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Abstract : 

Natural hydroxyapatite is nanostructured. Also, there exists 

a minute amount of magnesium ion in the composition of 

natural hydroxyapatite. The presence of this ion changes 

the stoichiometric hydroxyapatite to more biodegradable 

nonstoichiometric hydroxyapatite. The doping of 

magnesium ions into the hydroxyapatite structure, which is 

of great interest for the developing of artificial bone, was 

performed starting from a wet chemical synthesis method 

using magnesium chloride 6-hydrate as Mg source. 

Chemicophysical characterizations tests were carried out 

onto the synthetic Mg-substituted (~30-70 nm particle size) 

powders in comparison with carbonated HA (~70-130 nm 

particle size) and stoichiometric HA (~130 nm particle 

size). The crystallite size, the crystallinity index and unit 

cell parameters of Mg-substituted HA were computed from 

X-ray diffraction patterns and then compared with 

stoichiometric HA. The homogeneity of composition was 

studied with SEM-EDAX technique. Results show that 

magnesium was incorporated in the composition of 

synthesized hydroxyapatite powder. In addition, presence 

of magnesium ion in the structure of hydroxyapatite results 

in reduction of crystallite size and the crystallinity index. 

The incorporation of magnesium ion in the structure of 

hydroxyapatite cause to increase about 0.1% of a-axis and 

0.3% reduction of c-axis of HA unit cell parameters in 

comparison with stoichiometric HA. It seems that low 

crystallinity of synthetic Mg-doped nonstoichiometric 

hydroxyapatite makes it more biocompatible and enhances 

the solubility of the material at the physiological pH values.  
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1-Introduction 

Nowadays one of the major health problems is 

bone fractures and tooth loss due to 

osteoporosis, accidents, incorrect hygienic 

behaviors, etc.  Use of dentures for solving 

problems and platinum and planting metal to 

connect affected bones for bone graft. Although, 

is usual but it had many problems. Planting 

Implant has many damages in fractures of the 

bone, especially        ( local infictions and 

incompatibility Implant with body). On the 

other hand; renewed surgery for bring out the 

Implant is also one of the major patient’s 

problems (1-6). Scientists have been looked a 

component which had the most agreement 

body’s bone and the least damages. 

Stiochiometric Hydroxyapatite, with crystalline 

Hegzagonal structure has been known as the 

most biocompatibility, that by reason of high 

similarity its component to bone and high 

biocompatibility is one of the replaceable 

material in a planting bone [ 6-7]. 

But biologic Hydroxyapaite is nonstoichiometric 

and it has been destroyed faster than 

tiochiometric Hydroxyapatite and is more 

bioactive, there are numerous ions such as 

Magnesium, Sodium, Carbonate, Folour, etc. in 

its structure. Magnesium and Carbonate are the 

most important and effective ions in hard 

texture of body’s bone structure ( Biologic 

Hydroxyapatite ) [8-10].  The kind and amount www.SID.ir
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of existing elements in components, the rank and 

size of crystalline and nano-particle are the 

increasing similarity factors in synthesized 

Hydroxyapatie to mineral part of the texture bone 

( biologic Hydroxyapatite) [12]. The interesting 

point, that is, the replacement of ions in Apatite 

structure, not only cause, to improve its 

biocompatibility, bioactive, mechanical 

properties and similarity to body’s of Apatite for 

the purpose of chemical component but also the 

period of treatment became shorter [3]. 

Since many articles have been published about 

the Astoichiometric Hydroxyapatite, that have 

been studied more on variables such as 

temperature, pH or synthetic method.  

Nowadays, researches are being done on the 

preparation of Apatites, include preparation 

techniques of nan-stoichiometric Apatites and 

advance in  the preparation of Apatite with 

structures in nanometer- scale  by 

nanotechnology  techniques. Also, there is 

Hydroxyapatites  in Stoichiometric 

Hydroxyapatites, which including  synthesized 

Zinc, Silicon and Rubidium.       Neither of these 

ions are in the structure of body bone. The use of 

Magnesium and Carbonate in the structure of 

Hydroxyapatite which makes it more than to 

bone composition, ever have been reported. This 

study is the first example. However, there are few 

papers in the world in the production of 

Hydroxyapatite with Magnesium, that it has been 

produced with the exception of chemical 

sediment methods. 

2-Experimental Activities 

 

The use of Acid-Alkali method in a specific 

temperature is good way for preparing 

Nanstoichiometric Hydroxyapatite and 

Stoichiometric Hydroxyapatite[13]. In this study, 

the sedimentation of chemical method was used. 

Phosphoric acid as provider which includes 

Phosphorus and Suspension is used, like Calcium 

Hydroxyapatite as provider of Calcium. For 

preparing Nanstiochiometric Hydroxyapatite 

containing Magnesium and Carbonate, the 

provider solution of Phosphor with  provider 

solution of Carbonate  for 3 hours to drop the 

suspension to a solution containing Calcium and 

Magnesium, was added. Concentration of the 

solution containing   Calcium and Phosphate 

salt was determined as the molar ratio of 

Calcium to Phosphate, was 1/67. During the 

addition of Phosphate and Carbonate to a 

solution containing Calcium and Magnesium, 

the Ph of solution was kept constant. After the 

solutions were added completely, the solution 

containing sediment was left on stirring for 24 

hours. Sediment obtained was washed with 

distilled warm water, after concentrate by 

Centrifugation. After washing twice, is located 

in air oven for drying. After complete drying 

became the powder. 

 

3- Result and Discussion  

 

Composition, structure, chemical and physical 

properties of obtained powder was studied by 

using of techniques such as SEM, FTIR, XRD. 

Infrared spectroscopy method  used  to  

determine  the chemical composition in the 

range of wave number 4000 – 500cm ¹ in 

bypass mode. Study on the crystal structure and 

recognition of existing phases in obtained 

powder, using X-ray diffraction method (XRD), 

by Diffractometer, using radiation Cuka of 

Copper with wave length of 1/5406   was 

investigated. Rang of angles of 4-70 degrees 

with a step size was equal to 0/02. The scanning 

electronic microscope was used to study 

morphology and to determine the particle size. 

XRD-pattern plotted by the Original ab pro 

software is shown (Figure 1&2). With 

recognition of obtained phase, these patterns and 

the pattern of Hydroxyapatit are indicated the 

presences of Hydroxyapatite phase. Is observed, 

the arrows intensity is reduced to 

Hydroxyapatite and the arrows have been 

winder [12]. This represents, reduction of  

Hydroxyapatite crystallization is  in the effect of 

adding Magnesium and Carbonate. Also, with a 

fixed matrix structure of the synthesized 

powder, the magnesium is reduced the fixed 

matrix c and is increased the fixed matrix a, and 

Carbonate vice versa. The fixed matrix changes 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

   

 
 

have been represented the presence of 

Magnesium and Carbonate into the matrix [15]. 

 

Figure1: XRD pattern plotted, a) Hydroxyapatite.  

b) Carbonate Hydroxyapatite  

 

Figure2: XRD pattern plotted. a) Hydroxyapatite. 

b) Magnesium Hydroxyapatite 

 

Can be observed in table 1, the Magnesium into 

the structure of Hydroxyapatite reduced the fixrd 

matrix c and increased the fixed matrix and 

Carbonate vice versa. For entering Carbonate to 

the structure of Hydroxyapatite, should occupy 

the position of Phosphate group, such as the size 

of this ion is smaller than Phosphate ion, caused 

density in the direction a, this subject imposed 

distortion to the structure and caused stretch 

changes in the direction a. Obtained results of 

FEIR is shown the effects of Magnesium and 

Carbonate in the system (figure 3&4). As is clear, 

the amount of density of tri-phosphates arrow by 

the presence of magnesium and carbonate has 

been reduced and arrow of Carbonate increased 

that indicate the presence of Carbonate in system. 

According to the results of SEM seems to be the 

presence of the Magnesium and Carbonate in the 

structure is stopped grains growth (Figure 5&6). 

This reduced the crystallization and this is reason 

for the presence of Magnesium and Carbonate in the 

structure. 

 

 

 

 

 
 

 

 
 

Kind of powder The fixed 

matrix a 

The fixed 

matrix c 

Hydroxyaptite 9/419 6/884 

Magnesium 

Hydroxyapatite 

9/424 87456 

Carbonate 

Hydroxyapatite 

9/405 6/8987 
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Studying the crystallites size of the 

Hydroxyapatite, Magnesium and Carbonate 

hdroxyapatite clearly showed the presence of 

Magnesium and Carbonate in the structure of 

Hydroxyapstite can be reduced the size of the 

crystallites. As can be seen in the figure, 

Magnesium has a greater effect in this 

relationship than Carbonate (Figure 7). 

 

Figure 3: FTIR Specter related to  a) 

Hydroxyapatite    b) Carbonate Hydroxyapatite 

 

Figure 4: FTIR Specter related to  a) 

Hydroxyapatite   b) Magnesium Hydroxyapatite  

 

Figure 5: SEM Picture of the nanostructure of the 

Magnesium Hydroxyapatite Powder 

 

Figure 6: SEM Picture of the nanostructure of the 

Carbonate Hydroxyapatite Powder  

 

Figure 7: The crystallization size of the 

Magnesium Hydroxyapatite and Carbonate 

Hydroxyaptite by comparison with hydroxypatite 

 

 
 

Conclusion: 
 

Magnesium and Carbonate into the structure of 

Hydroxyapatite cause to change the 

Hydroxyapatite matrix contants. Magnesium 

reduced the fixed matrix c and increased the 

fixed matrix and Carbonate vice versa. Effect of 

the presence of these two ions, reduced the 

intensity of the arrows and make them wider.  

Magnesium and Carbonate have been stopped 

grains growth, and created non-scale particle and 

may also reduced the crystallization. 
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