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MICROWAVE ABSORPTIVE BEHAVIOR OF NANOCRYSTALLINE 
Ba3Co1.3Zn0.3Cu0.4Fe24O41 POWDER 
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Abstract−− In the present work, Cu2+ and Zn2+ 
ions were incorporated into the structure of 
Ba3Co2Fe24O41, in order to obtain the 
Ba3Co1.3Zn0.3Cu0.4Fe24O41 structure, by the sol-gel 
precursor method in N2 inert atmosphere.  The 
magnetization curves of Ba3Co1.3Zn0.3Cu0.4Fe24O41 
hexaferrite nanopowders were analyzed as a 
function of temperature, to evaluate the super-
paramagnetic (SPM) behavior and its effect on the 
microwave absorption measurements.  The permit-
tivity (ε) and permeability (μ) values were obtained 
by using the transmission/reflection (T/R) method in 
a waveguide to evaluate the microwave absorption 
properties at S and X-Ku bands, for radar absorber 
material (RAM) application.  The partial substitu-
tion of Co for Zn and Cu ions and the superpara-
magnetic contribution improved the ceramics´ 
magnetic permeability, resulting in a microwave 
absorption greater than 90.0 % (reflectivity ≤ -10 
dB) at 10.0-12.5 GHz and 13.0-16.0 GHz, with 2.5 
and 2.0 mm thick, respectively. 

Keywords−− Z-type hexaferrite, RAM, magnetic 
properties, sol-gel synthesis. 

I. INTRODUCTION 
Nanoscopic magnetic systems display a large variety of 
interesting physical properties, forming a unique group 
for the study of diverse problems in solid state physics, 
such as superparamagnetism (Nakamura and Hankui, 
2003). 

In single-domain particles, the coercivity decreases 
with the reduction in particle size due to the effects of 
thermal energy randomization (Nakamura and Hankui, 
2003).  As the particle size decreases within the multi-
domain (MD) range, the coercivity decreases down to a 
minimum in a critical particle size where it is no longer 
possible to accommodate a domain wall, and the 
particle can only exist as a single-domain (SD). 

The change in the magnetization of MD particles 
requires the translation of the domain walls, a process 
that is energetically favorable and is observed in a 
relatively low magnetic field.  The SD particles can only 

be magnetized by rotation of the magnetization, an 
energetically unfavorable process (Knobel, 2000).. 

As it is well known, the decrease of particle size 
within the range of nanometric dimensions is followed 
by decrease in the remanence and the coercivity, which 
is zero in a critical size, below which the particle is 
called superparamagnetic (SPM). 

The shape of the hysteresis curve for SPM particles 
is extremely thin and its behavior is very similar to that 
of paramagnetic materials, but the grains present high 
magnetic momentum. 

Interestingly, when the particle size is in nanoscale, 
the superparamagnetic contribution may lead to a great 
improve in the microwave absorbing properties.  If the 
absorber particle size is small enough and the discrete 
energy level spacing is in the microwave energy range, 
the electron can absorb the energy and it leaps from one 
level to another, what may lead to an increment on 
attenuation (Ruan et al., 2002). 

Superparamagnetic (SPM) grains of MD particles 
are hard to discern, based on the hysteresis properties 
measured at room temperature, but significant changes 
in the hysteresis parameters, resulting from a variation 
in the temperature from 300 K to 4.2 K, can be useful to 
determine the superparamagnetic (SPM) contribution 
(Knobel, 2000). 

In this work, the effect of temperature variation on 
the magnetization curves was evaluated to 
Ba3Co1.3Zn0.3Cu0.4Fe24O41 hexaferrite nanometric 
powder, to evaluate the superparamagnetic (SPM) 
contribution to the microwave absorption properties. 

II. MATERIALS AND METHODS 
Nanosized (Zn-Co-Cu)2Z powders were synthesized by 
the citrate precursor method, using the reagent grade 
Fe(NO3)3.9H2O, Ba(NO3)2, monohydrate citric acid, 
Co(NO3)2.6H2O, Cu(NO3)2.3H2O and Zn(NO3)2.6H2O, 
in stoichiometric molar ratios to achieve the 
Ba3Co1.3Zn0.3Cu0.4Fe24O41 hexaferrite.  The preparation 
of the solutions was carried out by weighting solids and 
placing them into adequate vessels.  Bidistilled water 
was added to each one, under agitation, until total 
dissolution of solids. 


