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hydroxyapatite was prepared using a wet chemical method used for the adsorption of strontium ions with various
initial concentrations after calcination. The structure of hydroxyapatite was well characterized after adsorption
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Strgntiuln, based on X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive X-Ray
Hydroxyapatite, Spectroscopy (EDS), and Fourier Transform Infrared Spectrometer (FTIR) analyses. The micro-strain of the
Mechanism, structure was also investigated based on fitting the XRD patterns by Voigt function and Williamson-Hall
Adsorption analysis. The crystallite size and degree of anisotropy in the presence of Sr were measured. Interpreting the
obtained data and comparing it with different existing adsorption mechanisms suggested dissolution-
precipitation as an effective mechanism for strontium adsorption by hydroxyapatite. The SEM images and EDS
results also confirmed this mechanism.
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1. INTRODUCTION stirring while the pH was kept in the range of 10.5 to 11.

Some ions can be substituted into the structure of HA
[1]. Take zinc for example that can be substituted in a
low amount [2]. On the contrary, some ions such as
strontium can be entirely substituted into the HA
structure without deterioration [3]. This characteristic of
hydroxyapatite makes it a potential compound for
strontium adsorption from an aqueous solution.
Strontium substitution increases the solubility of HA. In
the biomaterial field, strontium substitution increases
the rate of bone formation and bioactivity [4]. Numerous
studies have been conducted on the strontium adsorption
kinetics and thermodynamics of HA [3, 5]. However,
structure changes resulting from adsorption were rarely
studied in the literature [6]. In this regard, the current
study investigated the HA structure after 90 minutes of
adsorption in an aqueous solution with different
Strontium concentrations and proposed a probable
adsorption mechanism.

2. MATERIALS AND METHODS

Analytical grades of Ca(NOs),, H3PO,4, diammonium
hydrogen phosphate, and ammonium solution were
purchased from Merck, Germany.

HA was synthesized using the coprecipitation method
based on a reaction between calcium nitrate and
diammonium hydrogen phosphate. Calcium solution
was added dropwise to phosphorus solution under

The HA gel was aged for 24 hours at the room
temperature. The product was filtered, washed with
ethanol and water several times, and then dried and
milled. The powder was sintered at 900 °C for one hour
(temperature increase of 5 °C /min).

Adsorption experiments were carried out by changing
the initial concentration of strontium to 30, 50, and 70
mg /L. The amount of HA was 2.5 g/L. The powder
morphology was investigated using Scanning Electron
Microscopy (SEM). In addition, Energy Dispersive
X-Ray Spectroscopy (EDS) was performed to do
elemental analysis. The powder X-Ray Diffraction
(XRD) analysis was carried out using a Panalytical
X'PerPro diffractometer, Cu Ko radiation, in the 26
range of 10-80° with the step size of 0.05° and step time
of one second at room temperature.

3. RESULTS AND DISCUSSION

Figure 1 presents the XRD results before and after
adsorption with different strontium concentrations. All
observed peaks are attributed to the single
hydroxyapatite phase. No significant differences can be
observed in the XRD patterns of the samples followed
by adsorption. However, a little shift and broadening of
picks are observed in Figure 1-b that can be attributed to
either the structure strain or crystallite size changes. If
we consider strontium a substitute in calcium positions
in HA, the strain would be imposed in the structure.
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Plotting the 4¢Sin® versus P Cos6 based on Williamson-
Hall analysis showed no strain in the structure. Of note,
the crystallinity, crystallite size in the z-direction, and
anisotropy of the HA powder decreased upon increasing
the strontium concentration in the solution and
subsequently more strontium adsorption.

Figure 2 illustrates the FTIR spectra of the samples
with different degrees of strontium adsorption. The
bands at 3571 and 631 cm! correspond to the stretching
and vibration modes of hydroxyl groups, respectively.
Intense bands at 1085, 1014, and 961 cm™! are related to
P—O stretching vibration modes, and two peaks at 593
and 572 cm™! are attributed to the O—P—O bending mode.
No main differences were observed in the FTIR
spectrum of HA after adsorption. This observation
rejected the dominance of amorphous adsorption and
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complex forming mechanisms. Dissolution-
precipitation is another possible mechanism that
incorporates the dissolution of the HA surface as well as
the formation of a hydrated layer, entering the Ca and
phosphate ions into the hydrated layer, replacing the
strontium with calcium, and reprecipitation of HA. The
results from this mechanism confirmed a decrease in
crystallite size, crystallinity, and anisotropy of HA after
adsorption. EDS analysis also confirmed the formation
of zones with higher strontium, probably the
reprecipitated HA. There are also areas with lower
strontium concentrations, indicating the hydrated layer.
SEM images confirmed the HA dissolution. Based on
these observations, the dissolution precipitation was
proposed as a major mechanism of strontium adsorption
on HA.
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Figure 1. a) XRD Patterns of HA before and after adsorption of Sr, b) the range of 31-34° of same patterns
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Figure 2. FTIR spectra of the samples with different degrees of strontium adsorption

4. CONCLUSION

Successful synthesis of HA and its application as an
adsorbent for strontium ions were reported in this study.
In this regard, HA was characterized before and after the
adsorption process. A proper investigation of the XRD
pattern demonstrated no strain in the structure of HA
after adsorption; instead, it confirmed a decrease in the
anisotropy, crystallinity, and crystallite size. FTIR
spectra showed no changes after adsorption. Some
mechanisms were also investigated, the results of which

suggested a dissolution-precipitation mechanism as the
primary mechanism of strontium adsorption. SEM
images and EDS results confirmed some significant
aspects of this mechanism.
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