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Abstract 
 

Hydroxyapatite particles are bioactive material and widely used in medical application for human 
bone implant and teeth filler. Nanometer size is preferred for compactness purpose and easier to 
integrate with bone tissues. Here, we reported the synthesis of hydroxyapatite particles in a flame 
reactor. LPG mainly consisting of butane and propane was used as fuel and compressed air was used 
as oxydizer and carrier gas. The effects of urea and ethylene glycol adding into precursor on 
morphology and crystallinity of the generated particles were investigated. Scanning electron 
microscopy (SEM) and X-ray diffraction (XRD) were used to observe particles morphology and 
crystallinity, respectively. Purity of the generated particles was analyzed quantitatively from XRD 
pattern using Rietveld method. Without adding additives, micro-submicrometer particles were 
generated. Increasing number of additives led to reducing particles size up to nanometer scale for urea 
addition of 30 w% and fuel flow rate of 1 L/min. However, hydroxyapatite tended to form calcium 
phosphate, indicates that the energy to form hydroxyapatite was exceeded. On the other hand, 
morphology of particles from spherical to unspherical and agglomerated primary particles was 
obtained by using ethylene glycol addition from 10 to 20 w%. The type and the concentration of 
additive and the fuel flow rate should be optimized to improve particles properties of reduced particles 
size.  
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1. Introduction 
Hydroxyapatite (HA) or (Ca10(PO4)6(OH)2 has been widely used in orthopaedic and dental 

applications for human bone implant and teeth filler due to their biocompatibility and osteoconductive 
properties. Fine to nanoparticles of HA with appropriate stoichiometry and purity are preferred 
because they enhance densification and bioactive properties.  

HA nanoparticles can be prepared by wet and solid state processes. However, non-stoichimetric 
apatite, wide size distribution, and hard aggregation of the generated particles usually formed using 
these processes. In addition, in wet process, additional treatment is needed to separate by-product 
from preferred product. On the other hand, particles prepared from spray pyrolysis has narrow size 
distribution, continous process, high purity, good crystallinity, and stoichiometry [Okuyama and  
Lenggoro, 2003]. If the energy is generated chemically in-situ driving reactions for particles 
formation, the process is called flame spray pyrolysis [Strobel and  Pratsinis, 2007]. This is the 
advantages of flame spray pyrolysis which does not require an additional source of energy for 
precursor conversion such as plasmas, lasers, or electrically heated walls.  

In flame spray pyrolysis, combustible or volatile precursor is used to prepare nano-sized 
particles. However, the use of volatile precursor is limited on a few material and very expensive cost. 
Inexpensive aqueous inorganic precursor is usually used to prepare submicrometer particles because 
the primary nanoparticles form the agglomerated secondary particles with submicron size. Attempts to 
generate nanoparticles in flame reactor using aqueous inorganic precursor by adding addtitive into 
precursor has been reported by previous investigator. Polyethylene glycol (PEG) added into HA 
precursor resulted in nano-sized HA powders was produced in flame reactor [Cho and  Kang, 2008]. 
The use of PEG to produce nanoparticles was also reported in spray pyrolysis process [Wang et al., 
2007]. However, the process needed thermal post-treatment to remove polymer. Urea assisted flame 
spray pyrolysis to generate BTO nanoparticles was also reported [Purwanto et al., 2007]. Other 
materials are also able to release energy when they are combusted such as ethylene glycol. However, 
as the best our knowledge, the comparison of both additives has not been reported. Here, we evaluated 
the effects of precurso additives: urea and ethylene glycol, added into precursor on the characteristics 
of the generated particles.   

 
2. Experimental 

The schematic diagram of flame reactor is shown in Figure 1. They consist of an ultrasonic 
droplet generator, diffusion flame burner, electrostatic precipitator as powder collector and vacuum 
pump. The flame nozzle has three concentric pipes. Droplet generated from ultrasonification of the 
precursor solution was supplied to the diffusion flame through the center pipe. LPG and air were used 
to generate diffusion flame with constant ratio of LPG and air. To ensure a complete combustion, 
excess air was used in which for 0.5 L/min LPG flow rate needed 4 m3/hour air flow rate. LPG mainly 
consisted of butane and propane gases used as fuel was supplied into the second concentric pipe. A 
compressed air was used as oxidizer gas flowed through the third concentric pipe. Compressed air 
was also used as a carrier gas. The carrier gas flow rate was 1.7 L/min. Ca(NO3)2.4H2O (Merck) and 
(NH4)2HPO4 (Merck) were selected as precursor materials. All chemicals were used without further 
purification. The solution concentration was fixed at 0.1 M with Ca/P molar ratio of 5:3. Urea, and 
ethylene glycol of commercial grade were selected as additives. The concentration of additive was 
changed from 10 to 30 weight percentage of total precursor. 

X-ray diffraction (XRD, X’Pert RINT 2200V, Phillips) with CuKα radiation (λ=1.5418Ǻ) was 
used to investigate the crystal structures of the generated HA particles. The purity of the generated 
particles was analyzed quantitatively from XRD pattern using Rietveld method provided by free 
software, MAUD program. The morphological characteristics of the generated particles were 
examined using scanning electron microscopy (SEM, Zeiss Evo MA LS series). 
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Figure 1: The experimental set-up of flame spray pyrolysis process 
 

3. Results and Discussion 
The effect of urea concentration added into HA precursor on the generated particles using LPG 

flow rate of 0.5L/min is shown in Figures 2(a-c). Without urea addition, powders with submicron 
sizes and spherical shape were synthesized as shown in Figure 2(a). Using 10 w% urea addition as 
shown in Figure 2(b), unspherical and swallowed particles were observed. Increasing urea addition at 
20w%, broken and disintegration into smaller particles were generated as indicated in Figure 3(c). 
The disintegrated particles increased with increasing the flow rate of fuel. Figures 2(d-f) show the 
morphologies of particles generated using flow rate of fuel of 1 L/min with urea addition of 10, 20 
and 30 w%, respectively. By adding 30 w% urea, nano sized HA particles can be generated. Similar 
resuls were also obtained for BTO particles generation, that the addition of urea concentration should 
be high enough to disintegrate the original particles [Purwanto et al., 2007]. The disintegration of 
particles is caused by the decomposition of urea which completely decomposes at 360ºC.     

 

 
Figure 2: SEM images of HA particles prepared by fuel flow rate of 0.5L/min a) without urea, 
b) 10 w% urea, c) 20 w% urea, and fuel flow rate of 1 L/min with d) 10, e) 20, and f) 30 w% 

urea 
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The XRD patterns of HA particles prepared with the same condition as Figure 2 are shown in 

Figure 3. The particle structure was consistent with hydroxyapatite and tricalcium phosphate (TCP) 
with JCPDS Reference No. 24-0033 and No. 09-0348, respectively. For LPG flow rate of 0.5 L/min, 
HA structure increased with increasing the urea concentration containing 29, 57 and 98 percentage of 
HA for no urea addition, 10 w%, and 20 w% urea addition, respectively, calculated based on Rietveld 
method. However, by using LPG flow rate of 1 L/min, the HA structure decreased with increasing the 
urea concentration. Based on Rietveld method, for urea addition of 10, 20 and 30 w%, the particles 
contained HA structure of 100, 98 and 59%, respectively. The change of structure of HA to TCP 
follows the following equation: 

Ca9(HPO4)(PO4)5(OH) → 3 Ca3(PO4)2 + H2O 
which required energy to carry out the reaction. Therefore, at flow rate of fuel 0.5 L/min, the energy 
supplied by flame was not enough to decompose HA to TCP even though urea as solid fuel was added. 
On the other hand, at flow rate of fuel 1 L/min, addition of urea led to increase the formation of TCP 
because the flame energy promoted further combustion of urea. The heat of urea combustion is as the 
following equation: 

NH2CONH2 + O2 → N2 + 2 H2O + CO2  ΔH =  – 650.2 kJ/mol 
  

 
Figure 3: XRD patterns of HA particles prepared by fuel flow rate of 0.5L/min a) without urea, 

b) 10 w% urea, c) 20 w% urea, and fuel flow rate of 1 L/min with d) 10, e) 20, and f) 30 w% 
urea 

 
The morphologies of particles generated by flame spray pyrolysis from the spray of precursor 

added ethylene glycol as additive with flow rate of fuel 1 L/min were shown in Figure 4. By adding 
10 w% ethylene glycol, the particles morphology was still spherical as those without ethylene glycol 
addition. By increasing the additive to 20 w%, the generated particles were non-spherical shapes and 
aggregated structures with nano-sized primary particles comprised into submicrometer size. The heat 
of combustion of ethylene glycol is expressed as the following: 

2 C2H6O2 + 5 O2 → 6 H2O + 4 CO2  ΔH =  – 46.874 kJ/mol 
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Figure 4: SEM images of HA particles prepared by fuel flow rate of 1L/min with a) 10 w% and 

b) 20 w% ethylene glycol as precursor additive 
 

Figure 5 shows the XRD spectra of particles generated by fuel flow rate of 1 L/min and 
ethylene glycol as additive. They indicated that the crystal structure consisted of both HA and TCP 
crystal structure. Quantitative calculation of crystal component of particles produced by adding 10 
w% ethylene glycol contained only 22% HA crystal structure. Increasing ethylene glycol to 20 w%, 
the generated particles were only consisted of TCP crystal structure. Therefore, the addition of 
ethylene glycol into the precursor has contribution on further reaction of HA into TCP.  

 

 
Figure 5: XRD patterns of HA particles prepared by fuel flow rate of 1L/min with a) 10 w% 

and b) 20 w% ethylene glycol 
 

4. Conclusion 
Hydroxyapatite particles were synthesized by aerosol spray pyrolysis. The effects of 

concentration of additives of urea and ethylene glycol have been evaluated. Spherical shape of 
particles morphology was obtained for particles synthesized without additive. Increasing fuel flow 
rate and urea concentration led to further disintegration of the generated particles. Nano sized particles 
were generated for fuel flow rate of 1 L/min and concentration of urea addition of 30 w%. On the 
other hand, the use of ethylene glycol up to 20 w% added into precursor produced unspherical and 
agglomerated primary particles with particles size in the range of submicrometer. Increasing urea and 
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ethylene concentration led to the increase of tricalcium phosphate as a further reaction of 
hydroxyapatite for flame generated by using LPG as fuel of 1 L/min. 
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