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Abstract  

 

In this work, a study on the thermoluminescence (TL) induced by gamma radiation in 

synthetic hydroxyapatite (HAp) annealed at different temperatures obtained by the 

precipitation method is presented. Synthesis of hydroxyapatite HAp was carried out 

starting from inorganic precursors [Ca(NO3)2•4H2O y (NH4)2HPO4]. The precipitate 

was filtered, washed, dried and then the powder was calcined at different temperatures 

until the HAp decomposition. The structural and morphological characterization was 

carried out using both X-ray diffraction (XRD) and scanning electron microscopy 

(SEM) techniques. Thermoluminescent (TL) properties of HAp powders were 

irradiated at different gamma radiation doses. According to X ray diffraction patterns, 

the tricalcium diphosphate phase (TCP) appear when the HAp was calcined at 900°C. 

TL glow curve showed two peaks located at around 200°C and 300°C, respectively. 

mailto:karlasandovalc@gmail.com
mailto:jzarate@umich.mx
mailto:jlruiz@umich.mx
mailto:riveramt@hotmail.com


ISSSD 2014 
April 13 to 16

th
, 2014.  Cusco, Peru 

 

994 

 

TL response as a function of gamma radiation dose was in a wide range from 25 to 

100 Gy. The fading of the TL response at 134 days after irradiation was measured. 

Experimental results showed that the synthetic hydroxyapatite obtained by 

precipitation technique may have dosimetric applications when is annealed at 

temperature of 900°C, where the TCP phase appears and contributes to TL response, 

which opens the possibility of using this biomaterials in the area of dosimetry, as they 

are generally used for biomedical implants.  

 

 

 

 

Keywords: Synthetic hydroxyapatite; tricalcium diphosphate; Thermoluminescence; 
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1.- INTRODUCTION  

 

It is known that hydroxyapatite [Ca10(PO4)6(OH)2], is the main inorganic component of 

bones and teeth, and is synthesized in the laboratory as a biomaterial used in implants and 

strengthening bones [Bakan et al., 2013 Godfrey and Pass 1997, Tas 2001], so it is 

proposed to use this material for dosimetric purposes, with the advantage of being 

synthesized in the laboratory, and the results are reproducible. Pure hydroxyapatite can be 

obtained by reactions in aqueous systems or solid state reactions [Sastre et al., 2004, 

Martínez et al 2008, Hench 1998, Hayek and Newesely 1963, LeGeros 1991, LeGeros 

1984]. However, when it is prepared by aqueous precipitation systems or hydrolysis 

methods, is important the formulation of the appropriate precursors amounts to achieve a 

fully stoichiometric hydroxyapatite (molar ratio Ca / P = 1.67) because sometimes, a 

hydroxyapatite with calcium deficient is obtained. [Hench and Wilson 1999].  

Thermoluminescent materials have been prepared by different methods as mentioned in the 

paper of Azorin [2014], where the precipitation method not only has the advantages of 

being a simple process, suitable for doping and low production cost, but also can be 

prepared particles of uniform small size, because the precipitants are formed slowly and 

uniformly throughout the solution during the precipitation process. One of the method of 

hydroxyapatite synthesis  was proposed by Hayek [1963], which comprises the following 

reaction: 

10Ca(NO3)2·4H2O + 6(NH4)2 HPO4 +8(NH4)OH→Ca10(PO4)6(OH)2+20NH4NO3  

   + 46H2O…..…... (1) 

Hydroxyapatite formation by this method is sensitive to the concentrations of each 

precursor and the pH of the reaction. The precipitation temperature varies in a range from 

room temperature to 100 ° C. On the other hand, the decomposition of HA proceeds in two 

stages: reversible expulsion of water producing oxyapatite (OA), and irreversible 

decomposition to HA yielding calcium phosphates. Whereas the first decomposition stage 

has no significant effect on the properties of HA ceramics, the other leads to modify the 

structural and functional properties. Water and powdered HA begin to be separated already 

at 1173 K. The water is liberated gradually, and hydroxyoxyapatite Ca10(PO4)6Ox(OH)2(1−x) 
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(HOA) with a gradually decreasing content of OH groups is formed [Cihlar 1999]. 

Frequently the decomposition products from the HOA are described as TCP-tricalcium 

phosphates (Ca3(PO4)2), TetCP-tetracalcim phosphate (Ca4(PO4)2) and H2O. TCP, with a 

Ca/P ratio 1.5, seemed to be a good candidate for thermoluminescence and 

Photoluminescence applications by virtue of its crystal structure and doped with Dy or Eu 

[Madhukumar et al., 2007].  

In the case for dosimetric uses [Azorin 2014] a TL material is expected to have the 

following characteristics: Relatively simple glow curve with the main peak at about 200 °C, 

high sensitivity and low fading, resistance to environmental factors, independence of the 

radiation energy, good linearity in the specific useful range of dose. Only a few materials 

have been found so far to match all the above characteristics. However, research in this area 

is ongoing and is expected new appropriate TL materials to be developed in the near future. 

Alvarez et al. 2013 synthesized Hydroxyapatite by the sol gel method to determine the 

thermo luminescence characteristics, and they found that hydroxyapatite obtained by this 

method may have used in gamma radiation dosimetry applications. 

The purpose of this study was to determine the effect of thermal decomposition at low 

temperature in the thermoluminescent response of hydroxyapatite, obtained by precipitation 

method for possible application as dosimetric material. 

 

   

2.- MATERIALS AND METHODS  

 

The hydroxyapatite (HAp) powders were prepared by precipitation method, using calcium 

nitrate tetrahydrate (Ca(NO3)2.4H2O) and ammonium hydrogen phosphate ((NH4)2HPO4) 

as precursor salts and ammonium hydroxide (NH4OH, ammonia water) as precipitant agent 

and pH control. With the salts were formed separate solutions of 0.5 M and add to calcium 

nitrate solution the ammonium hydroxide until the pH was maintained at 10±0.2. After was 

added dropwise by a peristaltic pump the Ammonium Hydrogen Phosphate solution until 

obtain the Ca/P ratio of 1.67 with magnetic stirring. The temperature and pH were 

maintained at 60±0.3°C and 10±0.2, respectively. The system reaction synthesis to obtain 

the equilibrium of reaction according to ec. 1, was kept under magnetic stirring for 1/2 h, 
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thereafter, the suspension was filtered and washed with 2.5 l of distilled water, which was 

preheated to 70°C. Finally the precipitate was dried at 80°C for 24 hours in an oven. The 

hydroxyapatite fresh powder was isothermally calcined at 300 °C, 700 °C and 900 °C for 

1h. For each calcined powder, the influence of the gamma irradiation dose was also 

investigated, as well as the temperature effects on the structure and morphological 

characteristics. The crystallographic phases were characterized by studying the XRD 

patterns obtained in a  Siemens D-5000 X-ray with source radiation of  λ=0.15406 nm from 

a Cu target and using Ni-filtered in the 2θ range of 20–55 degrees.  Morphological 

characteristics of the powders were obtained using the scanning electron microscope SEM 

(Jeol 6400) using the tungsten filament, the samples were coat with a thin Cu layer prior to 

this analysis. The gamma irradiation dose, was carried out with 60Co γ-ray source facility, 

in the powders after its were packed in plastic cover and weighted. Their radiation was 

done under electronic equilibrium in Plexiglas with approximately 3% of uncertainty. The 

correction for the decay of 60 Co radio nuclide and the subsequent decrease of the dose rate 

was performed. The dose of gamma radiation was at 25, 50, 75 and 100 Gy for each 

sample. Previously to performing the gamma radiation measurements HAp powder samples 

were submitted to a thermal treatment at 300 °C during 30 min in order to erase any 

undesirable information. Thermoluminescent readings were made using a Harshaw 3500TL 

analyzer coupled to a personal computer in order to process and analyze the glow curves 

data. The heating rate of the TL analyzer was kept at 10 °C/s for all readings. The TL 

emission was integrated from room temperature (RT) up to 350 °C. In order to reduce the 

thermal noise, resulting from the heating planchet of the TL reader, readings were made 

under nitrogen atmosphere. 

  

 

3.- RESULTS  

 

Morphological and structural characteristics, and thermoluminiscent response are shown 

and discussed in this section. The morphology of HAp powders was carried out by 

scanning electron microscopy and its shown in figure 1. Fresh powders aggregates are 

composed of very fine particles (fig. 1a), maybe in the nanometer range. When de powder 
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is calcined at higher temperatures is observed slightly increased of particle size up to 900 ° 

C, where a slight sintering of aggregates is appreciated (fig. 1d). Alvarez et al.  [2013] 

obtained similar morphologies in the synthetic hydroxyapatite by sol-gel route, where only 

the sintered at 1200 ° C shows a totally different morphology due to sintering was noticed. 

    

 

Figure 1.- Morphology of HAp powders. a) Fresh, b) 300°C, c) 700°C and d) 900 °C  

 

The correspondent diffraction patterns of uncalcined and calcined samples prepared by 

precipitation route and annealed at 300 °C, 700 °C and 900 °C, respectively, are shown in 

figure 2. HAp powders synthesized, present the hidroxyapatite hexagonal crystalline phase 

(space group P63/m) according to JCPD card Nr. 09-0432, were there are several major 

peaks at 31.7°, 32.9, 25.87°, that correspond to the planes (211), (300) and (003), 

respectively, and other of lower intensity but well defined. 
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The powders calcined in the range of 300°C-700°C not show considerable changes in the 

phase, but at 900°C appear the TCP-tricalcium phosphates (Ca3(PO4)2) phase as product of 

the decomposition of the  hydroxyapatite. About this decomposition  have been several 

reports above 500°–800°C in the preparation of HA powders, Liu et al. [2001] reported at 

800°C the formation of TCP and Kim et al. [2004] at 500°C, probably by a slight Ca 

deficiency during synthesis or vacancies in Ca sites.  
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Figure 2.- XRD patterns of the HAp powders fresh (HA) and calcined at 300, 700 and 

900°C. 

The thermo-luminescent analysis corresponding to the uncalcined and calcined samples 

exposed to gamma radiation with 
60

Co at different doses are shown in the graphs of 

Figure 3. TL glow curve of HAp obtained at temperature lower than 900 °C is not present 

below 300°C approximately. For the calcined sample at 900 ° C, the thermo-luminescent 

curve begins his formation from 150 °C and reaches a maximum peak at 270 °C 

approximately. This same behavior occurs for different doses as shown in the four graphs, 

but with the difference that the emitted intensity is greater when the dose increases. Is 

observed too an overlap with a minor peak that appears at 200 ° C at doses until 75 Gy. This 
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can be because the corresponding energy traps at 270 ° C have higher absorption capacity 

and retention, enough to completely cover up the signal of lower energy at higher doses. 

Alvarez et al. [2013] obtained similar results in hidroxyapatite calcined at 1200 ° C, where 

they found two peaks, the first of lower intensity at 200 ° C and the second at 300 ° C. 

Integrating the area under the curve for the HAp900 sample, is obtained the necessary 

data for the proportionality as a function of radiation dose as shown in figure 4, where the 

thermo-luminescence response was linear in the range from 25 to 100 Gy. This range was 

studied in order to use the material for high dose, and could be used in gamma radiation 

industrial dosimetry. In order to obtain the TL fading characteristics, the sample calcined 

at 900°C was irradiated at 50 Gy with gamma iradiation, and storage at room temperature 

during 134 days.  The TL response remaining in the phosphor, as it can be seen in the 

figure 5.  This behavior is good, because a phosphor for applications in dosimetry need to 

storage the energy during large time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.- TL glow curves of HAp powders submitted at different doses.  
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Figure 4.- TL response as a function of gamma absorbed dose in HAp powders. 

 

 

 

 

Figure 5.- TL glow curves of HAp powders calcined at 900°C after 134 days of submitted at 

50 Gy of dose.  
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4.- DISCUSSION  

 

The luminescence in the materials depends strongly from impurities and defects that 

influence the electronic level of the atoms, because of this, the synthesis and 

processing of thermoluminescent materials plays an important role in the 

composition and structure characteristics.[Azorin 2014] So the synthesis and 

processing in this work influence the luminescence response, thus, synthesized 

powders of Hydroxyapatite have the characteristic of structure hexagonal crystal  of 

this phase, and is stable to a temperature <900 °C as shown in the figure 2, but at this 

temperature, the TCP phase is defined as a product of decomposition of the 

hydroxyapatite. Relating the stability of synthesized samples with the 

thermoluminescent results, the biphasic sample (HA900) had a well defined 

response., is important to note that according to the analysis by Madhukumar et al., 

[2007] pure TCP phase not present this property until it is doped with Eu or Dy. So 

in this work, having the TCP phase as a result of in situ decay, creates a synergistic 

effect that favors the creation of defects and therefore, increases the formation of 

traps energy and keep energy stability versus time, as measurement was evaluated 

after 134 days. Therefore, this material can be a candidate also for dosimetric 

purposes due to good proportionality function of absorbed dose.  

 

 

5.- CONCLUSIONS  

 

With this purpose, the effect of the thermal decomposition of hydroxyapatite synthesized 

by precipitation method in the thermoluminescent response was determined. Where the 

biphasic sample obtained when the HAp powders were calcined at 900°C, had a well 

defined response, due to synergistic effect to increases the formation of traps energy and 
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keeps the stability versus time when the TCP phase is present as a decomposition product. 

Therefore, this biphasic material opens the possibility of using as biomaterials in the area of 

dosimetry, as they are generally used for biomedical implants. 
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