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ABSTRACT 
            The Copper ferrite nanoparticles were fabricated by the sol-gel auto-combustion method and were 

characterized after the immediate quenching technique employing the liquid nitrogen. The structural parameter 

was characterized by the X-ray diffraction technique. The lattice constant (a) and other structural parameters 

were subsequently influenced (~8.672-~8.649 Å) by the immediate quenching effect. Copper ferrite 

nanoparticles were reported to be crystalline, spherical with smooth surfaces, and with an average diameter of 

~35 ~ 27 nm. With the decreasing DC-electrical resistivity an activation energy ΔE was observed to be changed 

from 0.01 to 0.041 eV as a result of liquid nitrogen quenching.  

Keywords: Copper ferrite, Sol-gel, Quenching, Electrical property 

 

1. INTRODUCTION  

 Heat-treatment to metals is sub-categorized by three major energy task forces annealing, 

quenching, and tempering. Particularly in the class of transition metals, ferrite is the most prominent 

leader exhibiting the combined properties of an electrical insulator and magnetic conductor [1]. 

Ferrites are the ferromagnetic material featured with high resistivity belonging to the semiconductor 

family with a general formula MoFe2O3 (where, Mo represents divalent metallic ions i.e. Ni2+, Co2+, 

Zn2+, Cu2+, Mg2+, Mn2+, Fe2+, Cd2+) [2]. They are widely used as the core of inductors and 

transformers [3]. Electric generators [4]. CDs, microwave devices [5]. For the last few years Copper 

ferrite is widely studied by many researchers due to its applicability in nanomedicine, gas sensors [6], 

catalysts, electrochemical cells, high-density magneto-optic recording devices, ferrofluids [7, 8]. 

Copper ferrite is mostly inverse spinel structure (Cux Fe1−x)A [Cu1−x Fe1+x]BO4  i.e. the site 

preferences of divalent metal ion Cu2+ remain octahedral [B]-site with Fe3+ ions and Fe3+ ions occupy 

tetrahedrally (A)-site; [9]. However, the effect of liquid quenching from higher temperature to lower 

temperature has been made to understand the effect of quenching on the structural and electrical 

properties of Copper ferrite naoparticles synthesized by the sol-gel auto-combustion method.  

 

2. EXPERIMENTAL 
 AR grade copper nitrate [Cu (NO3)2.6H2O], ferric nitrate [Fe (NO3)3.9H2O], and citric acid 

[C6H8O7.H2O] were used as a starting material of sol-gel synthesis for the production of copper ferrite 

nanoparticles. The metal nitrates and citric acid was keeping a molar ratio of 1:3 and formed a clear 

homogeneous solution. The sol was stirred continuously for 4 h till it transforms into a xerogel. An 

entire auto-combustion process has happened in a few minutes. Finally, the as-burnt powder was 

annealed in the programmable furnace at 600º C for 4 h with a heating rate of 10º C/min to obtain the 

single-phase copper ferrite. Pellets of Copper ferrite nanoparticles were baked through heat treatment 

in a programmable furnace at 600º C. The quenching method can be written in order: Infurnace-

cooling > air cooling > oil quenching > polymer quenching > water quenching > brine quenching > 

inert gas quenching. The other set of (unquenched copper ferrite) UQCF was soaked in the air for 5 

min and then dropped into the freezing temperature of 77 K (bp −195.79 °C) for 20 min using liquid 

nitrogen and so-called first-stage quenching. The key feature of liquid nitrogen has thermal 

conductivity 25.83×10−3 W/(m·K) and diamagnetic magnetic ordering which operates the thermal 
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