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Polycrystalline Barium hexaferrite (BaFei2019) having variable grain sizes were prepared by
auto-combustion and solid state technique. SEM micrograph shows the variation of grain size
(from nano range to bulk) of the system prepared at different temperatures. For this work
electric transport (in the frequency range 100Hz to 1Mz) and magnetic study (M-H loop)
carried out at room temperature. From the electric study it was found that, resistivity of the
system varies inversely with grain size, however saturation magnetization (Ms) varies directly
with grain size. In our report we were attempted to resolve the relation between grain size

with electric and magnetic properties of the studied system.
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1. Introduction:

Barium hexaferrite (BaFel2019 ) is widely used as a permanent magnet material as it
possesses large saturation magnetization (M s ), high coercive force (Hc ) and high magnetic
anisotropy (Ha ) along with excellent chemical stability and corrosion resistivity [1-4] . Apart
from large scale applications in permanent magnets such as: motors, actuators, sensors,
isolators, circulators, phase shif ters, and miniature antennas etc., its ultrafi ne particle is
distinctly used for high density recording media to increase the storage capacity and reduce
medium noise [5 ,6] . BaM system retains hexagonal structure consists of a close-packed
stacking of oxygen layers, with the iron (Fe) atoms distributed within three kinds of
octahedral sites (12k, 2a and 4f2), one tetrahedral site (4f1), and one bi-pyramidal site (2b)
which are coupled by super exchange interactions through the O~ ions [12]. The magnetic
and electrical properties of the BaM system depend on the distribution of the cations in

octahedral, tetrahedral and bi-pyramidal sites [12-21].

2. Experimental Techniques:



Barium hexaferrite nano range particles were prepared by the auto combustion method.
Analytical grades Iron Nitrate Fe (NO3).9H20 and Barium Nitrate Ba (Nos)2 were taken as
oxidants where Glycine (C2HsNO2) used as fuel for combustion. The stoichiometric amounts
of these nitrates dissolved in distilled water and stirred at 150°C for for proper homogenous
mixture. After 2-3h stirring all the water evaporates and combustion taken place. Finally
brown like powder was collected. The powder was calcined at 900°C for 12h and then
formation of BaM pure phase was confirmed by the Rigaku Ultima-IV X-ray diffractometer
(Cu target). For electric study the calcinated powder pressed into cylindrical pellets and
sintered at 950°C for 5h then pure phase formation of BaM confirmed by X-ray
diffractometer. For increasing of grain size we sinter the same pellet at 1000°C for 5h and
1100°C for 3h. The surface morphology of the BaM nanoparticle was estimated by the Nova
Nano SEM-450 Field emission scanning electron microscopy (FESEM). Room temperature
impedance with respect to frequency was measured by using HIOKI impedance analyzer
(model IM3570) from 100 Hz to 1 MHz. The room temperature M-H loop study for all the
systems done by SQUID VSM (Quantum Design).

3. Result and Discussion

3.1 Structural and Microstructural Study:
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Fig. 2

From the Fig. 1 it was confirmed that all the X-ray diffraction peaks are matched with pure
phase of BaM system without appearing of any extra peak. We can also observe that (insight
of Fig. 1) peak shifts towards left with rise of temperature which is the indication of
increasing of grain growth. From SEM micrograph it was well observed that the grains
densely packed inside the system. It was also confirmed that grain size increases from nano
range to micro rage as the sintering temperature increases. Here Fig. 2a, 2b and 2c sintered at

950°C, 1000°C and 1100°C respectively.

3.2 Impedance and Modulus Study:

From the Fig. it was observed that as grain size increases the resistive part (Z') of systems
decreases. Here we can expect that, increasing of grain size can reduces the grain boundary
density for a system which has higher restive nature than grain hence resistance of the system
reduced. From the reactive nature (Z2”) of the systems we can predict that all the systems have
relaxation behaviour at room temperature. But quantitatively, the behaviour of Z’ and Z”
with frequency are not exactly same. For examine the intrinsic and extrinsic contribution of
the relaxation behaviour we taken the help of cole-cole of impedance and modulus

spectroscopic study.
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Fig. shows the cole-cole impedance and modulus at room temperature (RT). The cole-cole of
impedance graph single relaxation behaviour due to which only single semicircle appears in
the graph. Pattanayk et.al worked on bulk BaM system and found co-contribution of grain
and grain boundary relaxation effect at RT which was confirmed from cole-cole of modulus
study. Here if we observer the cole-cole of modulus spectrum of bulk BaM system (which is
fired at 1100°C) then we then we can find similar type of behaviour (i.e. a semicircle
connected with a larger tail). So the tail like feature (circular mark in the figure) in the graph
is the intrinsic contribution (grain) where the semicircle is due to extrinsic (grain boundary)
relaxation behaviour. But it is interesting that, when the grain size reduces (i.e. sample
prepared at low temperature) the tail like feature (grain effect) gradually disappears. So here we

predict that as grain size reduces the short range hopping conduction dominates over long range

conduction inside the grain may due to increasing of hopping distance.

3.3 Magnetic Study:



Fig. 12 shows the hysteresis (M— H) loops of all systems at room temperature. It can be
observe that the saturation magnetization (Ms), remnant magnetization (Mr) and coercive
field (Hc) increases with rise of temperature (values are given in Table 4 ). The saturation
magnetization of samples is derived from the law of saturation using the following equation

) [i]:

M=MS(1—§—5)+XPH .......................... Q)
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Where M is the saturation magnetization, A is inhomogeneity parameter, yp is the high field
susceptibility and B is the anisotropy parameter. For hexagonal crystal structure, B can be

expressed as equation (3):
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Where H, is anisotropy field and K; is magneto-crystalline anisotropy constant (intrinsic
magnetic parameter). The magneto-crystalline anisotropy constant can be calculate from
quantitative analyses of the M-H curve by using the law of approach to saturation (LAS). The

LAS can be written as (equation 4) [ii]:
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M, is the saturation magnetization, po is the magnetic permeability in free space, and c is
linear constant term. The phenomenological linear term cH is very small at high magnetic
field. The M-H loop was fitted (insights of Fig. 9) by using the equation (4) and magneto-
crystalline anisotropy constants (K;) were estimated (Table 3). Then anisotropy field (H,)

values were for both the system calculated by using equation 3.

It was observed that (Table 3) for composite system H, was reduced as compared with BaM
system. From the above discussion it can be predict that, presences of BaM-NBT interfaces in

the system pinning of magnetization at the grain boundaries as the result anisotropy field



reduced. When the anisotropy field reduced it lowers the activation energy barrier by which

domain walls will free to move hence coercivity of the composite system reduced [41].
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Parameters — M; M; H. (Oe) Anisotropy H, (kOe)
Compositions| (emu/g) (emu/g) Constant (K;) (erg/cm’)
950-5hr 57 29 2425 1.19E6 41.75
1000-5hr 67 33 2598 1.38E6 41.19
1100-3hr 73 34 3811 1.21E6 33.61

From Table- it can be observer that the saturation magnetization increases with grain size which may
be due to larger domain size (decreasing of domain density) with less random orientation having less
anisotropic field (H,). But here we observe a contradictory result that with decreasing of Ha
increasing of He. It was well known that if Ha reduces the domain wall strength will be reduces which

can help to easy ration of domain along the field direction.

4. Conclusion:

Polycrystalline Barium hexaferrite (BaFe12019) having variable grain sizes were prepared by
using auto-combustion and solid state technique. SEM micrograph shows the variation of
grain size (from nano range to bulk) of the system prepared at different temperatures. From
the complex impedance spectroscopy it was found that grain relaxation evolves when the
grain size of system increase. From magnetic study (M-H loop) it was found that as grain size

increase the saturation magnetization increases.
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