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Abstract. The barium hexaferrites (BaFe12O19) are used as a compound of materials 
applied in electronic devices, as medical devices, satellites, dada servers systems, 
wireless systems and others. The general properties are strongly related to the 
microstructure and morphology, and the particles size decrease results in 
advantages to the majority applications, mainly the high-tech thumbnail devices. 
These magnetic ceramic materials, with perovskite structure, are traditionally 
prepared my conventional oxide mixture synthesis. In this work was studied the 
nanoparticle synthesis of BaFe12O19 by the precursors polymeric method (Pechini), 
using as precursors the barium carbonate and the iron nitrate, under different 
thermal treatment conditions. The samples were characterized by XRD, SEM, BET, 
DTA and TGA. The results presented the attainment of a monophasic powder with 
particles size around 100 nm. 

Introduction 

The materials science and technology have contributed enormously to the materials 
the fundamental properties knowledge and use of this technology in devices. The 
magnetic materials play very important role in various technological applications. The 
barium hexaferrite has been widely used as permanent magnets, due to its excellent 
magnetic properties such as high Curie temperature, magnetic anisotropy and high 
coercivity [1, 2]. Its structure is based on a compact packing of oxygen and barium 
ions with ferric ions in the five possible interstitial positions [3,4], as showed in Fig. 1. 
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Figure 1.Schematically representation of the unit cell of barium hexaferrite. 

 
Barium hexaferrite (BaFe12O19) are used in electronic devices, as medical 
equipaments, satellites, data storing systems, wireless communication systems [5, 
6]. The general properties of this system are strongly related to the microstructure 
and morphology, the particle size decrease results in advantages in most of 
applications, mainly the ones connected to the decrease of devices sizes. These 
magnetic ceramic materials, with perovskite structure 3, are normally prepared by 
oxide mixture. The perovskitas [7,8] represent an important part of the solid state 
physic, chemical and materials current researches. In this study nanoparticles of 
BaFe12O19 were synthesized by Pechini, also known as polymeric precursor’s 
method. This process is good to attain homogeneous materials in atomic scale, 
making possible to produce doped materials, dielectric materials with controlled 
stoichiometry, which is very difficult to achieve by conventional synthesis.  
The method is based on the metallic cations complication by a hydroxicarboxilic acid 
and a polymerization of the formed complex by a polihydroxi alcohol, as a ethylene 
glycol, forming a polymeric resin during the heating at moderate temperature that 
occur the sterification and polisterification reactions [ 9,10]. Afterwards the resin 
containing the cations linked to the polymeric structure is submitted to a thermal 
treatment to remove the carbon and produce the cations oxides. The polymeric resin 
heating above 300°C causes the polymer crack formin g an expanded resin. The 
expanded resin is a semi carbonized material, black, similar to a sponge and very 
fragile. The metallic complexes immobilization in a rigid organic polymeric net can 
reduce the metal segregation ensuring the chemical homogeneity. Among the 
advantages of this method are the easy implementation, low contamination, low 
synthesis temperature, nanometric powders and no problems with diffusion. 
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Experiment 
 
The  materials  used  for  synthesis  of  BaFe12O19,  as  well as their  origin  are  
shown  in Table  1.  The reagents used were of analytical grade and distilled water in 
the preparation of powders of barium hexaferrite. The precursors used were the iron 
nitrate, barium carbonate, anhydrous citric acid and ethylene glycol. The process of 
synthesis of polymeric precursors was performed according to the ratio citric acid / 
metal ions at a ratio of 2:1 and 6:1 Mols and ethylene glycol was added in a ratio of 
40/60 (% by mass) compared to citric acid, keeping the value constant in all 
compositions. At the end of the reaction, a gel-transparent yellow was formed. The 
gel was then calcinated at a temperature of 350 ° C  for 1 hour, so that the desired 
oxide was attained. The method of synthesis is represented in Fig. 2.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.Fluxograma for the preparation of barium hexaferrite. 
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Table 1.Masses of the reagents used in the synthesis from the metal citrate 

Reagents from Chemical Manufacturer Purity 
(%) 

barium carbonate 
  

(BaCO3) Vetec 99.95 

ethylene glycol  
 

(C2H6O2) Vetec 99.5 

citric acid  
 

iron nitrate  

(C6H8O7.H2O) 
 

(Fe(NO3)3 
9H2O) 

Vetec  
 

Vetec 

99.9  
 

98.0 

 
 

Samples of powder BaFe12O19 were characterized using the technique of X-ray 
diffraction, in Shimadzu/XRD-6000 equipment, radiation CuKα, 40 kV and 40 mA. 
The preparation of samples in powder form to the characterization by X-ray 
diffraction does not require any special procedure. However, it is necessary that the 
powder is compacted on the sample support in order to get a flat surface for 
incidence of X-ray beam alignment occurs and to prevent the particles of dust. 
Thermogravimetry and Differential thermal analysis (DTA) of the powder mixture 
were carried out by using a Seiko TG/DTA 320U in the temperature range 20–
1050°C in static air with platinum crucibles. 
 
Results and discussion  
 
The thermal properties of the samples were measured using DTA/TG. Crystalline 
phase and chemical composition of the calcined specimens were characterized by 
an X-ray. The results of analysis by X-ray diffraction of the chemical compounds 
used in the synthesis are shown in Figure 3. The results of these tests show that the 
powders of barium hexaferrite have only a separate phase and we find an increase 
in crystallinity with increasing temperature. The differences of the heights of the 
peaks may be related to the higher crystallinity of the formed phases.  
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Figure 3. XRD analyses of the powder in different temperatures for 2, 4, 8 end 16 hours 

dwell time. The represents respectively the BaFe12O19  phase. 

 
Figure 4 shows the Thermal analysis TG / DTG of barium hexaferrite in the calcined 
temperature of  350 ° C/1h where you can examine ho w the loss of mass, shows the 
traditional, chemically reliable, coprecipitation route TG/DTA plot. It can be seen that 
the nitrates are fully burned off by 350°C whereupo n the BaM compound is fully 
formed. 
 

 
Figure 4.Análise thermogravimetric, calcined at 350 ° C/1h.  

 
Conclusion 
 
Method of synthesis that uses low temperatures (the polymeric precursor method) 
was successfully applied for the synthesis of barium hexaferrite. Ultrafine particles 
were produced, uniform, single-phase, and narrowly distributed, due to its properties. 
The characterization of the compounds obtained in the heat treatment showed that 
the process of metallic citrate formation through the use of a chelating agent (citric 
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acid) and its subsequent polymerization, allow the distribution with metallic atoms 
homogeneity. 
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