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Abstract 

A Series of nanosized Co0.3Mn0.7Fe2O4 system was prepared by using combustion method with different amounts of white egg 
as biofuel. The structural and morphological characteristics of the as prepared system were achieved by using XRD and TEM 
techniques. The optical and electrical properties of the as synthesized system were determined. The results showed that 
CoMnFe solids have nanocrystalline phase with a cubic spinel structure. TEM study revealed that the average particle size of 
the previous system ranged in nano scale. Additionally, the electric properties such as direct current electrical conductivity, 
alternating current electrical conductivity and dielectric constant were studied in the frequency range from 42 Hz to 1MHz 
with a temperature range from room temperature up to 125oC.Various results were set to determine the optimum content of 
biofuel to have system with maximum capacity to be used as a candidate for electrodes on super capacitor applications.  
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1. Introduction                                          

Transition metal oxides present an attractive 
alternative as a super-capacitor electrode material 
because of their high specific capacitance at low 
resistance. Moreover, it is easy to construct high 
energy, high power super-capacitors. Among these 
oxides that use as an electrode material for super 
capacitors applications are manganese, cobalt and 
iron oxides [1-31]. Indeed, the theoretical 
capacitance of manganese oxides reaches 1100 Fg-

1due to highly complex of these oxides with 
different valance states. However, the 
electrochemical reversibility of the redox transition 
of manganese dioxide (MnO2) is usually too low to 
be applicable due to poor capacitive response 
depending upon its high resistance. On the other 
side, most of the manganese oxides reported in the 

literature showed specific capacitances as high as 
600 Fg-1for thin films, 150-300 Fg-1for powder-
based electrodes in aqueous electrolytes and 400- 
621 Fg-1for amorphous electrolytic manganese 
dioxides and MnO2 –based mixed oxides [1-5]. 
However, because of their environmental 
friendliness, low cost, availability of polymorphs, 
and wide range of uses, iron oxides are seen to be 
promising materials. [6-20].Hematite (α-Fe2O3) and 
magnetite (Fe3O4) are the major sources of iron in 
industrial metal iron production processes. It was 
recorded that the effectiveness of both α-Fe2O3and 
Fe3O4 as electrode materials in super capacitor 
applications depend on their crystalline, phase purity 
and morphology [21]. But, α-Fe2O3 has received less 
attention than Fe3O4 primarily because to its 
substantially poorer conductivity [22].In addition, 
cobalt oxides (CoO, Co2O3and Co3O4) are another 
battery electrode material that has been studied for 
super capacitor applications. This family of 
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materials displays a charge transfer process similar 
to batteries and a current-voltage response similar to 
a double layer capacitor. The spinel Co3O4 oxide is 
the one that has been examined the most for use in 
electrochemical capacitors. [23-31]. Alternatively, it 
was found that the co-existence of various elements 
in the crystal structure of the investigated material 
brought about different cations containing various 
electrons with modification in the magnitude of 
electrical conductivity.  So, the complex chemical 
composition of metal oxides is the subject of several 
studies because the individual metal oxides were 
deemed unable to fully meet the overall performance 
needed for super capacitor electrode. It was found 
that The electrical conductivity of the spinel 
NiCo2O4 materials is two to three orders of 
magnitude greater than that of the individual metal 
oxides comprising NiO or Co3O4[32-34]. In 
addition, doping of Co3O4 by NiO enhances the 
electrical conductivity from 3.1 *10-5 to 0.1-0.3 
Scm-1 [35].The previous results showed that the 
inclusion of more than one metal oxide would allow 
for higher electrochemical activity depending upon 
the variety and valence of metal ions. Additionally, 
In comparison to single metal oxides, the synergistic 
impact between various species of mixed oxides 
would improve the overall performance of 
individual metals and promote their activities as ion 
adsorption, diffusion, and transport compounds. 
From this point of view, our tendency was to 
prepare mixed ferrites containing Mn and Co by 
using an easy, simple and environmentally friendly 
method. However, ferrite-based nanoparticles have 
major applications such as energy storage, gas 
sensor, electronic materials, and catalysts. In 
addition, ferrite powders are used in the coatings 
of tapes. Mn and/or Co ferrites are among of the 
most adaptable spinel-type ferrites due to their wide 
range of possible uses. Cobalt ferrite with a cubic 
spinel structure, CoFe2O4 (CoO•Fe2O3), is a well-
known and significant family of iron oxide materials 
which are thermally and chemically stable [36]. 
HoweverCoFe2O4, which falls between soft and hard 
magnetic materials, is a semi-hard substance. It is 
therefore employed in magneto-strictive devices like 
sensors and actuators.  

2. Because of its strong coercivity at ambient 
temperature, mild saturation magnetization, high dc 
electrical resistivity, and low dielectric losses, 
CoFe2O4 nanoparticles have a wide range of 
applications [37, 38]. For high frequency 
applications, Mn ferrite provides excellent 
mechanical and chemical stability as well as little 
power loss. They are known as soft ferrites and have 

a poor conductivity. Spinel ferrites have been 
produced using a variety of techniques, including 
solid-state reactions, high-energy ball milling, sol-
gel, hydrothermal synthesis, co precipitation, 
combustion synthesis, micro-emulsions, and 
microwave hydrothermal procedures [39–41]. 
Combustion-based production of different ferrites is 
a particularly straightforward, secure, and quick 
manufacturing approach that results in homogenous, 
high-purity, and nanocrystalline ceramic powders .In 
previous work, one of the authors prepared the 
ferrite-based material using an auto combustion 
method based on egg white as fuel, relying on a 
number of benefits of this approach, including the 
absence of intermediate decomposition, the 
maintenance of high stoichiometry of the product 
with the subsequent easily controlled particle size of 
the product, excellent mixing of starting materials, 
chemical homogeneity, molecular level mixing, and 
the tendency of partially hydration.This work aims 
to study the effects of egg white contents as biofuel 
on the fabrication, morphology and electrical 
properties of the as synthesized solids containing 
and Co0.3Mn0.7Fe2O4.The structural properties and 
the band gap energies for the as synthesized solids 
were determined by using XRD and UV-Vis spectra, 
respectively. Finally, the variation of dielectric 
constant with frequency at different temperatures 
was studied in detail. 

2. Expermintal 

2.1. Materials 

On a hot plate, the calculated amount of Mn Nitrate, 
Co Nitrate and Fe nitrates were mixed with a definite 
amount (5 ml) of egg white, then the final mixture 
was heated at 70 C̊ until gel appears. The temperature 
of the as prepared mixture was raised to 250 ̊C and 
kept it for 8-15 minutes to evaporate the water 
crystals. During this process sparks appeared, and 
foam appear in one corner, giving a brownish 
superfine massive product containing 
Co0.3Mn0.7Fe2O4 nanoparticles.  
 
This process repeated at different concentrations of 
biofuel (10 ml and15 ml). Indeed, the samples were 
mentioned in this text as S1,S2 and S3 respectively. 
The following scheme gives an illustration for the 
preparation of the previous samples.Aldrich 
Company provided the previous nitrates. These were 
quantitative reagents that were applied without 
further refining. Raw egg from surrounding chickens 
was used to extract the egg white. 
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2.2. Techniques  
2.2.1.X-ray powder diffraction patterns (XRD)  

A Philips diffract metre (model pw 1051) was used to 
perform X-ray powder diffraction patterns (XRD) at 
room temperature while utilizing Ni filtrated Cu K. 
Radiation (, 1.5404 A°). Scherer's equation was used 
to estimate the size of the crystallites in the 
crystalline phase that was present 
 
             L = (Kλ)/ (β Cosθ)             (1)                    

 
Where λ is wavelength of x-ray beam used, K is the 
geometrical Scherrer constant equal to 0.94 which is 
related to crystalline shape, β is peak width at half 

maximum height. the value of β in the 2ϴ axis of 

diffraction profile must be in radius. the ϴ is Bragg 

angle and can be in radius since the cosϴ corresponds 

to the same number.              
 

2.2.2. UV-Vis spectroscopy 
UV-Vis spectroscopy was used to characterize the 
optical absorption properties of the prepared 
compounds. Absorption spectra were recorded in the 
wavelength range of 190 to 800 nm using a JASCO 
V360 UV-visible spectrometer. All spectra were 
recorded at room temperature.  

2.2.3. Transmission Electron Microscopy (TEM) 
Transmission electron microscopy (HR TEM-JEM 
2100, JEOL, Japan) was used to examine the shape 
and particle size distribution of the produced 
compounds at 200 kV accelerating voltage. The 
samples were made by dissolving the powder in 
100% ethanol in an ultrasonic water bath. The 
suspension was then dropped into the carbon grid and 
allowed to dry.  

2.2.4. Electrical characterization  
 

Using the HICKI-LCR-Hi Tester (3532-50), 
dielectric and electrical conductivity tests have been 
made over the frequency range of 50 Hz to 5 MHZ 
and the temperature range of 0 °C to 125 °C. Using a 
hydraulic press, the ferrite samples for this study 
were compressed into cylindrical pellet forms with a 
diameter of 10 mm and a thickness of roughly 12 
mm. The disc containing the test samples is 
positioned between the LCR meter's two electrodes. 
A single voltage level of 0.02 v was maintained. 

3. Results and discussion 

3.1. XRD investigation 

The effect of biofuel concentration on the crystal 
structure of the prepared nano- composites was 
studied by XRD- diffraction pattern represented in 
Fig. 1. This figure ensures that the synthesized 
samples composed of CoMn ferrites 
(Co0.3Mn0.7Fe2O4).The XRD patterns revealed that 
Co0.3Mn0.7Fe2O4 powders crystallize with a cubic 
structure and the space group Fm3m, which well 
matched with the reported values in JCPDS files (No. 
22-1086 and No. 74.2403).  
Fig. 1 shows XRD patterns ofS1, S2 and S3 Samples. 
it can see from the figure that the formation of Co Mn 
ferrites increases as fuel content increase. The 
maximum formation of the ferities was observed in 
S2 samples. However, XRD pattern confirms that the 
as prepared samples consist entirely of 
Co0.3Mn0.7Fe2O4 as single face with a good 
crystalline. The crystallite size of S1, S2 and S3 were 
calculated by using Scherer equation are 20, 15 and 
10 nm respectively.       
 

 
Fig (1): XRD-pattern for S1, S2 and S3 samples 
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3.2. Morphology 

Transmission electron micrograph (TEM)images of 
Co0.3Mn0.7Fe2O4solid prepared by using 10 ml egg 
white assisted combustion technique (S2 sample) 
shows in Fig. 2a. The calculated inter planar spacing 
values confirm that the samples consisted of 
nanoparticles metal oxides with cubic structures 
which is compatible with XRD data. The average 
particle size of the investigated sample ranged from 
10 to 15 nm. Indeed, the morphology of metal oxide 
is very important as It has to do with a certain surface 
area, diffusion paths, surface to volume ratios, and 
consequently the performance of the super capacitor. 
Numerous research projects concentrated on different 
metal oxides with diverse morphologies, including 
porous thin films, nanowires,nanorods,nanotubes, 
nanoflowers, hollow spheres, and nanopillar arrays. 
Additionally, the morphologies of metal oxide-based 
super capacitors have a significant impact on their 
electrochemical properties with high specific surface 
area and porous nanostructures. 
TEM technique enabled us to study the selected 
areaelectron diffraction (SAED, the inset of Figure 
2b) for the S1, S2 and S3 samples.Fig. 2b shows a set 
of concentric rings for the S2 sample, indicating the 
formation of polycrystalline structure. 
 

 
 

 
 

Fig. (2): the TEM analysis of S2 sample, (a) TEM images and (b) 
SAED 

3.3. Optical properties 

  The optical absorbance of the prepared solids was 
derived from the transmission and reflection 
measurements in the ultraviolet-visible (UV-Vis) 
wavelength regime. Considering the indirect optical 
transition in the material.  

The optical band gap energy (E, eV)of various 
ferrites containing Co0.3Mn0.7Fe2O4 can calculate by 
using the following Tauc’s equation[42]. 
 
            E = h (c/λ)                         (2) 

 
Where, C is the speed of light 3.0 × 108 m. s-1, h is the 
Planks constant 6.6 x10-34J. s, and 1 eV = 1.6 × 10- 19 
J. The cut-off wavelength (λ) is calculated by the 

extrapolation of the linear portion of the relation 
between the absorbance and wavelength. 
The UV-electronic spectra of the S1, S2 and S3 
samples are graphically represented in Fig. 3 which 
reveals that the maximum wavelengths of the spectral 
bands affected by the concentration of the biofuel 
used. All the samples have a strong broad maximum 
ranged from 220 to 600 nm. It is clear to notice that 
the broad absorption band around 475 nm which is 
assigned to the transition6A1g (s)→4T1g (G) of Mn 2+ 
ions [43]. The recorded band gap values could be 
referred to the increase of electronic (charge) density 
because of incorporation of transition metal ions of 
Co and Mn which possess different oxidation states. 
The increase of charge density could overlap with 
electron clouds of central Fe particles thus; up-shift in 
energy level of the valence band electrons of Fe atom 
could be attained. The values of band gap energy 
were found to be 1.4, 1.5 and 1.4eV for S1, S2 and S3 
respectively. 
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Fig. (3): UV-Vis spectra of S1, S2 and S3 samples 
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3.4. Electrical conductivity studies 

Electrical conductivity of a semiconductor is a 
temperature dependent process resulting from orderly 
motion of weakly bounded charged particles under 
the action of an applied electric field. Indeed, the 
most important property of the semiconductor 
nanoparticles depends on charge carriers such as 
cations/anions or electron holes that lead to 
conduction process as a function of frequency and 
temperature. 

3.4.1. AC-conductivity studies 

Fig.4 displays the dependence of ac-electrical 
conductivity of various Co0.3Mn0.7Fe2O4 samples on 
frequency at different temperatures; in frequency 
range 40 HZ to 5MHZ at a temperature varying from 
room temperature to 125 o C. 

In fact, the ac-electrical conductivity (σac) was 
calculated from the measured resistance at the same 
temperature and frequency range. The conductivity 
was calculated using the relation   

σac = La/Rp      (3)                                               

where, Rp is the sample resistance, a is the cross-
sectional area of the sample, and L the sample 
thickness. 

From Fig. 4, two points are considered: (i) a plateau 
at low frequency region which is related to dc-
conductivity (σdc) (ii) the high frequency corresponds 
to a bulk relaxation phenomenon that resulted from 
migration of trapped ions related to ac-conductivity 
[44]. These values for all samples increase with an 
increase of both frequency and temperature, showing 
that the most probable mechanism for conduction of 
Co0.3Mn0.7Fe2O4 nanoparticles is a hopping 
conduction mechanism [45]. It is also observed that 
as the concentration of biofuel increases from 5 ml to 
10 ml, the value of σac increased by one order after 
the increase of concentration of biofuel results in a 
decrease in the value of ac-conductivity. 

Moreover, the ac-conductivity was very sensitive to 
frequency above 200 HZ and the dependency 
increased further at high temperature Fig. 4. The 
frequency width of the plateau region (dc)as well as 
the magnitude of ac conductivity increased with 
increasing temperature. The frequency dependent 
region showed a regular tendency and shifted to 

higher frequency; similar activity was reported 
previously on different semiconductor types [46]. 
This behavior can be attributed to the presence of 
numerous dielectric relaxation processes and 
thermally activated charge carrying species in 
Co0.3Mn0.7Fe2O4 nanoparticles. It is also observed that 
ac-conductivity has the highest value when 5 ml of 
biofuel was used. 
The dependency of the AC-conductivity at high 
frequencies obeys the Janscher’s power law as 
follow:  

          σac =Aωs                                (4 ) 
where: A is a constant that depends on the strength of 
polarizability, ω is the angular frequency and s is the 

fractional exponent which represent the degree of 
interaction between the mobile ions and the 
surrounded environment [47]. 
 
The “ S “ values are obtained from the slope of linear 

fitting plots of log (σ) vs. log f depending upon the 

illustrated data in Fig. 4. The behavior of frequency 
exponent “ S “ with temperature is graphically 

represented in Fig. 5. It is observed that the frequency 
exponent decreases with increasing temperature for 
S1 and S2 where for S3 is almost unchanged till 
100OC after which it began to increase with 
temperature. The s values are found to vary from 
0.488, 0.578 and 0.252, to 0.25, 0.158 and 0.294 for 
S1, S2 and S3, respectively, within the experimental 
temperature range. This behavior agrees well with the 
correlated barrier hopping (CBH) model. According 
to this model, the electrical conduction occurs 
through the hopping of mobile charge carriers over 
the coulomb potential barrier between two defect 
centers. Also, the value of S describes the interaction 
existing between the mobile ions with their 
surroundings molecules during conduction. On 
increasing the biofuel concentration there is a 
decrease in “ S “ values resulting from the decrease in 

interaction between C atom (resulted from 
combustion of biofuel) and their neighboring sites 
and thereby give rise to an increase in ionic mobility, 
which in turn increases the ionic conductivity. This 
behavior was more pronounced in case of the S3 
sample due to an increase of the content of C carbon 
atoms resulted from the auto combustion of high 
concentration of  biofuel used. “ S “ values remain 

constant at 100°C, it begins to increase with 
temperature. In general, there are several models have 
been proposed in the literature that describe the ac-
conduction mechanism of different types of 
semiconductors depends on either a mixture of the 
two processes, quantum mechanical tunnelling or the 
classical hoping of charges across a potential well. 
Additionally, it is anticipated that the accountable 
charge carriers could either be atoms or electrons (or 
polarons). The SE models explain the behavior of  “ S 
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“ on temperature and frequency. We can summarize it 

in the following: 
(i) The quantum-mechanical tunneling model 

(QMT) where the exponent (S) is independent of 
temperatures. [48]. 

(ii) the correlated barrier hopping model (CBH) in 
which s decreases with the increase in temperature 
[49]. 

(iii) the overlapping large polar on tunneling 
(OLPT) model, the                              exponent s 
reduces with a rise in temperature to a certain 
limit after which s upturns with further increase 
in temperature [50]. 

(iv) for the non-overlapping small polar on 
tunneling (NSPT), s found to be strongly 
temperature dependent and increases with 
increasing temperature [51&52]. 

In our study, we found that “ S “ decreases with the 

increase in temperature for both S1 and S2. Hence, 
according to the above mentioned models, the 
conduction process for these samples can be 
explained by the CBH model whereas for S3 the most 
appropriate model to describe the conduction  
mechanism is the NSPT model. 

 
Fig. (4): the variation of Ac-conductivity with frequency at different 

temperatures for S1, S2 and S3 

 
Fig. (5): the variation of “ S “ with temperature for different 

samples 

 
3.4.2. DC-Conductivity studies 

 
The dc-Conductivity studies for the temperature 
dependent (frequency independent) show metal ions 
hopping between the defect states and is correlated 
with the band conduction by non-localized carriers 
with energies greater than the mobility gap. The 
temperature dependence of dc-electrical conductivity 
(σdc) was measured in the temperature range from 25 
°C to 125 °C for S1, S2 and S3 samples as shown in 
Fig. 6. It is clear that σ is temperature dependent and 

increases as the temperature increased for S1 and 
S2samples, while S3 sample has a value between 
both S1 and S2 samples.  
 

For CoMn Ferrites, the electrical conductivity is 
attributed to the hopping of electrons between the 

ions of the same element present in different 
oxidation states. In our samples, the electrons can hop 
between Mn3+→      Mn4+, Co+1   →Co+2 and Fe+2  →Fe+3 

depending upon the distribution of these cations 
between the octahedral and tetrahedral sites involved 
in the spinel CoMn Ferrite. The charges can migrate 

under the influence of the applied field and contribute 
to the electrical response of the investigated   

ferrites. 
The electrical activation energy was calculated from 
Arrhenius equation (equation 5), and the values are 
listed in Table 1. 
 
σ = σo exp (-ΔEa/KT)       (5)                           
 
Where: σ0 is the Pre-exponential factor, K is the 
Boltzmann constant, T is the absolute temperature 
and ΔEa is the electrical activation energy under the 
dc fields. 
 We can conclude from Table 1 that the conduction 
mechanism for dc-electrical conductivity (σdc) is 
electronic in nature for S1 and S2 samples, then the 
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conduction mechanism converted to ionic conduction 
as shown in the S3 sample depending upon an 
increase of C atom due to the high concentration of 
biofuel.  
 

 
  

 
Fig. (6): Variation of dc-electrical conductivity of S1,S2 and S3 

samples with 1000/T  
 

3.4.3. frequency dependence of dielectric 

constant(ε') 

 
Under dielectric studies, we measure the electrical 
properties of material as a function of frequency at 
different temperatures. In our experiments the real 
and imaginary parts of the complex dielectric 
permittivity, ε* is given by the following equation: 

ε* = ε − jε′              (6) 
The real part of the dielectric function (dielectric 
constant, ε′) of S1, S2 and S3 samples was calculated 

from the measured capacitance at all temperatures 
and frequencies in according to the following 
equation: 
 
          ɛ'= (Cd)/ (εoA)                        (7) 
 
Where: C is the capacitance in Farad, d is the 
thickness in meter, A is the area in m2, and εo is 
permittivity of free Space (8.853 × 10−12Fm−1). 
Fig (7) shows the variation of dielectric constant, ε' , 

with frequency ranging from 50 Hz to 5 MHz and 
temperature range from room temperature to 125 °C 
for S1, S2 and S3 samples. It is obvious that the 
dielectric constant ε' decreases by increasing of 

frequency. This decrease is rapid at lower frequencies 
and become slow at higher frequencies. At certain 
frequency depending on the concentration of the used 
biofuel it becomes independent on frequency. Similar 
results were reported earlier by various authors [53-
55].  
In fact, there is strong relationship between the 
dielectric constant ε' and conduction mechanisms. 

Where the dielectric constant ε' of the investigated 

ferrites depends upon the hopping of electrons 
between their cations yielding local movements of 
these electrons. These local displacement of electrons 
resulted in dielectric polarization which in turn gives 
high values of the dielectric constant. Moreover, the 
presence of magnetic ions of Co, Mn and Fe with 
their high magnetic moment brought about an 
increase of these ions at boundaries with subsequent 
increase in the value of dielectric constant.  
 
Thus, the investigated ferrites have two types of 
polarization mechanisms at low frequency ranges. 
The first one is the space charge polarization, while, 
the second one is the interfacial polarization which 
arises from different types of defects and a 
dislocation in the crystal lattice [56]. As shown in 
Table 1, the as prepared samples have high dielectric 
constant and these values dependent on the 
concentration of biofuel.These high values of ε' can 

be attributed to the formation of magnetic cobalt 
manganese –iron oxide particles which segregate at 
the grain boundaries. Hence, the interfacial 
polarization increases especially at the low frequency 
region. In addition, the increased values of ε' with 

increasing biofuel concentration can be attributed to 
the increase in the carbon atom content that results 
from the combustion of the egg white.  
  

Fig. (7): the variation of dielectric constant with frequency at 
different temperatures for S1, S2 and S3 samples, respectively. 
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Table 1: the values of the electrical conductivity, activation 
energy and the dielectric constant at high and low temperature 
ranges of S1, S2 and S3 samples 
 

 
4.  Conclusion 

Three samples (S1, S2 and S3) of Co0.3Mn0.7Fe2O4 
nanoparticles were prepared by the egg white assisted 
combustion method. XRD studies reveal that the 
prepared samples have a cubic spinel structure.  An 
increase of egg white content resulted in an increase 
in the crystallinity and abundance of Co0.3Mn0.7Fe2O4 
nanoparticles. The values of band gap energy were 
calculated from UV–Vis spectra and was found to be 
1.4,1.5 and 1.4 eVfor S1, S2 and S3 samples, 
respectively. TEM image for S2 ensures that their 
particles are cubic in shape and have particle size 
ranging from 10 to 15nm. 
 
From the study of ac-electrical conductivity for each 
sample we determine that the conduction mechanism 
for S1 and S2 is the overlapping large polaron 
tunneling (OLPT) where for S3, it is nonoverlapping 
small polaron tunneling (NSPT). 
The electrical activation energy for conduction 
estimated from Arrhenius plot was found to be 0.352 
,0.244 and 0.476 eV for S1, S3 and S3 samples, 
respectively, which fits well with the electronic 
conduction mechanism. 
The high values of ε' in the used frequency and 

temperature ranges were attributed to the formation 
of magnetic CoMnFe ions at the crystal boundary 
leading to an increase of the interfacial polarization, 
especially, at a low frequency. Also, the value of the 
dielectric constant increased as the concentration of 
biofuel increased due to an increase of C atoms 
content.  
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