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. INTRODUCTION 
 
Nanoparticle materials are one of the most widely studied objects with far-reaching implications in 
contemporary advances because they possess a variety of surface conditions. Owing to the ultra-small 
size of the particles, its magnetic properties may be enhanced [1-5]. Cobalt ferrite nanoparticles are 
one such material of importance for magnetic applications [6-10]. It is a known magnetic ceramic 
(CoFe2O4) that is used for the applications to microwaves and electric devices [11-13]. Cobalt ferrite 
can also serve as an electrocatalyst for oxygen evolution reaction (OER) [13,14] and the material 
applied to prepare electrodes to be used in electrochemical capacitors (or named supercapacitors) for 
energy storage [15, 16]. These applications utilize redox reactions on the surface of ferrite [16]. When 
controlled-size and shape cobalt ferrite and enhanced surface area (and hence a larger number of 
active sites) has been prepared, the properties of CoFe2O4 are extremely magnetic at room 
temperature [17, 20]. There are many techniques to synthesize cobalt ferrite such as microemulsion, 
sol-gel, chemical co-precipitation and hydrothermal methods, all of which are used in this study [21-
26]. A conventional method for preparing cobalt ferrite nanoparticles is the sol-gel process [27]. In the 
present work Cobalt ferrite particles are fabricated by sol-gel method with varying pH and solution 
temperature during preparation to get nanoparticles having strong magnetic properties. 
 
2. EXPERIMENTAL METHOD 
 
The proportions of raw materials cobalt nitrate [Co(NO3)2.6H2O], ferric nitrate [Fe(NO3)3.9H2O], and 
citric acid [C6H8O7] are calculated based on their atomic/molecular weights. Considering the value of 
(X), three points, such as (0.9, 0.6, 0.3), are considered and doped to cobalt nitrate and ferric nitrate on 
a one-to-one stochiometric ratio with citric acid using different ratios of molar amounts. The mixture is 
agitated with 100 ml of distilled water in a glass beaker at sound and stirred over time by means of 
model LMS-1003 hot magnetic stirrers. While stirring, the pH of the solution is adjusted to (7) by 
drop-wise addition of ammonia solution. Heat the above solution on a hot plate at 60 °C for 30 min to 
form a homogeneous mixed solution, and after about three hours of continuous stirring, its temperature 
is raised to 80°C, during which time the sol-gel transformation is observed initially. For the loose 
gelatigenous structure of the gel, the latter is dried at 120 °C and further torch-burned until all gels are 
completely destroyed. The thin material is crushed into ferrite powder for a period of three minutes 
with an electric mill. Better crystallization and more homogeneous distribution of cations in the spinel 
crystals are obtained by calcining the burned ash at (500 °C) for 4 hours. The powders are mixed with 
glycerol having a 88% purity by weight in the proportion of 6%. The material is crushed at (100 MPa) 
by piston oil in order to make parallelogram-shaped samples with dimensions of (2.4 1.2-1.2 cm3). 
 
3. SAMPLE CHARACTERIZATIONS 
3.1  X-ray diffraction measurement 
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