 and 1629 cm’ due to strongly adsorbed and
bound water in the adsorbent materials. A strong band
appears at 3141cm™ for NHAp which is due to the
vibrational of hydroxyl ions; the peak appeared at
1030 cm!is attributed to stretching vibrations of PO,*
while the bands located at (1385, 602 and 563 cm™)
are corresponding to the bending vibrations of PO,”".
The results obtained are shown in Fig. 1 and given in
Table 1.

The XRD pattern of NHAp powders is shown in
Fig. 2. Several diffraction peaks are observed at 26=
22.4, 26.3, 28.87, 30.15, 32.8 and 40.9 which are
characteristic for NHAp. The sharp intensities of the
diffraction peaks confirmed the well crystalline nature
of NHAp.
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Fig. 2: XRD pattern of nano-HAp adsorbent

Table 1: Assignments of observed vibrational
frequencies of NHAp powder.

Assignments NHAp
Structural OH 3141.1
H,O absorbed 1627.9
COy 894.9
PO, bend v, 1385.7
PO, stretch v, 1030.0
PO, bend v, 602.2
PO, bend v, 563.8

The BET surface area and pore properties are
determined by observing adsorption—desorption
behavior of nitrogen on the adsorbent. This behavior
gives information about the pore size that is accessible
and can be occupied by pollutants. From Table 2, the
recorded mean hydraulic radii are in the range of 4.5-
10 nm revealing the mesoporous nature of the
prepared solid. The specific surface area of the
prepared sample is about 31.02 m*/g.

Table 2: NHAp adsorbent properties

NHAp
Mean pore diameter 10.0 nm
Total pore volum (p/py =0.903) 8.22 cm’g’
Surface area 31.02 m’/g

The morphology and nanostructure of NHA
padsorbentare  studied  using  high-resolution
transmission electron microscopy (HRTEM). The
TEM micrograph obtained for NHAp displays the
predominance of thin needle-like particles having
lengths ranging from 21.9 to 44.04 nm with cross-
sectional sizes ranging from 7.15 to7.83 nm, Fig. (3).

Fig.3. HRTEM ;hlcrog;z;phéf NHAp adsorbent

TGA curve for pure composite (Fig. 4) shows an
initial weight loss of about 6.26% between ambient
temperature and 100C which attributed to evolution of
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physical adsorbed water followed by second stage of
weight loss by about 34% due to dehydroxylation of
the composite. Finally, a weight loss by about 6%
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between 400 and 600C is attributed to decomposition
of phosphate.

Fig. 4. Thermograme of NHAp adsorbent.

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
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Fig. 5. Effect of initial metal ion concentration on
the uptake of Fe (II) and Al (III) using NHAp as
adsorbent at 25°C.

The metal ions adsorption mechanism is
particularly dependent on the initial metal ions
concentration; at low concentrations, metals are
adsorbed by specific active sites. With increasing
metal ion concentrations the sorption sites are

99

saturated[19].. Fig. Sshows the plot of experimental
data for the adsorption of different metal ions on
NHAp as a function of equilibrium concentration(C,)
of metal ion at different initial metal ion
concentrations. As shown, the g.-values increase with
increasing initial metal ion concentration. The
maximum (.-values obtained for Fe (II) and Al(III) on
nano-hydroxyapatite are 55.2, 66.2 mg/g, respectively.
These results confirmed that the initial metal ions
concentration played an important role in the
adsorption process on NHAP surface. The adsorption
capacity decreases in the following order Al (IIT) > Fe
D).
3.2.2. Effect of pH on metal ion uptake

Hydrogen ion concentration is an essential
parameter in the adsorption study which affect the
adsorption behavior of heavy metal ions in aqueous
solutions. Adsorption of different metal ions on the
adsorbent materials under consideration was studied at
varying pH values to optimize the maximum metal ion
removal. NHAp has hydroxyl groups (OH) which
carry negative charges that allow the adsorbent to be
potential binding sites for cations[20]. The removal of
Al (IIT) increases from27.1% at pH 2 to 99% at pH 7.
The relationship between pH and metal ion removal is
shown in Fig. 6. Since high proton concentration at
lower pH, heavy metal ion uptake was decreased due
to the positive charge density on metal ion binding
sites. The negative charge density on the cell surface
increases with increasing in pH due to de-protonation
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of binding sites. The metal ions then become more
competitive against to bind the sites which increases
the metal ion uptake[21]. Studies at pH 4 for iron
were not attempted because precipitation of the ions
as hydroxides is expected[22].
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Fig. 6. Effect of pH on the removal percent of Fe
(II) and Al (IIT)) on NHAp at 25°C.

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.
Basically, the rapid increase in sorption is because
initially the adsorption sites are more available and the
metal ions are easily adsorbed on these sites.
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Fig. 7. Effect of contact time on the removal
percent of Fe (II) and Al (IIT) on NHAp at 25°C.

The results of adsorption of metal ions on NHAp
as function of time are shown in Fig. 7. The percent
metal ions removal increased rapidly for Fe(Il) and
AI(III) in the beginning due to the presence of a larger
number of active adsorption sites on the surface of
adsorbent being available for the adsorption of the
metal ions. Evidently, the equilibrium time for these
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metal ions is regarded to be about 60 min. for further
applications.
3.2.4. Effect of adsorbent dosage on metal ion
uptake

It is evident that the efficiency increases for all
of the heavy metal 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 [23]. The removal efficiency of iron ions
increases from 77.9 % to 99.4% when NHAp dose
increases from 0.025 to 0.1 g /50 mL at the end of 60
min (Fig. 8). In case of aluminum ions the removal
percent increases from 83.2 % to 99.3% after 60 min
when the adsorbent dose increases from 0.025 to 0.1
2/50 mL.
3.2.5. Effect of salinity on metal ion uptake
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Fig. 8. Effect of adsorbent dosage on the removal
percent of Fe (II) and Al (IIT) on NHAp at 25°C.

110 fe
100 B— g g
a3
- =4
B0 |
£ 70 |
g 0
g 50
40 4
0 }
o 0.1 02 0.3 o4 05 0.6
KCl jgm)

Fig. 9. Effect of salinity on the removal percent of
Fe (II) and Al (IIT) on NHAp at 25°C.

The Influence of salinity on heavy metal ions
sorption was investigated to determine solution
chemistry effects. The effect may be different for
different metal ions and adsorbents. Generally,
adsorption decreases with increasing ionic strength of
the aqueous solution[24]. The electrostatic attraction
at low ionic strength appears to play a negligible role
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in the removal of metal ions for sorbent. The results
for NHAp as adsorbent indicate that there was a slight
decrease in the removal of Fe(Il) and Al (II) ions 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. 9.
3.2.6. Adsorption isotherms
3.2.6.1. Langmuir’s model

The Langmuir adsorption isotherm has been
applied successfully 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 sites of adsorption have the
same energy[25]. The saturated monolayer isotherm
can be represented as follows:

e~ Tk, 3)
This equation can be rearranged to the common

linear form:
Ce 1 Ce

2~ 0ok T 4

Where C. is the equilibrium concentration
(mg/L); q. is the amount of metal ion adsorbed per
unit mass of adsorbent (mg/g); Qo is q. for a complete
monolayer (mg/g), and k is a constant related to the
affinity of the binding sites and energy of adsorption
(L/mg). K represents enthalpy of sorption and should
vary with temperature. A high K value implies a high
affinity. The values of Qp and k for this adsorbent are
determined, respectively, from slopes and intercepts
of the linear plots of C./q vs. Ce.

The adsorption parameters for the adsorption of
Fe(Il) and Al(IIT) on NHAp adsorbent are collected in
Table 3. The plot of C./q. vs. C. as shown in Fig.(10),
gives a straight line with slope and intercept of 1/Q,
and 1/K Q, respectively. This indicates that the
adsorption process is limited to monolayer formation
and proceeds according to Langmuir’s isotherm. At
the same temperature, the binding constant (K)
follows the order AI’™> Fe’*. This is related to the
nature and the strength of interaction. The higher the
values of R?, the more applicable the model for the
metal ion examined. According to the value of Qg
parameter, the sorption of metal ions on NHAp can
follow the sequence AI’"> Fe*". The preference of
sorption exhibited by the nano-hydroxyapatite for AI**
over Fe*" may be attributed to Al’s smaller hydrated
radius (AI*’= 0.053 nm and Fe** = 0.077 nm) and
hydration energy (AI’" = -4659.7 kJ/mol, Fe** = -1950
kJ/mol)[104]. Another reason may explain the
sequence; the groups present on the nano-
hydroxyapatite are OH and PO, group, which are
hard Lewis bases. A" is a hard Lewis acid while Fe**
is a borderline intermediate Lewis acid. This could be
one of the reasons for greater affinity of AI’* as
compared to Fe*".
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Fig. 10. Langmiur adsorption isotherms of Fe (II)
and Al (IIT) on NHAp at 25°C.

3.2.6.2. The Freundlich model

Meanwhile, the Freundlich isothermassumes that
the adsorption occurs on heterogeneous surface at
sites with  different energies of adsorption
(heteroenergytic surface)[26]. Mathematically this
model is characterized by the heterogeneity factor
(1/n). Freundlich model can be represented by the
linear form as follows:

Inq, = InKy + %lnCe .................. (5)
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Fig. 11. Freundlish adsorption isotherms of Fe (II)
and Al (IIT) on NHAp at 25°C.

where, Ky is the Freundlich constant (mg/g)/
(L/mg) and n is the heterogeneity factor. While 1/n
value is related to the adsorption intensity. When 1/n
values are in the range 0.1< 1/n <I, the adsorption
process is favorable [27]. A plot of Ing. versus InC,,
gives a straight line and the values of Kr 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 a
physical process [28]. All values of n exceed one,
indicating that the adsorption is physical process as
indicated from the results were given in Table 3 and
shown graphically in Fig. 11.
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However, the coefficient R* values exceed 0.9
for Langmiur model while they are low for all heavy
metal ions in Feundlich model suggesting that the

Langmuir model is fitted with the experimental results
obtained.

Table 3: Isothermic parameters of NHAp adsorbent

Langmiur isotherm Freundlich isotherm
Metal Q, K R’ I/n n K¢ R’
Fe 44.84 0.24 0.99 0.172 5.81 19.4 0.98
Al 65.78 0.327 0.99 0.0485 20.6 53.9 0.60
3.2.7. Adsorption Kinetic study t 1 1
The adsorption/time data obtained were applied - = > +—t
on two kinetic models, namely the pseudo-second- q. k9 9@ (7)

order and pseudo-first-order models.
3.2.7.1. Pseudo-first-order model.
The pseudo-first-order model is expressed as:

1 ) t
2.303 (6)

where, q. and g, represent the values of amount
adsorbed at time (t) and at equilibrium, respectively
and k;, is the rate constant of pseudo-first order
(min"). These parameters are determined from the
linear plots of log (q. — q¢) vs. (t) shown in Fig. 12.
The validity of the model is checked by the fitness of
the factor (R?). From their intercept and slope, the
values K, and q. are calculated.

log 9, -q,)=1lg q, - (

loglge-gt)

-
[T E

fa
en

t{min)

Fig. 12. Pseudo-first order kinetic model of the
uptake of Fe (II) and Al (IIT) on NHAp.

3.2.7.2. Pseudo-second-order model
The pseudo-second-order model is expressed
as[29]:

where, k, is the pseudo-second order rate
constant of adsorption (g. mg'. min"), q. and g
(mg/g) are the amount of metal ions adsorbed at
equilibrium and at time (t), respectively. The different
kineticparameters for the adsorption of Fe*" and A"
on NHAp surface are cited in Table 4. The plot of t/q;
vs. t gave straight lines for the two heavy metal ions
as shown in Fig. 13. The validity of each model was
checked by the fitness of the straight line (R?). The
results indicate that the R’values obtained for the
pseudo-second order are higher than those obtained
for the first-order kinetic model; this implies that the
pseudo-second order model fitted with the results
obtained.

=p=Fe
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Fig. 13. Pseudo-second order kinetic model of the
uptake of Fe (II) and AI(IIT) on NHAp.

Table 4: Adsorption Kinetic parameters for different kinetic models of NHAp.

Pseudo-second order Pseudo-first order
Metal ion | K, qe R’ K, qe R’
(gmg'min™") (mg/g) (min)* (mg/g)
Fe 0.0252 18.97 0.99 0.0819 4.28 0.85
Al 0.0053 66.22 0.99 0.012 13.43 0.34
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3.2.8. Adsorption Thermodynamics:

Thermodynamic parameters such as enthalpy
change (AH), free energy change (AG’) and entropy
change (AS") must be taken into consideration in order
to determine the spontaneity of a process. The
thermodynamic parameters were obtained from
adsorption experiments at several temperatures (298,
308, 318 and 328 K) and were estimated using
equations [9-11], [30]:

Ke=Cag /Coreerrrerrerreerenn. 9)
InK.= AS/R — AH'/RT.............. (10)
AG = -RT InKqu..ovvenneeen. (11)

where, K is the equilibrium constant, C,q (mg/L)
is the metal ion concentration adsorbed on the solid
surface at equilibrium, C. (mg/L) is the equilibrium
concentration of metal ion in the solution, R (8.314
J/(K.mol)) is the universal gas constant and T is
absolute temperature. The values of AHe and ASe
were obtained from the slope and intercept of Van’t
Hoff equation and a plot of InK, versus 1/T(Fig. 15).
The data given in Table 5 shows that |AH'| < |TAS’| at
all temperatures. This indicates that the adsorption
process is dominated by entropic rather than enthalpic
changes. The results obtained of AG™ are -8.671 kJ
mol ' at 25 C and -6.367 kJ mol ', for Fe and Al
ions, respectively. These AG’-values indicate that the

adsorption is physisorption and spontaneous process.
Apparently, the positive enthalpy change values
indicate the endothermic nature of the process at the
temperatures under study. The observed increase in
AG’ value with temperature indicates that the
adsorption process is more favorable at higher
temperatures. Moreover, the positive entropy AS’
values implied that the degree of randomness increase
at solid-liquid interface.
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Fig. 14. Plot of In K¢ vs. 1/T for estimation of
thermodynamic parameters for the adsorption of
Fe (II) and Al (IIT) on NHAp.

Table 5: Thermodynamic parameters of NHAp adsorbent.
)

Metal ion Tk |K r AGo(KJmol™) ASe (KJmol ™) AHe (KJmol™)

Fe 298 34.1 0.999 -8.671 0.12329 29.069
308 104.5 -11.77
318 141.3 -12.95
328 206 -14.45

Al 298 13.16 0.993 -6.367 0.1469 35.400
308 52.02 -9.986
318 72.9 -11.104
328 126 -13.089

4. Conclusion

In this study, nano-hydroxyapatite was References

synthesized and characterized. The prepared sample
was confirmed as an effective adsorbent for the
removal of Fe (II) and Al (III) ions from aqueous
solutions. The specific surface area of the prepared
sample is about 31 m*/g, nanostructure of needle-like
particles and with a mesoporous nature. The
maximum equilibrium gc-values obtained for Fe (II)
and AI(III) on NHAp are 552, 66.2 mg/g,
respectively. The thermodynamic data also reveal that
the adsorption process is dominated by entropy
changes as |AH'| < |TAS’| at all temperatures. 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 NHAp adsorbent a good
nominate in the field of wastewater treatment.
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