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Abstract. The evolution of the magnetic anisotropy of pure and Co/Ti-doped Ba ferrite particles from room to low 
temperatures is studied analyzing the variation of the anisotropy constants with T. These constants increase with the decrease 
of temperature in different ways in the two types of particles. In pure particles the magnetocrystalline anisotropy constant K1 
is larger than the conflicting shape anisotropy constant K, at low as at room temperature, which means uniaxial anisotropy, 
in all the analysed range of temperatures. In the doped particles, where the substitutions weaken the crystalline anisotropy, 
at low temperature K, > K1, then the particle is not any more uniaxial, but the easy axes have multiple directions. 

1. INTRODUCTION 

In Ba femte particles, as it is known, both magnetocrystalline and shape anisotropies, with different easy magnetization 
directions, are present. The crystalline anisotropy is uniaxial, with easy direction in the c axis perpendicular to the 
hexagonal plane of the platelet-like particle. The dependence of the anisotropy energy density on the angle 0 between the 
magnetization and the c axis is: 

Ek = ~ , s i n ~ 9  + ~ , s i n ~ e  .. . (1) 

The shape anisotropy has an easy magnetization plane in the platelet plane, at right angles to the magnetocrystalline 
anisotropy axis. The two anisotropies are conflicting: the easy axis of crystalline anisotropy is a difficult axis for shape 
anisotropy and viceversa. The energy density of the shape anisotropy in the direction defined by the angle 0 with respect to 
the c axis is: 

E, = ~,sin~(sc/2 - 8) = ~ ~ c o s ~ 0  (2) 

where K, = 112 N M ~  with N the difference between the demagnetizing factors in hard (c axis) and easy (platelet plane) 
directions. The total anisotropy energy density is: 

E = Ek + E, = (K1- Ks)sin28 + Kzsin4e + const. (3) 

Both anisotropies are temperature-dependent, the shape anisotropy through its relation with the saturation magnetiization. 
We have analysed the evolution of magnetic anisotropy of Ba femte particles when cooled from room to low temperatures, 
studying both pure and CoITi-doped particles for magnetic recording media. 

2. RESULTS AND DISCUSSION 

The magnetocrystalline anisotropy increases when the temperature decreases. In pure Ba femte, the first order anisotropy 
constant K1 passes from 3.3.106 erg/cm3 at room temperature to 4.3.106 erg/cm3 at T=  90 K [l]. The variation of the shape 
anisotropy constant with the temperature arises from the variation of the magnetization with T. We have measured the 
dependence of M on temperature in particles of pure Ba ferrite with aspect ratio d/h - 3:l and static coercivity Hc = 2800 
Oe at room temperature. MS results to change from 375 emu/cm3 (room temperature) to 520 emu/cm3 (T = 90 K) [2]. 
Then, being N = 8.16 for the above mentioned aspect ratio, Ks is 5.7.10~ erg/cm3 at room temperature and 1.1.10~ 
erg/cm3 at 90 k. Both at room and at low temperature the constant of crystalline anisotropy K1 is larger than the constant of 
shape anisotropy Ks in the particles of pure Ba femte. This means that in all the analysed range of temperatures the 
magnetic anisotropy is substantially uniaxial, with easy axis perpendicular to the hexagonal plane. 
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Fig. 1 .  Temperature dependence of magnetocrystalline Pig. 2. Temperature dependence of saturation magnetization M, 
anisotropy constants K1 and K2 of CoITi-doped and shape anisotropy constant K, of ColTi-doped Ba 
Ba femte particles [3]. ferrite particles. 

In Ba ferrite particles modified with the addition of CoITi ions for the use in recording media BaFelo.3Coo.ssTio.850~g, 
the magnetocrystalline anisotropy is remarkably lowered by the ionic additions. The variation of the constants K, and K2 
with the temperature, as reported by 0. Kubo and E. Ogawa, is shown in Figure 1 [3]. We see that K1 changes from - 4.10~ 
erglcm3 at room temperature to - 5.10' erg/cm3 at 90 K, whilst K;? passes from 1.10~ (room temperature) to 3.5-105 erg/cm3 
at 90 K. In particles with such doping content, the measured magnetization increases when T decreases as reported in Figure 
2, and particularly it passes from 250 emu/cm3 at room temperature to 375 emu/cm3 at 90 K. Considering the aspect ratio 
d/h - 4:l of the particles we have evaluated and the consequent demagnetizing factor N = 8.8, the shape anisotropy constant 
Ks varies with the temperature as shown in Figure 2. Particularly, Ks is 2.75.10~ erg/cm3 at room temperature and 6.2.105 
erg/cm3 at 90 K. 

This evolution of the anisotropy constants gives rise to a change of the magnetic anisotropy status of CoITi-doped 
panicles with the temperature. 

At room temperature K1- K, is positive and the magnetic anisotropy is practically uniaxial, with c easy axis. At low 
temperature the situation is different. At 90 K, for instance, Ks is larger than K,, then K1- K, is negative, and its value is 
-l.2105 erg/cm3. In such conditions. the magnetic anisotropy is not uniaxial. From eq. (3) the magnetization results to have 
a stable equilibrium at: 

8, = sin-'[- (K1- K ~ ) / ~ K ~ ] - ~ I ~  (4) 

With the obtained values for the anisotropy constants at 90 K, it results that 0, = 24.5". Then the easy magnetization axes 
are distributed on a cone surface with t l~e c axis as the axis of the cone and top angle amplitude 8,. K, becomes larger than 
K, at a temperature near 200 K, as it appears comparing Figures 1 and 2. Above such critical temperature the anisotropy is 
uniaxial, below it gives rise to a preferred cone for the magnetization. This deviation from the perpendicular anisotropy is 
due to the single ion contribution to the magnetocrystalline anisotropy given from the added Co ions. The angle 8, depends 
on the value of the constants of anisotropy, then of the content of CO and Ti ions. A further increase of the doping ion 
content would increase 0, and the critical temperature. 

Then the magnetic anisotropy feature of CoITi-doped Ba ferrite particles for magnetic recording is remarkably different at 
low with respect to room temperature, with appearance of multiple anisotropy axes. This will have noticeable effects on the 
magnetic behaviour of the material, for example on the thermal stability of the magnetic properties, which should show an 
anomalous weakening with the decrease of temperature [4]. 
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