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In order to be used for medical applications, a material must exhibit many specific characteristics, of which the most 
fundamental is related to biocompatibility. Lately, the iron oxide nanoparticles are preferred for biomedical applications 
because they present a superparamagnetic behaviour at room temperature. The preparation method and conditions of iron 
oxide nanoparticles represents some of the most important challenges that will determine the particle size and shape, the 
size distribution, the surface chemistry of the particles and consequently their magnetic properties. The samples were 
characterized by X-ray diffractions (XRD), transmission electron microscopy (TEM) and infrared spectroscopy.  
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1. Introduction 
 
Bioceramic materials based magnetic particles are 

used in several biomedical applications [1-4]. Real 
applications of ferromagnetic material obtained by 
synthetic routes, controlling the size and the morphology 
in life sciences are distinct at the present time. 
Ferromagnetic bioceramics were utilised for hyperthermic 
treatment of bone cancer [5-10].  

The hydroxyapatite (HAp) bioceramics are used in 
reconstitute orthopaedic and dental surgery [11-14]. For 
many years, HAp have been extensively studied for bone 
substitute applications [15-17] and studies have shown that 
the mechanical strength of the ceramics is a function of 
density, grain size and morphology characteristics [18-21]. 
The composition of the inorganic component of bone is 
similar to poorly crystalline, calcium deficient, carbonated 
apatite [22]. 

In this study, magnetite (Fe3O4) was synthesized by 
coprecipitation method. The magnetite powders were 
introduced in hydroxyapatite (HAp) and sintering at 
different temperatures. In addition, the structural 
properties of magnetite and HAp with Fe3O4 were studied 
through X-ray diffraction, IR spectroscopy and 
transmission electron microscopy (MET).  

The structural properties are important due to their 
possible applications as biological sensors. 

 
 
2. Experimental 
 
Sample preparation  
 
Magnetic nanoparticles were prepared according to 

the following procedure: ferrous chloride tetrahydratate 
(FeCl2⋅4H2O) in 2M HCl and ferric chloride hexahydratate 

(FeCl3⋅6H2O) were mixed at room temperature 
(Fe2+/Fe3+=1/2). The mixture was dropped into 200 ml 
aqueous ammonia solution (0,6M) in 30 min with vigorous 
stirring. The pH values of the reaction mixture were kept 
in the range of 10-11 with the addition of ammonium 
hydroxide solution 3M. The resulting nanoparticles were 
separated by centrifugation at 10000 rot/min 30 min. The 
product was washed with deoxygenated water and dried in 
air. The resulting nanoparticles were confirmed to be 
Fe3O4 by X-ray diffraction.  

Two series of samples were prepared in the system 
hydroxyapatite (HAp), Fe3O4 (sample H1 and sample H2). 
Powders of HAp (65 weight %) and Fe3O4 nanoparticles 
(35 weight %) were milled 1h at 180 rot / min in a dried 
environment. The obtained powders were then thermally 
treated at 6000C, with 1 hour (H1) and, respectively, 3 
hours (H2) soaking time. 

 
Sample characterization 
 
The samples were characterized by X-ray diffraction 

(XRD) with a Philips PW1050 X- ray powder 
diffractometer using CuKα incident radiation. An 
estimation of crystallite sizes was done from the width of 
the diffraction using the Scherrer formula. 

Transmission electron microscopy (TEM) 
experiments were performed with a JEOL 2000FX 
operating at an accelerating voltage of 200 kV. Sample for 
TEM were performed on copper grids coated with a 
carbon support film by evaporating a drop of particles 
dispersions. 

Using a Scanning Electron Microscope with, type 
HITACHI S2600N with EDAX / 2001 device, operating at 
25kV in vacuum, the structure and morphology of the 
samples were studied. The SEM studies were performed 
on powder samples. 
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IR spectroscopic studies were performed in the range 
1800-400 cm-1 using a FTIR Spectrum BX spectrometer. 
Samples dehydrated at room temperature were pelleted 
with dried KBr. 

 
3. Results and discussion 
 
Fig. 1 shows the X-ray diffraction patterns of iron 

oxide synthesized. The pattern could be indexed to cubic 
spinel structure with lattice parameter of ao= 8.392 Å 
which is close to that of the reported value (ao= 8.395 Å) 
of magnetite phase [23]. The d values calculated from the 
XRD patterns conformed more close to that of standard 
Fe3O4 [ASTM Card No. 19-629]. 

 

 
Fig. 1. X-Ray diffraction pattern of Fe3O4 nanoparticles. 

 
 

XRD patterns of the hydroxyapatite (HAp) with 
different Fe3O4 additions are shown in Fig. 2. The XRD 
spectra, for samples heated in air a 600 oC for 1 h (H1) and 
3 h (H2) shows the phase peaks corresponding to Fe3O4  

and a mixture of HAp and β- TCP (β-tricalcium 
phosphate). This confirms that the stoichiometry of HAp 
very much determines its thermal stability and non-
stoichiometric HAp readily decompose to β- TCP upon 
heat- treatment to 1000 oC, as is known in calcium 
phosphates literature [24]. 

 

 
Fig. 2. X-Ray diffraction pattern of HAp (H), sample  

H1 and sample H2. 

Transmission Electron Microscopy observations were 
used to characterize the state of aggregation and size 
distributions. Fig. 3 shows a TEM image that was used to 
determine particle size distribution and morphology for 
Fe3O4 nanoparticles. The nanoparticles are nearly 
spherical and have an average diameter of 8 nm.  

 

 
 

Fig. 3. Transmision electron microscopy (MET) of the  
magnetite nanoparticles. 

 
Fig. 4 shows the SEM micrograph of samples H1 and 

H2. The SEM images obtained for the powders H1 and H2 
are showing smaller magnetite grains attached to the 
surface of the hydroxyapatite grains. 

 

 
 

(a) SEM image (x 5.000) for H1 
 

 
 

(b) SEM image (x 4.000) for H2 
 

Fig. 4. The SEM micrographs of samples H1 (a) and  
H2 (b) powder. 
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Fig. 5 show the FTIR spectra for magnetite and the 
infrared spectra of the sample H1 and H2 between 4000 
and 400 cm-1. Since magnetite has an inverse spinel type 
structure, it shows bands indicating the vibration MTh-O-
MOh (ν1≈ 550 cm-1) and MTh-MOh (ν3≈ 350-400 cm-1), 
where MTh and MOh correspond to the metal occupying 
tetrahedral and octahedral positions respectively [25-26]. 

The stretching vibration ν (Fe-O) correspond of tetrahedral 
iron atoms. The band at 3500 cm-1 and the bands at 1640 
cm-1 is due to the vibrations of hydrogen-bonded water 
molecules adsorbed on the surface [27]. 
 

 
 

Fig. 5. FTIR spectra of magnetite (<D>≈ 7.6 nm) and FTIR spectra of sample H1 (a) and sample H2 (b). 
 
 
The infrared spectra of the sample H1 and H2 (Fig. 5) 

show the vibration modes of Fe3O4 and of HAp. In this 
specra, the characteristic bands of HAp are observed [28-
30].The band at 470 cm-1 (ν2) can be attributed to FeOh-O. 
The bands at 550-600 cm-1 can be attributed to the MTh-O-
MOh (ν1) and to the PO4

3- ions (ν4). The shoulder at                 
960 cm-1 (ν1) and the band at 1040 cm-1 (ν3) can be 
attributed to the PO4

3- ions. Vibrations associated to the 
vibrations of hydrogen-bonded water molecules adsorbed 
on the surface are detected by the band 1640.The band at 
1419 cm-1 arise from vibrations of CO3

-2 ions. The 
presence of carbon modes in commercial sample is an 
indication that carbon is also an impurity in this sample 
from the preparation process, which is not detected in the 
X-ray. 

 
4. Conclusions 
 
In this paper we did a study on the structural 

properties of magnetite nanoparticles and bioceramic 
hydroxyiapatite doped with magnetite. 

The magnetite nanoparticles were synthesised by the 
coprecipitation method. Two biomaterials composed of 
hydroxyapatite and magnetite nanoparticles were prepared 
and sintered at 600 oC with 1h and, respectively 3h 
soaking time. 

The obtained XRD and FTIR patterns confirmed the 
presence of the desired biocompatible and ferromagnetic 
components in both samples.  
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