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Introduction
Barium hexaferrite BaFe12O19 is highly anisotropic 

ferrite. At room temperature, the constant of his 
magnetocrystalline anisotropy K1= 3.3·106 erg·cm3, the 
anisotropy  eld Hak =17·103 Oe [1]. 

Magnetic parameters of small particles and their 
ensembles markedly differ from the magnetic parameters 
of macroanalogue that due to the existence of structurally 
defective surface layer that is comparable with the volume 
of the particle volume and has a “canted” magnetic 
structure [2]. Subsurface region makes a certain volumetric 
contribution to the effective magnetic anisotropy of the 
particles in the form of so-called “surface” anisotropy [3].

In [4] have been investigated in the temperature 
range (4.2 - 700 K) the anisotropic parameters of the 
barium ferrite nanocrystals with an average particle size of 
<d> = 60 nm and a thickness of <h>= 15 nm. The volume 
fraction of the -surface layer of the particles having a 
thickness of  ~3.5 nm [5], was 45 %.

Effective magnetic anisotropy constant was determined 

using the law of approach to saturation magnetization [6]. 
At 300 K, it was to 2.5·106 erg· m-3, that is its value is 
different from the value for macroanalogue by 25 % due to 
the negative contribution of the “surface” anisotropy. In the 
same paper, using the method developed in [7], was found 
the distribution of particles by  elds of effective magnetic 
anisotropy, according to which the average effective 
magnetic anisotropy  eld of the particles at 300 K is also 
different from Hak of macroanalogue, towards reduction by 
20%.

It was of interest to investigate the effect of partial 
substitution of Ba2+ ions by Ca2+ ions with preservation of 
the magnetic matrix, on the anisotropic properties of the 
nanodispersive particles of barium ferrite. Substitutions of 
this type were made for the hexaferrite macrosamples [8]. 
It was found that the magnetocrystalline anisotropy energy 
of Ca-substituted ferrite is described not only by a constant 
K1, but also by constants of higher orders. In this case, the 
order of magnitude of K2 is comparable with the K1. 
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Method of preparation and certi  cation of powder 
sample of composition Ca0.5Ba0.5Fe12O19

One of the primary conditions for obtaining particles 
of nanometer range is the creation of a high chemical 
homogeneity of the original ferrite mixture. This was 
accomplished by using the method that uses elements of 
the cryochemical technology.

Schematic block diagram of a method of producing 
ferrite particles is shown in Fig.1. 

At the freezing step was conducted spraying of the 
solution which was a mixture of solutions of compatible 
salts of Ca(CH3COO)2, Ba(NO3)2, Fe(CHOO)3 in a 
speci  ed stoichiometric ratio, into an inert refrigerant. As 
refrigerant was used liquid nitrogen (~ 10 liters of nitrogen 
per 1 liter of solution). In the system was created a  xed 
pressure (0.12 - 0.2 atm), under the in  uence of which the 
working  uid is fed into the vortex chamber of injector. As a 
result, the jet of solution is divided into individual droplets 
of diameter 3-70 m. Particles entering the liquid nitrogen 
are rapidly crystallized. As the inert gas injected to the 
installation under pressure, argon was used. Removal of the 
solvent from cryogranules was conducted by sublimation-
drying – the process of transition of the solvent from the 
crystalline to the gaseous state, avoiding the liquid phase. 
This allowed minimizing the agglomeration of the formed 
particles of product on the freezing step by eliminating 
occurrence of the liquid phase in material.

A technological operation that preceding to the process 
of ferritization consists in the thermal decomposition of 
the salt components of the mixture. Value of thermolysis 
temperature of components mixture shouldn’t be less than 

the decomposition temperature of each component. Of 
the above acetates the most high-temperature transition is 
Ca(CH3COO)2 CaO. In stages thermal decomposition of 
calcium acetate to oxide occurs in the form:

) 0

0

3 2 2 2 4160 200

3 825

( )
C C

C

Ca CH COO Ca C O

CaCO CaO  
 

Considering the fact that for the macroscopic 
analogue of Ca0,5Ba0,5Fe12O19 full ferritization provides 
the temperature 1270 °C [9], that is much greater than 
for BaFe12O19 hexaferrite (1150 °C), in the case of highly 
dispersive particles ferritization was held at 900 °C instead 
of 800 °C for the base composition. This extremely low 
annealing temperature provided full ferritization, and 
helped to keep the size of the particles within the nanometer 
range.

X-ray phase analysis of the obtained powder showed 
it’s a single-phase. Non-magnetic impurity content of 

-Fe2O3 phase is insigni  cant, and do not exceed 6%.
To determine the size of the particles used electron 

microscopy. Electron microscopic studies were performed 
on a transmission electron microscope Selmi TEM-125 K. 
Fig. 2 shows a fragment of an electron-microscope image 
of the powder particles.

It can be seen that the particle size corresponds to the 
nanometer range. The average particle size <d> = 35 nm.

Basic magnetic measurements
Results of the data processing

Magnetic measurements at T = 300 K were performed 
on a pendulum (the main magnetization curve) and 
induction (hysteresis loop) magnetometers. Fig. 3 shows 
the main magnetization curve and a part of the marginal 
hysteresis loop. The magnetization curve is observed 

Fig.1. A block diagram of a method of obtaining 
nanodispersed ferrite powders using elements of 
cryochemical technology. 

Fig.2. Electron microscopic picture of the powder 
particles of hexaferrite Ca0.5Ba0.5Fe12O19. 
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typical for systems of small particles non-saturation of 
the magnetization in  elds up to the anisotropy  eld of 
macroanalogue [10, 11]. Value of high-  eld magnetic 
susceptibility  = 6·10-4 emu·g-1·Oe-1 is within values 
characteristic for  ne ferrite systems (1-10 emu·g1·Oe-1) 
[12, 13].

The results of these measurements were the basis 
of determining the parameters of the effective magnetic 
anisotropy of the studied system of nanocrystals. For this 
purpose,  ve approaches was used: 1) a method based on 
the law of approach of magnetization to saturation (LAS) 
[6]; 2) the method of singular point on the magnetization 
curve (SPD) [14]; 3) “magnetization- area” method (MA) 
[15]; 4) a method based on the relationship between the 
magnetic anisotropy  eld and coercive force Hc of the 
material [16] and 5) a method based on the  eld dependence 
of the remanence magnetization Ir [7, 17]. 

The  rst two of these cases to determine the constant/
 eld of magnetic anisotropy is directly use the main 

magnetization curve. 
According to LAS, the magnetization can be written 

as 

2( ) 1 a bI H
H HSI ,                (1)

where: Is- saturation magnetization,  a- parameter of 

heterogeneity [18], 
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Field of the effective magnetic anisotropy of the 
ensemble of randomly oriented magnetically uniaxial 
particles can be determined by the following: 
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[16].      (4)

The method of singular point allows determining the 
anisotropy  eld of polycrystalline and powder samples by 
differentiating the magnetization curve. The position of 
the extremum on the curve of the second derivative of the 
magnetization on the  eld (Fig.5) corresponds to ef

aH .
In [15] it is shown that for a system of randomly 

oriented magnetically uniaxial domains the area bounded 
by the demagnetization curve and by a straight line, that 
extrapolate the high-  eld part of the main curve to the  eld 
H=0 (Fig. 3, shaded area), that is, 
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Magnetization value obtained by extrapolation (I0) is 
the spontaneous magnetization. This creates the possibility 
to  nd a constant, and hence the effective magnetic 
anisotropy  eld of the studied system of single-domain 
magnetically uniaxial nanoparticles. 

Anisotropy  eld of polycrystalline materials in the 
case of uniaxial anisotropy connected to the coercive force 

Fig.3. The dependence of the speci  c magnetization 
of the nanodispersed sample from the intensity of the 
magnetic  eld at 300 K. 

Fig.4. The magnetization curve constructed for 
calculationanisotropy constant with the law of approach 
to saturation using.
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by correlation 
0.48C aH H  [16].                       (6)

Applying this formula to the powder sample with 
randomly oriented magnetically uniaxial particles allows 
 nding ef

aH by experimentally measured HC.
The method developed in [7, 17], allows to obtain 

the distribution of the powder particles by anisotropy 
 elds f(Ha) by differentiation of  eld dependence of the 

remanence magnetization r:

(H)( ) r
a

dmf H
dH

.                          (7)

Here ( ) ( )r r rm H .
In Fig.6 is shown the mr(H) dependence and 

dependence of its derivative by  eld from the values of 
the  eld in percentage. Position of the peak on the curve 

( ) ( )rdm H dH f H , because of its symmetrical 
shape, corresponds to the mean value of the anisotropy  eld 
of the particles system and, thereby, the effective magnetic 
anisotropy  eld.

Calculation results of the magnetic anisotropy 
parameters obtained by these methods are listed in the 
table.

As seen from the table, the constant ef
aK  for test 

sample of nanodispersive powder has the same order 
of magnitude as the magnetocrystalline anisotropy 
constant K1 a of unsubstituted macroanalogue of barium 
ferrite [1] and a lower value, not only in comparison 
with macroanalogue, but also in comparison with a 
sample of the same degree of dispersion, for which 

62.5 10ef
aK erg cm-3 [4]. The received average value 

of ef
aK  is equal to (1.0 ± 0.2) 106erg cm-3. Closest to 

the average the value obtained by using the method of 
the “magnetization area” and value obtained from the 
experimentally measured value of the coercive force. Value 

(9.4 2.0)ef
aH kOe also less then for unsubstituted 

powder (16.3 kOe), due to the magnitude of the effective 
anisotropy constant.

The observed effects (at constant concentration of 
magnetic Fe3+ ions), apparently related to the structural 
distortions caused by difference of radius of Ca2+(1.06Å) 
ions from Ba2+ ions (1.43Å) [19].

Authors are grateful to the staff of the laboratory of 
nanoscale powder materials, Belgorod State University 
(Russia) and to the staff of the laboratory of electron 

Fig.6. The dependence of the reduced remanence 
magnetization from the values of the  eld and the 
distribution of the powder particles by the  elds of 
effective magnetic anisotropy.

Fig.5. The  eld dependence of the speci  c magnetization 
and of its derivatives by  eld.

Table 1
The parameters of the effective magnetic anisotropy of the nanosized ferrite of powder Ca0.5Ba0.5Fe12O19 obtained 
by different methods dmr/dH

Method dmr/dH 610efK , erg*cm-3 ef
aH , kOe

1 LAS 1.5 13.8
2 SPD 0.8 7.0
3 MA 0.9 8.5
4 HC 1.1 10.5
5 0.8 7.0
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microscopy of V.N. Karazin Kharkiv National University 
for their participation in the synthesis and certi  cation of 
samples.
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