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INTRODUCTION

Hydroxyapatites (HAP) (space group P63/m) have a composition described by the formula
M(1)10xM(2)x(BO4)10X2, where M (1) and M (2) are metal cations (Ca®*, Sr**, Ba**, Pb**, Cd*,
etc.), while B are P**, V**, As*, Cr¥, etc, and X is OH, F, CI, Br, I, 0%, etc
(Sugiyama et al., 1999; Ptacek, 2016; Abdul Jabar et al., 2018).

Hydroxyapatites are compounds with many unique properties that determine their wide
practical applications (Zhu et al., 2015; Theen et al., 2021). For twenty years, researchers and
scientists all over the world became increasingly interested in various hydroxyapatite compounds
such as calcium hydroxyapatite (Caio(PO4)s(OH),), lead hydroxyapatite (Pbio(PO4)s(OH),),
cadmium hydroxyapatite (Cd1o(PO4)s(OH)2), barium hydroxyapatite (Baio(PO4)s(OH),), strontium
hydroxyapatite (Sr10(PO4)s(OH).), and others for several reasons, including that these compounds
have a variety of practically important properties and can be used in many fields such as
nanochemistry, bio-medical, industrial and green chemistry (Liu et al., 2011; Savankova et al.,
2014; Zhu et al., 2016). Hydroxyapatites allow many substitutions for many elements with others
inside the hydroxyapatite structure; Therefore, these compounds are one of the main important
aspects of the crystal chemistry of hydroxyapatites (Getman et al., 2011; Abdel-Aal et al., 2022).
As the substitutions within these compounds lead to changes in the crystal structure of these
compounds, it is considered one of the main factors responsible for determining the physical and
chemical properties of materials (Flis et al., 2010; Getman et al., 2016; Abdul Jabar et al., 2020;
Haider et al., 2022).

Lead hydroxyapatite compounds are one of the most important apatite structures
(lconaru et al, 2018). Several studies which prepared lead hydroxyapatite [PbHAP
(Pb1o(PO4)s(OH),)] compounds have shown that lead can be substituted with several elements such
as strontium, calcium, and others by many methods (solid-state reaction, precipitation, sol-gel, etc.)
with a different range of temperatures ranging from 600 — 1100 °C (Fleet et al., 2010; Giera et al.,
2016; Hopwood et al., 2016).

In our study, we synthesized lead-barium hydroxyapatite Pbiox Bax (PO4)s(OH),, which
preparation by solid-state reaction.

MATERIALS AND METHODOLOGY

To investigate the substitution of barium ion (Ba®*) with lead ion (Pb*) in the lead-barium
Hydroxyapatite Structure (Pbiox Bax (PO4)s(OH),), we synthesized all samples (x = 0.0; 1.0; 2.0;
3.0; 4.0; 5.0; 6.0; 7.0; 8.0; 9.0 and 10) by the ceramic method (solid-state reaction). All following
materials: PbO (chemically pure), BaCOg3 (analytical grade), and (NH,4).HPO, (analytical grade)
provided by Sin bias (Ukraine), were used as initial reagents. The samples were obtained using the
technique described: (10-x) PbO + 6(NH4),HPO, + xBaCO3; — Pb10.x) Bay (PO4)s(OH); + .......

Since many materials absorb water and carbon dioxide stored in the laboratory, these
materials have been heated to remove before use. Lead oxide (PbO), Barium carbonate (BaCO3),
and diammonium hydrogen phosphate ((NH;).HPO,) were calcined at 400 °C for 4 hours. After the
calcining process, all materials are placed in a desiccator containing freshly heated silica gel, cooled
to room temperature, and immediately used for weighing.

The initial substances were ground in an agate mortar for 20 minutes and calcined in alundum
crucibles at 400 °C for 3 hours, after which the temperature was raised to 800 °C for samples with
x=0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 and 1100 °C for samples with x=6.0, 7.0, 8.0, 9.0, and 10.0,
calcination lasting 4 hours. Then the samples were crushed, and tablets were pressed from the
obtained powders and calcined at 800 and 1100 °C for 4-5 hours. After the calcination process,
they were crushed and examined by X-ray phase analysis to establish the phase composition. And
then, all tablets were again pressed from the powders and calcined at the same temperature. This
procedure was continued until the samples' phase composition became consistent. Consequently,
the overall calcination time at 800 °C was 25 hours, whereas, at 1100 °C, it was 15 hours.
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All samples were investigated by X-ray phase analysis on a DRON-3 diffractometer using Cu
K, radiation (A=1.54178). The rotation speed of the counter during survey shooting to determine the
phase composition of the samples was 2 degrees per minute. We used software such as the Match
program and the PDF-2 (ICCD) and PDF-4 (ASTM) databases for phase examination
(Brandenburg et al., 2014; Roisnel, 2000; Rodriguez-Carvajal, 2016).

RESULTS AND DISCUSSION

The results shown in this section are mainly discussed and explained with the data on the
system (Pbio.x Bax (PO4)s(OH),), which have not been published in any journal or conference
before.

The Fig. (1) below shows the X-ray diffraction patterns of different samples (x = 0.0; 1.0; 2.0;
3.0; 4.0; 5.0; 6.0; 7.0; 8.0; 9.0 and 10) of the composition (Pbio.x Bax (PO4)s(OH),), which were
prepared by the ceramic method (solid-state reaction) after calcinating the samples with the
composition from x=0 to x=5 under a temperature of 800 °C for 25 hours and samples with the
composition from x=6 to x=10 under the temperature of 1100 °C for 15 hours
(Abdul Jabar et al., 2020).

It can be seen from the Fig. (2) that the sample with x=0 showed only reflections of the phase
with the pure lead hydroxyapatite structure Pb;o(PO4)s(OH),. Samples with the composition x=1-6,
in addition to reflections of the lead hydroxyapatite structure, reveal more reflections called the
"unknown phase". The relative intensity of the "unknown phase" reflections (peaks) is between 3
and 12 % compared to the maximum intensity of reflections of the hydroxyapatite structure since
their intensity is independent of x (Getman et al., 2011).
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Fig. 1: Patterns of X-ray diffraction from samples (X=0-10) of the composition (Pbyo.
XBaX(PO4)6(OH)2).
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Fig. 2: Pattern of X-ray diffraction of the composition Pb1o(PO,)s(OH),, (x=0.0).

These unknown reflections, according to our opinion, have many reasons, including the
inability to prevent the water in hot air from interacting with the components of hydroxyapatite;
many side reactions that interfere with the hydroxyapatite compound inside the furnace; the
presence of gaps within the composition of hydroxyapatite due to the differences in the ionic radii
between the lead ions (Pb*=119) and barium ion (Ba*=135); that these reflections are
superstructural; and finally it can be assumed that these reflections are reflections of secondary
components that are not symmetrically included in the structure of the hydroxyapatite synthesis
(Getman et al., 2016).

In the samples with a range of compositions x = 7 — 9, the X-ray diffraction patterns show
many reflections of the structure of barium hydroxyapatite Bai1o(PO4)s(OH),, the intensity of which
naturally increases with the value of x (Abdul Jabar et al., 2018).

Fig. (3) demonstrates that the sample with x=10 exclusively displayed reflections of the pure
barium hydroxyapatite structure Ba;o(PO4)s(OH)s,.
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Fig. 3: Pattern of X-ray diffraction of the composition (Baig(PO4)s(OH),), (x=10).
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CONCLUSION

In conclusion, X-ray diffraction was used to investigate the substitution of lead by barium in
the structure of lead-barium hydroxyapatite (PbioxBax(PO4)s(OH),) (0 < x < 10), following the
scheme Pb*" + 20H — Ba”" + 20H".

Pure Lead hydroxyapatite (x = 0) and barium hydroxyapatite (x=10) were successfully
prepared by the ceramic method at 800 and 1100 °C, respectively. The time used to prepare the lead
hydroxyapatite compound was (25 hours), while the time used to prepare the barium hydroxyapatite
compound was (15 hours).

In the samples from x = 1-9, besides the pure lead-barium hydroxyapatite reflections, various
side reflections appeared that overlapped with the pure lead-barium hydroxyapatite reflections. The
reasons for the existence of these various repercussions can be explained by the following:

1. Incomplete substitutions in these samples.

2.  The formation of additional side compounds such as nitrogen oxides or carbon dioxide gas is

due to oxygen interference in hydroxyapatite compounds.

3. A vacancy (O0) could occur during the substitution process between lead and barium in the

g\ydroxyapatite compound due to variations in the ionic radii of the lead (1.19 A) and barium (1.34
) ions.

This paper is a preliminary introduction to many types of research still being worked on to
develop alternative structures between lead, barium, strontium, and other elements, which can be
useful for predicting the behavior of luminescent properties in different hydroxyapatite structures.

So, we recommend using the results of this study to improve the new process materials using
lead-barium hydroxyapatite.
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