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Summary: The synthesis of solid solutions lead hydroxyapatite, Pbio(POs)e+,(OH)., were
successfully synthesized by solid-state reaction (ceramic method) (y= 0.95; 0.96; 0.97; 0.98; 0.99
and 1.00) and precipitation (semi ceramic method) (y=0.97; 0.98; 0.99 and 1.00) methods at 800 °C
for 50 hours. The X-ray powder diffraction (DRON-3m diffractometer), electron microscopy
scanning (SEM) and energy dispersive X-ray micro-analysis which characterized all samples. It has
been established that Pbio(PO4)ss2(OH), and Pbio(PO4)sss(OH), are the best synthesis for lead
hydroxyapatite in the solid-state reaction method, and Pb1o(PO4)s 8s(OH), is the precipitation method.
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Introduction

Due to a variety of isovalent and heterovalent
substitutions, the interest in lead hydroxyapatite has
grown in recent years. Although much less intensively
studied, lead hydroxyapatite may be the following
candidate for development in many fields such as
medical biomaterials, luminescent, laser constituents,
environmental sensors, solid electrolytes, sorbents,
catalysts, etc [1-4]. Control of practical size, chemical
composition and morphology can influence the
properties of lead hydroxyapatite. Common synthetic
methods for the preparation of many types of apatite
structures including: solid-state synthesis, wet
chemical methods and hydrothermal synthesis [5-8].
Lead hydroxyapatite, [Pb1o(PO4)s(OH)2, designated as
PbHAP] particles have earlier been synthesized by
numerous examiners via solid-state reaction and
precipitation methods.

Many studies have synthesized lead hydroxy
apatite, Pb1o(PO4)s(OH)2 system by ceramic (as a soli
d-state reaction) [9-11] and semi-
ceramic (precipitation) methods  [12-15].  Many
researchers have prepared PbHAP Pbig(PO4)s(OH),)
from Pb1o(PO4)6O at 425°C under 1000 atm using a
solid state method. In another study [10], lead
hydroxyapatite, Pb1o(PO4)s(OH) (PbHAP)
synthesized by solid-state reaction of Pbio(PO4)sO at
300°C and by precipitation method of Pb(NO3), and
(NH.4).HPO, followed by solid state reaction at 300°C.
In addition, lead hydroxyapatite is prepared at the
room temperature, 300, 600 and 900 °C by solid state
reaction from PbO and NHsH,PO, [11]. Researchers
in other study [12], obtained lead hydroxyapatite,
Pblo(PO4)5(OH)2 via a Pb(NO3)2 and (NH4)2HPO4
precipitation reaction at pH 12 and 37 °C. Moreover,

solid solution PbHAP was synthesized from a semi-
ceramic containing PbHPO,4 and NaOH (Hydroxide
Sodium) which had been stayed at 40°C for 7 days
[13], from solutions containing Lead(ll) acetate
Pb(CH3sCOOQ), and many phosphates stayed at 100°C
for 4-24 hours [14] and from many solutions
containing basic Pb(NO3); and H3PO4 [15].

A change of lead hydroxyapatite was prepar
ed by authors in this study. A hot solution of
Pb(CH3C00)2.3H,0 [lead (Il) acetate trihydrate]
(0.25 dm?*) was mixed with di-sodium hydrogen
phosphate (0.25 dm?).
The initial concentration for lead and sodium salts wa
$0.01 and 0.06 mol dm? correspondingly, and the
Pb:P molar ratios was 5:3. Colorless complex was
separated during the addition of the Pb?* salt to the Na
salt. The precipitate was dehydrated at 100 °C for 24
hours [16]. The semi-ceramic (precipitation) method
used acetamide has prepared crystalline lead
hydroxyapatite, Pbio(PO4)s(OH).. The acetamide
concentration of the lead hydroxyapatite composition
was 0.4 — 1.6 mol dm® [17]. Lead hydroxyapatite have
been prepared from the compounds: HsPO, and
Pb(NOs),-5PbO, latter of which was produced through
drying up of basic lead  nitrates like
2Pb(NOs3),-5Pb(OH), and Pb(NOs),-5Pb(OH),. The
prepared lead hydroxyapatite was calcinated at 773,
973 and 1173 K for 3 hours, the XRD patterns showed
the apatite composition, but PbHAp was partly heated
at 1173 K [18].

The synthesis of Caig(PO4)s(OH). doped
with 30 mol% Pb (CassPbs4(PO4)s(OH)2) was
prepared from dropwise adding of a Lead(Il) nitrate
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(Pb(NOs3)2) solution to calcium nitrate (Ca(NOs)2)
solution at 80 °C, pH = 11. After the adding, the
solution was stirred for 2.5 hours at the similar
temperature. The precipitate was separated by
filtration, repetitively washed with distilled boiling
water and dehydrated at 100 °C for 24 hours [19]. Lead
hydroxyapatite  (Pbs(PO4)3(OH)) was prepared
according to the semi-ceramic (precipitation method)
reaction: 5Pb%* + 3P04> + OH™ — Pbs(PO4)3OH.
Lead (Il) acetate (Pb(CH3COQ),.H20), ammonium
acetate (CH3COONHy,), mono-ammonium phosphate
NHsH2PO4 and ammonium hydroxide (NH4OH) were
used as initial reagents. The produced precipitates
heated at 100 °C for 48 hours [20]. Many researchers
were able to prepared lead hydroxyapatite
(Pb1o(PO4)s(OH).) from aqueous solutions at 80 °C by
adding 200 mL aqueous solutions of 0.05M Lead (I1)
nitrate  (Pb(NOs);) and potassium dihydrogen
phosphate (KH2PO4) were treated with a 0.25 mL/min
rate to a glass beaker, which contained 100 mL of
distilled water, pH of 8 was kept using 2M potassium
hydroxide (KOH) [21].

Ultrapure water was used to synthesis the
lead hydroxyapatites by bubbled the solutions with the
nitrogen (gaseous state) to eliminate dissolved CO;
gas. The lead-calcium solution (pH 5.2-5.4) was
prepared by mixing lead (1) nitrate (Pb(NOs3)2) (0.040
M, 12.5 mL) with solid calcium nitrate tetrahydrate
(Ca(NOs)2.4H-0) (0.00-295 g) and treated the
solution with ultrahigh purity water. Cloudy white
suspension was centrifuged after that and then washed
with ultrapure water five times to eliminate any
remaining calcium nitrate. The remaining precipitate
was then filtered and dehydrated immediate at 80 °C
[22].

We turn our consideration in the current stu
dy to lead hydroxyapatite Pb1o(PO4)s(OH). (PbHAP)
which is prepared using two methods: ceramic (solid
state reaction) and semi-ceramic (precipitation)
methods. X-ray powder diffraction and scanning
electron microscope (SEM) investigated the
compound structures.

Experimental
Materials

For the synthesis of lead hydroxyapatite
(PbHAP) Pb1o(PO4)s(OH)2, the samples were prepared
using a mixture of lead oxide PbO (chemically pure)
and dibasic ammonium phosphate (NH4):HPO4
(analytical grade) composed by stoichiometry: 5PbO
+ 3(NH4),HPO. used as initial reagents. All samples
were synthesized using two methods: ceramic (y=
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0.95; 0.96; 0.97; 0.98; 0.99 and 1.00) and semi-
ceramic (precipitation) (y=0.97; 0.98; 0.99 and 1.00).

Instrumentation

All synthesized materials were characterized
by the following classical techniques: X-ray powder
diffraction was performed using a DRON-3
diffractometer using monochromatic Cu Ka-filtered
radiation (A= 1.54178). The pattern was scanned using
the X-ray energy dispersive spectrometer INCA Penta
FETx3 (OXFORD Instruments, England) in steps of
20= 0.05°, in the range 15-140° for each step and
Scanning electron microscope SEM (JSM-6490LV
(JEOL, Japan) for a counting duration of 3 seconds).
The Match program and PDF-2 database (ICCD)
(International Center for Diffraction Data) [23] and
the PDF-4 (ASTM) database (American Society for
Testing and Materials) were used for phase
investigation.

Procedure

In the ceramic synthesis method, the starting
materials suspended in stoichiometric ratios were
mixed for 20 minutes in an agate mortar and calcined
for 3 hours in alundum crucibles at a temperature of
300 °C, after which the temperature rose to 800 °C,
calcination that was performed for 5 hours.
The samples were homogenized after calcination and
analyzed through X-
ray phase analysis (XRD) to determine the compositi
on of the phase. The samples were then calcined again
at a temperature of 800 °C, subjected to
homogenization and examined using XRD method. To
achieve a constant phase composition, this cycle of
operations was performed. Consequently, the total
calcination time was 50 hours at a temperature of 800
°C.

In the semi-ceramic method, stoichiometric
amounts of the initial materials weighed on an
analytical balance were dissolved in nitric acid HNO3
(diluted), after which the resulting solution was
vaporized, and the precipitate residue was calcined in
the temperature range 500-800 °C. The samples total
calcination time at a temperature of 800 °C as well as
the ceramic synthesis method was 50 hours.

Result and Discussion

X-ray diffraction patterns of samples of
different value y prepared by solid state reaction
(ceramic method) show that the phase composition
constancy of solid solutions obtained after 50 hours of
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calcination. The results of this system's phase analysis
samples are shown in Fig. 1 and Table-1.

Table-1: Phase composition samples of the systems
Pb1o(PO4)e+y(OH)2, which prepared by solid state
reaction (ceramic method).

The relative intensity (1/1maxx100,%) of the maximum phase

y with the structure
Pbi1o(POa4)s(OH)2 Pb3(POs)2 Another phase

0.95 100 6 2
0.96 100 5 1
0.97 100

0.98 100

0.99 100 13 3
1.00 100 23 2

Solid Pb (PO, (OH),

10

@ -Pb,(PO,

4)2

28(°)

Fig.1: The X-ray diffraction patterns of
Pb1o(PO4)s*y(OH),, prepared by ceramic
method (solid state reaction).

As can be seen from data, the best synthesis
for lead hydroxyapatite prepared by the solid state
reaction method is Pb1o(POa4)s52(OH), (y=0.97) and
Pb1o(PO4)s.88(OH). (y=0.98), only the phase peaks
with lead hydroxyapatite structure are present in the
X-ray patterns and there are no peaks of other phases
(pure lead hydroxyapatite reflections) [24]. In other
compositions,  Pbi1o(PO4)s70(OH),  (y=  0.95),
Pblo(PO4)5,75(OH)2 (y= 0.96), Pblo(PO4)5A94(OH)2 (y=
0.99) and Pb1o(PO4)s(OH) (y= 1.00) in addition to the
lead hydroxyapatite peaks, there are also lead
phosphate peaks Pbs(PO4), with an intensity of 6-23
%. We also found reflections whose intensity is
approximately 3 % compared to lead hydroxyapatite's
maximum intensity reflective structure. We can
assume that either the reflections of the superstructure
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or the component of reflection that is not part of the
structure isomorphic.

XRD patterns of samples of different value y
prepared by precipitation method (semi-ceramic
method) show that the phase composition of solid
solutions obtained after 50 hours of calcination is
constant.

The results of this system's phase analysis samples ar
e shown in Fig. 2 and Table-2.

Solution Pbm(POJ)ﬁ_l\(OH):

s -PbPO)),

26()

Fig.2: The X-ray diffraction patterns of
Pb1g(PO.)e+y(OH). (PbHAP), prepared by
semi ceramic (precipitation) method.

As shown in Fig. 2 and Table-2, the best
synthesis for lead hydroxyapatite prepared by
precipitation method (semi ceramic method) is
Pb1o(PO4)s.88(OH)2 (y= 0.98), only the phase peaks
with lead hydroxyapatite structure are present in X-ray
patterns and there are no peaks of other phases (pure
lead hydroxyapatite reflections).

Table-2: Phase composition samples of the systems
Pb10o(PO4)e+y(OH)2, which prepared by semi ceramic
(precipitation) method.

The relative intensity (1/Imaxx100,%) of the maximum
phase with the structure

Pb10(PO4)s(OH)2 Pb3(POa)2 Another phase
0.97 100 14 2
0.98 100
0.99 100 7 1
1.00 100 30 2

In other synthesis of lead hydroxyapatite
prepared by the same method Pb1g(POa)s.82(OH)2 (y=



Mohammed A.B. Abdul jabar and Ignatov A.V

0.97), Pblo(PO4)5,94(OH)2 (y= 099) and
Pb1o(PO4)s(OH)2 (y= 1.00), in addition to the peaks of
lead hydroxyapatite, there are also peaks of lead
phosphate Pb3(PO4), with an intensity of 7-30%.

In addition, we found reflections whose
intensity is about 2% compared to lead
hydroxyapatite's maximum intensity reflective
structure. It can be assumed that either the reflections
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of the superstructure or the component of reflection
that is not part of the structure isomorphic [25].

The chemical compositions (wt%) for solid
solution Pb1o(PO4)s(OH), were examined by SEM
(scanning electron microscopy) of elements (Pb, P and
0) and achieved in 24 points on five sections. All
results are presented in Tables 3, 4 and Fig. 3 and 4.

X3,000 Spm 0396 1060 BEG

Fig. 3: Scanning Electron Microscope (SEM) photographs of Pb1o(POa)s+/(OH). for (a) y=0.95, (b) y=0.96, (c)
y=0.97, (d) y=0.98, (e) y=0.99 and (f) y=1.00 (wt%), which synthesized by solid state reaction (ceramic

method) at 800 °C.

20k A3.000 Spnt 0394 10 60 BEC

d

Fig. 4: Scanning Electron Microscope (SEM) photographs of Pb1o(POs)s+/(OH). for (a) y=0.97, (b) y=0.98, (c)
y=0.99, (d) y=1.00 (wt%), which synthesized by semi ceramic (precipitation) method at 800 °C.
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Table-3: Results of the SEM of Pb1g(PO4)e+(OH) for y=0.95, y=0.96, y=0.97, y=0.98, y=0.99 and y=1.00 (wt%), which

synthesized by solid state reaction (ceramic method) at 800 °C.

P Pb H o
Y Calcd found Calcd Found Calcd found Calcd found
0.95 7.020 7.009 78.267 78.260 0.080 - 15.710 15.698
0.96 7.004 6.984 78.099 78.087 0.080 - 15.679 15.672
0.97 6.989 6.983 77.931 77.926 0.080 - 15.646 15.638
0.98 6.975 6.968 77.765 77.759 0.080 - 15.612 15.607
0.99 6.960 6.947 77.599 77.594 0.080 - 15579 15573
1.00 6.945 6.943 77.434 77432 0.080 - 15.546 15.544

Table-4: Results of the SEM of Ph1g(PO4)s+(OH), for y=0.97, y=0.98, y=0.99 and y=1.00 (wt%), which synthesized by

semi ceramic (precipitation) method at 800 °C.

y P Pb H o
Calcd found Calcd Found Calcd found Calcd found
097 6.989 6.979 77.931 77.921 0.080 - 15.646 15.636
0.98 6.975 6.966 77.765 71.757 0.080 - 15.612 15.608
0.99 6.960 6.942 77.599 77592 0.080 - 15.579 15.569
1.00 6.945 6.938 77434 77.429 0.080 - 15.546 15537

According to scanning electron microscopy
data (Table-3 and 4 and Fig. 3 and 4), the elements for
both methods (ceramic and semi-ceramic) are distributed
almost uniformly across the surface of the particles,
indicating the processes of replacement of homogeneous
samples occurring [26].

The data above showed that the measured
element values (Pb, P, and O) were approximate to the
calculated element values.

It is noted that by scanning electron microscopy
(SEM), it is not possible to measure the chemical
compositions (wt%) of the hydrogen element (H) in solid
solution Ph1o(PO4)e+(OH). because many reasons: first,
hydrogen element does not have fundamental electrons.
Second, H's orbital 1s electrons are valance electrons that
are involved in chemical bonding with other elements
and cannot distinguish between electrons of hydrogen
valence and other elements [27].

The measurement of the hydrogen element is
therefore impossible to determine by scanning electron
microscope (SEM) or by X-ray photoelectron
spectroscopy (XPS).

Conclusion

All samples were examined by X-ray powder
diffraction, electron microscopy scanning (SEM) and
energy-dispersive X-ray microanalysis. Samples of lead
hydroxyapatite  (PbHAP)  Pbig(POs)e+(OH),  were
obtained for 50 hours at 800 °C. Two methods
successfully prepared solid solutions lead hydroxyapatite
Pb1o(PO4)e+y(OH).: ceramic and semi-ceramic.

In the ceramic method, two compositions
Pblo(PO4)5,82(OH)2 (y= 0.97) and Pblo(PO4)5,83(OH)2
(y= 0.98) were obtained with only pure lead
hydroxyapatite reflections, while the solid solution
Pb1o(PO4)s88(OH), (y= 0.97) only pure lead
hydroxyapatite reflections were obtained in the semi-

ceramic method obtained. Other compositions with
various phases were also obtained (not pure lead
hydroxyapatite). There are many reasons for the
presence of these reflections from our point of view:
first, heated air water vapor entered the composition.
Second, some ingredients have reacted sideways,
interfering with the main reaction, and third, the
presence of vacancies in the compositions that have
not yet been identified.

For the improvement of new practical
materials with lead hydroxyapatite, we recommended
obtained results from this study.
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