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Abstract. Due to the extensive use of new technologies in agricultural and industrial
field the soil and groundwater were severely polluted with elements that may pose a
serious threat to the environment. For that purpose studies concerning new materials
that can be successfully used for removal of heavy metals and other toxic elements
from contaminated soil and water were conducted. The attention of the scientific
studies were focused on the family of calcium phosphates, with a particular interest in
hydroxyapatite (HAp), with general formula Ca;o(PO4)s(OH),, due to the exquisite
ability of adsorbing heavy element ions in aqueous conditions. This study focuses on
synthesizing nanocrystalline hydroxyapatite powders with controllable parameters and
very good stoechiometry. The structure, morphology and optical properties were
characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM),
scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), and
Fourier transform infrared spectroscopy (FT-IR).
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1. INTRODUCTION

The presence of big amounts of heavy metals and other toxic elements in the
water stream, soil and atmosphere has become of great importance due to their
harmful effect to the environment and human health. Even low concentration of
heavy metals can have a serious impact on the environment quality and human
health [1-3]. Nowadays, numerous methods such as: oxidation, reduction,
precipitation, membrane filtration, ion exchange, electrochemical operation,
biological treatment [4-6], adsorbtion, have been considered and implemented for
removal of heavy metals from wastewaters or soil [7-9]. The most suitable process
for removal heavy metals from solutions proved to be adsorption onto solid
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substrate materials. Working towards developing new materials able to adsorb
heavy element encountered difficulties due to high costs of obtaining and
implementing them. The solution for achieving high performance at a low cost was
found in using as a sorbent of heavy metals hydroxyapatite.

Hydroxyapatite (HAp) is the major inorganic component of bone and dental
enamel and is found in the human body. Synthetic HAp nanoparticles are similar to
the natural bone and it is broadly used as bone substitute or dental enamel
remineralisation material for its excellent bioactivity, biocompatibility, and osteo-
conductivity. Hydroxyapatite, Ca;o(PO4)s(OH), has a hexagonal structure with
P63/m space group and cell dimensions of a = b =9.42 A and ¢ = 6.88 A. Because
of the high stability and flexibility of the apatite structure, a great number of
substitutions, especially the composites resulting from the cationic substitution are
of potential application in the fields of dental and bone pathologies, bio ceramics,
luminescence [10-14], water purification and catalysis [15-21]. The sorption
properties of HAp are of great importance to the environmental applications and to
the industrial field.

2. EXPERIMENTAL

2.1. SAMPLE PREPARATION

All the reagents for synthesis including ammonium dihydrogen phosphate
[(NH4),HPOy], calcium nitrate [Ca(NOs),-4H,0], and europium nitrate [Eu(NOs);-6H,O]
(Alpha Aesare) were purchased without further purification.

Europium doped hydroxyapatite (EuHAp) nanoparticles was performed by
setting the atomic ratio of Eu/[Eu + Ca] at 20% (HAp_Eu20) and [Ca+Eu]/P as
1.67. The Eu(NO;);-6H,0O and Ca(NO;),-4H,0 were dissolved in deionised water
to obtain [Ca+Eu]-containing solution. On the other hand the (NH4),HPO, was
dissolved in deionised water to make P-containing solution. The [Ca+Eu]-
containing solution was put into a Berzelius and heated to the temperature of 80°C
and stirred continually 30’. Meanwhile the pH of P-containing solution was
adjusted to 9 with NH; and stirred continually 30°. The P-containing solution was
added drop by drop into the [Ca+Eu]-containing solution and stirred continually 2h
and the pH was constantly adjusted and kept at 10 during the reaction. After the
reaction the deposited mixtures were washed several times with deionised water.
The resulting material was dried at 50°C for 72h.

2.2. SAMPLE CHARACTERIZATION

X-ray diffraction (XRD). The samples were characterized for phase content
by X-ray diffraction (XRD) with a Bruker D8-Advance X-ray diffractometer in the
scanning range 260 = 20-70 using CuKal incident radiation.
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Transmission electron microscopy (TEM) studies were carried out using a
JEOL 200 CX. The specimen for TEM imaging was prepared from the particles
suspension in deionised water. A drop of well-dispersed supernatant was placed on
a carbon — coated 200 mesh copper grid, followed by drying the sample at ambient
conditions before it is attached to the sample holder on the microscope.

Scanning electron microscopy (SEM). The structure and morphology of the
samples were studied using a HITACHI S2600N-type scanning electron
microscope (SEM), operating at 25kV in vacuum. The SEM studies were
performed on powder samples. For the elemental analysis the electron microscope
was equipped with an energy dispersive X-ray attachment (EDAX/2001 device).

FT-IR spectroscopy. The functional groups present in the prepared powder
and in the powders calcined at different temperatures were identified by FTIR
(Spectrum BX Spectrometer). For this 1% of the powder was mixed and ground
with 99% KBr. Tablets of 10 mm diameter for FTIR measurements were prepared
by pressing the powder mixture at a load of 5 tons for 2 min and the spectrum was
taken in the range of 400 to 4 000 cm™ with resolution 4 and 128 times scanning.

X-ray Photoelectron Spectroscopy (XPS) is one of the most important
techniques for the study of the evidence for successful doping of Eu™ in Eu:HAp.
It can be said that the surface sensitivity (typically 40—100 A) makes this technique
ideal for measurements as oxidation states or biomaterials powder. In this analysis
we have used a VG ESCA 3 MK II XPS installation (Ey, = 1 486.7 eV). The
vacuum analysis chamber pressure was p ~ 3x10™torr. The XPS recorded spectrum
involved an energy window w = 20 eV with the resolution R = 50 eV with 256
recording channels. The XPS spectra were processed using Spectral Data Processor
v 2.3 (SDP) software.

3. RESULTS AND DISCUSSIONS

Figure 1 shows the XRD patterns of pure HAp (A) and EuHAp (B) with
Eu/(Ca+Eu)=20%. Figure 1 (A) shows the typical diffraction peaks of hexagonal
Cao(PO4)s(OH), for each sample (ICDD file no. 9-432, for instance). No other
crystalline phases were detected beside this (phase). The determination of the
average crystallite size by XRD method is based on the Scherrer equation: D.,ysqire=
= KMB cos0, where D,y 15 the averaged length of coherence domains (that is
of perfectly ordered crystalline domains) taken in the direction normal to the lattice
plane that corresponds to the diffraction line (001) taken into account, B is the line
broadening due to the small crystallite size, A is the wavelength of X-rays, 0 is the
Bragg angle, and K a constant related to crystallite shape and to the definition of B
(integral breadth or full width at half maximum). The following results were
obtained for the mean crystallite size: D = 18 nm (£0.1) for pure HAp and D = 12 nm
(£0.5) nm for EuHAp with Eu/(Ca+Eu) = 20%. As the Eu concentration increases
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to 20% the peaks broaden and the mean crystallite size decrease, suggesting that
the doping inhibits the HAp crystal growth and/or causes lattice perturbations
(microstrain).
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Fig. 1 — The XRD patterns of HAp and Eu:HAp samples synthesized with Eu/(Ca+Eu) = 20%
(ICDD-PDF no. 9-432).

Figure 2 presents TEM micrograph (left) of the EuHAp nano-cristallytes with
low resolution. Figure 2 (right) shows Selected Areas Electron Diffraction (SAED)
pattern of the synthesized powder, which confirm its crystallinity. As shown in Fig. 2,
the sample EuHAp exhibits an ellipsoidal morphology which is consistent with the
SEM results.

Fig. 2 — TEM images and SAD micrograph of the Eu:HAp (Eu/[Cat+Eu]=20%) samples.

The SEM images of EuHAp samples prepared by co-precipitation are
displayed in Fig. 3 SEM images provide the direct information about the size and
morphology of the prepared samples. It is found that the EuHAp sample consist of
relatively uniform ellipsoidal particles. Figure 3 shows the phase maps based on
selected region of the sample EuHAp and simultaneous distributions of individual
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elements (Ca, P, Eu). In Fig. 3 the mapping region studied show a uniform of
constituent elements, which reveals a homogeneous aspect of the synthesized
particles for the sample.

Fig. 3 — The phase maps based on selected region of the sample EuHAp with simultaneous
distributions of individual elements (Eu/[Ca+Eu]=20%).

Figure 4 shows the FT-IR results obtained from HAp and EuHAp when the
atomic ratio Eu/(Ca+Eu) is equal with 20%. The broad band in the regions 1600-
1700 cm™ and 3200-3600 cm™ corresponds to H-O-H bands of lattice water [22-
24]. For both samples the bands characteristics of the phosphate and hydrogen
phosphate groups in apatite environment were observed: 565 cm™, 632 cm™, 603
em™, 962 cm™, and 1000-1100 cm™ for the PO, groups [25] and at 875 cm™ for
the HPO4> ions. The intensity of vibration peak decreases when the atomic ratio
Eu/(Ca+Eu) increases, results those are in good agreement with the XRD analysis.
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Fig. 4 — The FT-IR results obtained from HAp and EuHAp when the atomic ratio Eu/(Ca+Eu)
is equal with 20%.
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XPS technique has been tested as a powerful tool for qualitatively
determination of surface composition of one material. The XPS spectrum (Fig. 5)
of EuHAp is in the binding energy range of 0—1 200 eV.
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Fig. 5 — XPS spectrum of the EuHAp with Eu/[Ca+Eu]=20%.

The survey XPS spectrum of the sample EuHAp is presented in Fig. 5.
Gaussian resolving was performed on Eu 3d5/2, Ca 2p3/2, P 2p3/2, O 1s and Cls
spectral lines to investigate the distributing of Eu, Ca, P, O, C eclements. (Table 1)
The value of binding energy reported in Table 1 for Eu 3d5/2 spectral line show the
existence of an oxide (Eu,0s).

Table 1
The distribution of Eu, Ca, P, O, C
Spectral line Binding energy (eV)

Cls 284.7

O1ls 531.0
Ca2p3/2 347.1
P 2p3/2 133.8
Eu 3d5/2 1135.2

4. CONCLUSIONS

The europium-doped HAp were synthesized at 80'C by co-precipitating from
a mixture of Ca** and Eu’" ions by phosphate ions in water medium. The
preliminary XRD studies have shown that Eu’" has been successfully doped into
HAp and no other crystalline phases were detected beside this (hydroxyapatite
phase). The as-prepared EuHAp samples conserve regular ellipsoidal morphology
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and are homogenous. The XRD, TEM, SEM and FTIR preliminary results are
consistent one with another and show that hydroxyapatite could be used in the
environment field due to specific physico-chemical properties that allow
embedding of Eu’" (Eu’" substitute calcium from the structure of hydroxyapatite) in
his structure, without major changing of the structure.
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