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The Effects of the Polymers as a Sacrificed Material for the Hydroxyapatite  
Powder Synthesized by an Ultrasonic Spray Pyrolysis Process

The HAp (hydroxyapatite) excellent ion exchange resin and has adsorption properties of heavy metals and organic materials. 
It is used as an adsorption material and as an organic drug-delivery material due to these characteristics, that are essentially con-
trolled the specific surface area. In this paper, the specific surface area was controlled by adding polymers of polyvinylpyrrolidone 
(PVP), polystyrene beads (PSB), and polyethylene glycol (PEG). Through the USP process, the HAp powder is able to synthesize 
into the spherical shape, specific surface area, and pore were controlled by the properties of the polymers.
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1. Introduction

Hydroxyapatite (Ca10(PO4)6(OH)2; HAp) is the inorganic 
compound based on the calcium phosphate, which has a com-
position and structure similar to human bones [1-3]. Thus, it is 
being used in the various fields such as the implants and the bone 
supports [4-5]. In addition, the HAp is used in the environmental 
fields including the adsorption of the heavy metals and organic 
substances, air purification filters, and adsorbents, due to the 
characteristics such as the high removal ability and organic 
matter adsorption against divalent heavy metal ions [6-9]. The 
adsorption performance essentially improves the specific surface 
area through a surface modification. Moreover, it is necessary 
to control the morphology of the particles [10]. 

The surface modification generally is conducted the addi-
tional process after the powder synthesized process. In contrast, 
in the USP process, by adding a polymer material to the precursor 
solution, it is possible to have a surface modification effect si-
multaneously with powder synthesis [11-12]. In the USP process, 
the precursor solution passes through the reactor in the form of 
droplets due to the ultrasonic atomizing and carrier gas injection. 
The solvent is evaporated, and particles are synthesized through 
thermal decomposition [13]. At this time, the synthesized particle 
properties were controlled by adjusting process parameters at 
low cost, and porous structures using polymers during the USP 
process were also studied [12,14-16].

In this study, it aimed to control the specific surface area 
by synthesizing spherical HAp during the USP process with the 
polymer addition as the sacrificed materials. The polymers used 
for the specific surface area control were polyvinylpyrrolidone 
(PVP), polystyrene beads (PSB), and polyethylene glycol (PEG). 
The difference in the morphology and specific surface area of ​​
the powder synthesized by adding hydrophilic PVP and PEG 
was investigated [17-18]. Also, hydrophobic PSB was compared 
with hydrophilic PVP and PEG to clarify the mechanism [19].

2. Experimental

The calcium nitrate tetrahydrate (ALDRICH, 99.0%) and 
phosphoric acid (DAEJUNG, 85%) were used as the precursors 
to synthesis of the HAp. The precursor solution was prepared by 
fixing to 1 M (Ca/P = 1.67) in D.I water as a solvent.

To treat the surface of the HAp powder, polyvinylpyrrol-
idone ((C6H9NO)n, ALDRICH, Mw = 55,000 g/mol), polyethyl-
ene glycol (H(CH2CH2O)nOH, DAEJUNG, Mw = 400 g/mol), 
and synthesized polystyrene beads ((C8H8)n, beads size: 
163 nm ± 16 nm) was used as the sacrificial materials to increase 
of the specific area. They were used in the above solution ac-
cording to the volume ratio of HAp : Polymer = 1 : 1, followed 
by stirring at room temperature [20]. In the USP process, the 
temperature of the reactor composed of the two heating units 
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was fixed to the first heating unit 200℃ and the second heating 
unit 800℃. The air was used as the carrier gas, the flow rate 
was fixed at 3 L/min, and the prepared solution injection rate 
was fixed at 0.4 mL/min. The USPed powder was conducted 
collected in a collector. The prepared powder was additional 
heat treatment at 600℃ for 2 h. This process was performed to 
remove residual polymer and the dense structure.

The X-ray diffraction (XRD, ULTIMA IV, Rigaku) was 
analyzed to confirm the phase of the produced powder. The 
crystallite size of the powder was calculated by Debye Scherrer 
equation: Dhkl = Kλ(Bhkl cosθ), where Dhkl is the crystallite size 
in the direction perpendicular to the lattice planes, hkl are the 
Miller indices of the planes being analyzed, K is a numerical 
factor frequently referred to as the crystallite-shape factor, λ is 
the wavelength of the X-ray, Bhkl is the width (FWHM) of the 
X-ray diffraction peak in radians and θ is the Bragg angle [21]. 
The morphology and particle size were observed using the Field 
Emission Scanning Electron Microscopy (FE-SEM, SIGMA 500, 
CARL ZEISS). The specific surface area of the HAp powder was 
analyzed by the Brunauer-Emmett-Teller (BET, 3Flex Version 
4.05 MICROMERITICS).

3. Results and discussion 

Fig. 1(a) shows the phase of the raw USPed powder and 
additional heat-treated powder by the XRD analysis, that they 
were confirmed to the HAp phase. The crystallite sizes calcu-
lated from the FWHM values were 18 nm and 23 nm of the raw 
USPed HAp powder and additional heat-treated HAp powder, 
respectively. Fig. 1(b)-(c) show the SEM images of the raw 
USPed HAp powder and additional heat-treated HAp powder that 
were observed in the spherical shape. The additional heat-treated 
HAp powder surface was rougher than that of the raw USPed 
HAp powder. The difference of the HAp powder surface rough-
ness was suggested that the additional heat treatment increases 
the crystallite size of the HAp.

The XRD patterns show the phase analysis results of the 
USPed powder synthesized by adding polymer (Fig. 2(a)) and 
the additional heat-treated powder (Fig. 2(b)). According to 
the phase analysis results of the USPed powder prepared by 
adding the polymer and the additional heat treatment powder, 
it was found that they were synthesized in the same HAp phase 
regardless of the type of polymer. Therefore, it was possible 

Fig. 1. (a) XRD analysis results of the raw HAp synthesized via USP process and additional heat treatment at 600℃ for 2 h, FE-SEM results of 
raw HAp synthesis via (b) USP process and (c) additional heat treatment at 600℃ for 2 h

Fig. 2. XRD patterns of the prepared powder adding polymers as (a) USP process and (b) additional heat treatment at 600℃ for 2 h



89

to control the specific surface area of the pure HAp powder 
without phase change and the appearance of a second phase 
by adding a polymer. For the USPed HAp powder prepared by 
adding each PVP, PSB, and PEG polymer, the crystallite size by 
the FWHM of XRD results was calculated to be 15 nm, 18 nm, 
and 14 nm, and for the additionally heat-treated HAp powder, 
it was 17 nm and 19 nm and 16 nm, respectively. As a result of 
FWHM synthesis of HAp by addition of polymer, the crystal size 
of USPed HAp powder and HAp powder subjected to additional 
heat treatment was similar. Through this, it was considered that 
the polymer inhibited the growth of HAp particles during the 
particle synthesis process [22].

The shape of the both USPed (Fig. 3(a)-(c)) and additional 
heat-treated HAp powders (Fig. 3(d)-(f)) with the polymer ad-
dition and were observed to be spherical. As shown in Fig. 3(a) 
and (d), the HAp powder surface had a dimple morphology 
when PVP was added. Also, the porous structure observed in 
the HAp powders adding PSB or PEG (Fig. 3(b,e), (c,f)). The 
bead-shaped spherical open pores were observed in the HAp 
powder to which PSB was added. Whereas the HAp powder 
adding PEG had skeletal structure. 

In the USP process, it is divided into a first heating zone 
where D.I water is as a solvent evaporated and second heating 
zone where particles are synthesized. The first heating zone was 
set 200°C, and the second heating zone was set at 800°C. The 
decomposition temperature of the polymer was 450°C, 360°C, 
and <400°C in the order of the PVP, PSB, and PEG, which was 
lower than that of the HAp powder synthesized temperature 
(800°C). PVP is homogeneously dissolved in the HAp solution, 
and the polar chain of the PVP is grafted on the surface of the 
HAp. The polar chain of the PVP is caused by the coordinating 
bone between Ca2+ on the HAp surface and the oxygen atom 
of the carboxyl group [23]. It was assumed that the PVP was 
grafted not only to the surface of the particles but also to the 

inside of the particles as it was dissolved. The hydrophobic PSB 
was decomposed on the solid state to generate spherical pores in 
the form of the beads. PEG is hydrophilic such as the PVP and 
was soluble in the HAp solution, and the skeleton structure was 
observed as it was decomposed into a liquid state. Additionally, 
the decomposition of the HAp through oxidation of a carbon 
randomly placed between HAp aggregates was performed by 
the pyrolysis of PEG [24]. 

The additional heat treatment was conducted to remove the 
residue originated in the rapid synthesis rate on the USP process. 
Since the decomposition temperature of the polymer was lower 
than the heat treatment temperature of 600°C, it was expected 
that all residual polymers would be removed. In the case of the 
PVP added HAp, the dimple sizes by the image analysis were 
179 ± 60 nm and 171 ± 35 nm for the USPed HAp powder and 
additional heat-treated HAp powder, respectively. Also, the 
pore sizes of the HAp synthesized adding PSB and PEG USPed 
HAp powders were 82 ± 15 nm and 293 ± 81 nm. The heat-
treated HAp powder pore size was analyzed to be 78 ± 9 nm 
and 339 ± 99 nm for PSB and PEG, respectively. The pore sizes 
of PSB and PEG were similar to the USPed HAp powder and 
additional annealed HAp powder.

Fig. 4 is a specific surface area result by BET analysis. 
This is a graph showing the specific surface area results of raw 
USPed HAp powder, raw additional heat-treated HAp powder, 
and additional heat-treated HAp powder with each polymer 
added. The specific surface area of the raw USPed HAp powder 
and additional heat-treated HAp powder were 3.806 m2/g and 
14.581 m2/g. And the HAp powders specific surface area by add-
ing PVP, PSB, and PEG were additional heat-treated HAp pow-
ders 33.825 m2/g, 16.732 m2/g, and 21.345 m2/g, respectively. 
The hollow structure of the HAp powder adding PVP could not 
be accurately observed, unlike the HAp powder with the PEG. 
It was suggested that the specific surface area of the HAp powder 

(c)

Fig. 3. FE-SEM images of the HAp synthesis adding (a, d) PVP (b, e) PSB and (c, f) PEG via (a-c) USP process and (d-f) additional heat treat-
ment at 600℃ for 2 h
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with the PVP is higher due to the influence of the large amount 
the mesoporous. Hydrophobic PSB dissolves heterogeneously 
in the HAp solution. Therefore, since the porous structure does 
not appear, the specific surface area was the smallest value.

Fig. 4. BET analysis for all samples via USP process and additional 
heat treatment

4. Conclusions

The specific surface area was controlled by the property 
conditions of the polymer through the ultrasonic spray pyrolysis 
process. The polymers were used the PVP and PEG polymers 
of the hydrophilic property, and hydrophobic PSB. The powder 
prepared by adding the polymer also had a HAp single phase, and 
pores could be formed without any phase change. The powder 
prepared by adding PVP had a high specific surface area with 
a mesoporous dimple structure. HAp powder having a skeletal 
structure was synthesized because the PEG polymer dissolves 
hydrophilically in a liquid state. Finally, hydrophobic PSB was 
non-uniformly dissolved in the HAP solution and had the least 
effect on the specific surface area increase. In conclusion, it was 
confirmed that the particle characteristics such as the pore shape 
and specific surface area of the prepared HAp powder were 
controlled by the physical properties of the polymer.
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