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High-frequency and microwave functional properties of spinnel ferrites are 
mostly controlled by their microstructure parameters such as grain size, porosity, and cations 
distribution which in turn are highly sensitive to the processing conditions especially sintering 
temperature [11–13]. Excessive sintering could lead to the overgrowth of grain boundaries or porosity 
and consequently result in better carrier conduction hopping but bad dielectric and impedance 
properties. Even though ferrites are generally considered to be insulating ferrimagnetic ceramic 
materials [17, 18], their electrical response at microwave can be somewhat different depending on 
synthesis and thermal treatment of the material [19, 20]. For the high frequency electrical 
characterization, VNA (vector network analyzer) measurement provides valuable information with 
scattering parameters such as reflection, transmission resistance and impedance coefficients [21–23]. 
In this regime, electrical response of ferrite under X-band frequency (8–12 GHz) is investigated 
though S₂₁ and S₂₂ parameters. Although a number of works dedicated to Mn–Zn ferrites prepared by 
chemical routes is reported, most of them just pay attention to the study of magnetic and low 
frequency electrical properties. It is very rare to get complete studies systematically correlating the 
sintering temperature with microwave-frequency electrical properties: the related impedance, real and 
imaginary part of dielectric constant and reactance obtained from the scattering parameters. 
Furthermore, correlation of these electrical properties with structural transformation as followed 
through X-ray diffraction (XRD) and scanning electron microscopy (SEM) for the case of sol–gel 
auto-combusted Mn–Zn ferrites is not extensively addressed. This lack of collective knowledge 
prevents to optimize Mn–Zn ferrites for emerging microwave and communication devices 24, 25]. 
Therefore, in the present work we study the effect of sintering temperature on structural and electrical 
properties of MnZn spinel ferrite nanoparticles (MNPs) prepared by sol–gel auto-combustion 
technique. Sintered ferrite powders are synthesized at 900, 1000 and 1100 °C to study the influence of 
calcination temperature on phase formation, crystallinity and grain morphology using XRD and SEM. 
Furthermore, the key electrical characteristics including DC resistivity, impedance, dielectric constant 
(both real and imaginary parts), reactance are evaluated in 8 12 GHz range based on a vector network 
analyzer. This work will also be beneficial to the comprehension of the relationship between 
microstructure and high-frequency electrical properties, and optimising Mn–Zn ferrites in microwave 
devices and electromagnetic absorbing materials. 
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respectively using the equation (17-18) [13-17] 
M′ = ε′

ε′′2+ε′′2
                                                                                                                                       (17) 

M″ = ε′′
ε′2+ε′′2

                                                                                                                                      (18) 
The quality factor (Q) introduced as the reciprocal of loss factor as in Eq. 19 [8] 
Q =  1

tan (δ)
                                                                                                                                         (19) 

 
2.2.3 Antibacterial activity  
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