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 Cr substituted Cd-Cu nanoferrite materials (Cd0.5Cu0.5CrxFe2-xO4 

with x = 0.0, 0.05, 0.1, 0.2, 0.4, and 0.8) were successfully fabricated by 

the co-precipitation technique. XRD, TGA, and DC electrical 

measurements were utilized to identify the synthesized nano samples. 

According to an XRD analysis, the obtained samples are cubic structures 

with space group Fd3m. The estimated crystallite size by the Scherrer 

formula is in the range of 14.8-22.6 nm. However, the SEM 

measurements revealed that the nanoparticles' estimated particle sizes 

ranged from 37.5 to 52.5 nm. As indicated by TGA graphs, the average 

decomposition energies of the four stages of the weight loss of 

decomposition are 1.39, 6.53, 39.14, and 40.21 (KJ/mol). The room 

temperature conductivity decreased gradually from 7.34 × 10
-7

 Ω
-1

 cm
-1

 

for the Cr00 sample to 2.24 × 10
-8

 Ω
-1

 cm
-1

 for the Cr80 sample, while 

the values of activation energy were found in the range from 0.349-

0.407 eV. The temperature-dependent of dc-electrical conductivity for 

all the samples exhibits semiconductor-like behavior. As a result, Cd-Cu 

doped materials may be suitable for limiting eddy current losses. 
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Introduction 

Magnetic nanoparticles are crucial 

in various technology fields, such as 

power transformers, magnetic resonance 

imaging, magneto-optical displays, 

sensors, media recording, biomedicine, 

etc. (Jadoun et al., 2018). Nanoferrites 

are materials that have drawn much 

attention because they have unique 

physical, chemical, biological, magnetic, 

and electrical properties, among other 

magnetic materials. The intrinsic 

properties of ferrites are significantly 

influenced by chemical structure, sample 

preparation parameters, sintering 

temperature, cation distribution, and 

elemental doping (Amer et al., 2017). 

The majority of articles that have been 

published have discussed how physical 

and chemical properties vary based on 

synthesis methods, doping processes, 

and ionic radii of cations (Amer et al., 

2017). An important factor impacting the 

chemistry and physical properties of the 

nano ferrites is the distribution of cations 

among the tetrahedral sites (A-sites) and 

octahedral sites (B-sites). 

The spinel structure has 56 ions; 8 

of the 32 accessible cations occupy the 

A-sites, and 16 of the 64 accessible 

cations occupy the B-sites, where 32 of 

these atoms are oxygen anions. The 

typical spinel compound's structural 

formula is as follows: MFe2O4 may be 

distributed as (M1-xFex)A[MxFe2-x]BO4 

where A and B are quantities that 

indicate the normal occupation of A- and 

B-sites, respectively, and x is the 

inversion ratio. A mixed spinel has x 

equal to 1, an inverse spinel has x equal 

to 0, and a normal spinel has x equal to 0 

(Hashim et al., 2014).  

There are several different types of 

ferrites with normal spinel structures, 

such as MFe2O4 (MA[Fe2]BO4), here M is 

Zn, Cd metal ions, the tetrahedral 

position is occupied by metal ions, 

whereas the octahedral position is 

occupied by iron ions (Hashim et al., 

2014), (Gupta et al., 2018). Ferrites 

with inverse spinel-type structures 

Fe[MFe]O4, where M is Ni, Co, Fe, Mn, 

and Cu (Naik et al., 2013). It is usually 

known that Fe
3+

 ions may occupy both 

the tetrahedral and octahedral sites, 

while Cr
3+

 ions primarily occupy the 

octahedral sites of cubic spinel’s (Amer 

et al., 2017), (Mansour, Abdo and 

Alwan, 2018). The copper ferrite 

CuFe2O4 is known to be inverse spinel 

(Fe)A[CuFe]BO4, based on the 

synthesis and cooling techniques 

(Hashim et al., 2013). The 

Cd0.5Cu0.5Fe2O4 is mixed spinel ferrites 

(Ghasemi et al., 2020). As a result, it is 

important to investigate the influence of 

Cr
3+

 insertion on the structural and 
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thermal/electrical properties of Cd - Cu 

nano ferrites. 

Polaron hopping models are a key 

factor in determining how ferrites 

conduct electricity. The density, porosity, 

particle size, chemical composition, and 

crystal structure of ferrites all 

significantly impact their electrical 

resistivity. Due to a reduction in grain 

boundary resistance, the temperature 

rises to cause a drop in resistivity. The 

polarization phenomenon and the 

behavior of localized electric charge 

carriers are reflected in the electrical 

properties (Supriya, Kumar and Kar, 

2017). Cr-doped magnetite's thermal and 

magnetic characteristics have been 

studied (Amer et al., 2017). They 

revealed that lattice constant and grain 

size decreased with increasing Cr
3+

 ion 

concentration, and the TG curves 

indicated three phases of 

the decomposition process with net 

weight losses ranging from 19% to 33%. 

The structural and electrical aspects of 

Zn
2+

 doped MgFeCrO4 nanoparticles 

(Khalaf et al., 2016) have been studied. 

The outcome of this study was that the 

progressive rise of the Zn
2+

 

concentration results in a gradual 

transition from the mixed to normal 

spinel structure. 

The controlled manufacturing of 

ferrite nanoparticles allows for tuning 

their magnetic characteristics. The co-

precipitation technique (Amer et al., 

2017), microemulsion technique, sol-gel 

auto-combustion technique (Mansour, 

Abdo and Alwan, 2018), and 

hydrothermal process (Wang et al., 

2015) are all employed to synthesize 

spinel ferrites nanoparticles. According 

to time and energy utilization, the co-

precipitation strategy is quite efficient. A 

sizeable portion of the final result is 

generated affordable compared to other 

procedures with great uniformity (El-

Shater, El Shimy and Assar, 2020). 

This work aims to synthesize Cr-doped 

Cd0.5 Cu0.5 ferrite nano samples and 

investigate the impact of changing the 

Cr
3+

 ion level on their properties. The 

authors believe that investigating the 

properties of these nano sample may be 

beneficial for various interesting 

applications. 

Experimental works 

 Materials and method 

Nano-crystalline chromium doped 

cadmium copper ferrites with the 

stoichiometric formula Cd0.5Cu0.5CrxFe2-

xO4 (x = 0.0, 0.05, 0.1, 0.2, 0.4, and 0.8) 

were prepared by the co-precipitation 

process. Analytical grade Cadmium 

nitrate [Cd(No3)2.4H2O] Copper nitrate 

[Cu(NO3)2.4H2O], chromium nitrate 

[Cr(NO3)3.9H2O] and iron nitrate 

[Fe(No3)3.9H2O] as starting materials 

were mixed initially at a molar ratio of 

1:2 M. The molarities of divalent metals 



 

26 Awad et al., (2023) 

were 0.2 M, and the molarities of 

trivalent metals were 0.4 M. Using a 

magnetic stirrer, the metal nitrates were 

dissolved in 125 mL of distilled water 

for all samples, and 3M of sodium 

hydroxide (NaOH) was dissolved in the 

mixture. For two hours, the solution was 

warmed up to 90°C until precipitation 

occurred. The precipitations were 

washed numerous times in deionized 

water to eliminate unwanted salt 

residuals before being dried in an oven at 

100°C overnight, then crushed to a fine 

powder in an agate mortar (Vadivel et 

al., 2014). Table (1) represents the 

names of synthesized samples. 

Table (1): The symbols of synthesized samples 

Sample Symbol 

Cd0.5Cu0.5Cr0.00Fe2O4 Cr00 

Cd0.5Cu0.5Cr0.05Fe2O4 Cr05 

Cd0.5Cu0.5Cr0.10Fe2O4 Cr10 

Cd0.5Cu0.5Cr0.20Fe2O4 Cr20 

Cd0.5Cu0.5Cr0.40Fe2O4 Cr40 

Cd0.5Cu0.5Cr0.80Fe2O4 Cr80 

Materials identifications 

The prepared samples were 

characterized for their crystalline 

structure using X-Ray Diffraction using 

the model PANalytical (X'pert Pro, 

Netherlands), equipped with a high-

intensity Cu k radiation source ( = 0.154 

nm, 40 mA, 40 kV) in the 2θ range 10°-

80°. 

The morphology of the 

investigated nano samples was 

determined, and surface morphology was 

accomplished by using field emission 

scanning electron microscopy (FESEM) 

images that were collected utilizing 

Hitachi S-4800 scanning electron 

microscope. In order to understand the 

decomposition behavior of the samples' 

precursors, TG analysis was carried out. 

Thermogravimetric analysis (TGA) of 

the spinel ferrites was performed by 

utilizing Perkin Elmer (Japan) from 

ambient temperature (RT) to 800 ºC at a 

heating rate of 10°/min when there is an 

airflow atmosphere. A Keithley 

multimeter was used to test the samples' 

dc electrical conductivity as a function 

of temperature. 

The samples' dc electrical 

conductivity was measured as a function 

of temperature by a Keithley multimeter 

using the two-probe method. By using 

the Arrhenius relationship in the 

connection between dc conductivity and 

temperature (Assar and Abosheiasha, 

2015): σdc = σo exp(-Ea/KT) where σo is a 

pre-exponential constant, Ea is the 

activation energy for dc conduction, K is 

Boltzmann's constant = 8.617 × 10
5
 

eVK
-1

 and T is the absolute temperature. 
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Result and discussion 

X-ray diffraction analysis 

The prepared samples' structural 

properties were determined using the x-

ray diffraction technique. The x-ray 

diffraction patterns of the as-prepared 

samples are shown in Fig. 1. The most 

intense peaks in the complete nano 

ferrites were indexed as (220), (311), 

(222), (400), (422), (511) and (440) were 

found to be closely matched with the 

single phase cubic spinel structure. 

[compared with JCPDS card No. 00-

022-1086] and confirmed the Fd3m 

space group with FCC structure (Uday 

Bhasker et al., 2016). 

The peak (311) is almost the spinel 

ferrites' main distinctive peak (Yadav et 

al., 2019). As stated by Bragg's relation, 

the inter-planar distance (d) is related to 

the cubic structure's lattice constant (a) 

as follows:  

a = d(h
2
+h

2
+l

2
)

1/2
                           (1) 

Where h, k, and l are the miller indices 

of the planes associated with the 

characteristic peak.  

The structural properties of the 

nano-samples are mentioned in Table 2. 

It is obvious that when the concentration 

of Cr
3+

 increases, the lattice parameter of 

the samples decreases. The lattice 

parameter has been estimated using the 

diffraction patterns, which decrease with 

increasing Cr
3+

 ions substitution in the 

prepared samples. The drop in lattice 

parameter is ascribed to the substitution 

of smaller Cr
3+

 (0.6 Å) ions for larger 

Fe
3+

 (0.64 Å) ions (Mansour, Abdo and 

Alwan, 2018). 

The experimental density Dexp is 

accurately determined using geometrical 

methods Eq. 2, which is accomplished 

by determining each pellet's mass, 

diameter, and thickness. The X-ray 

density Dx is calculated from the lattice 

parameter values using the formula in Eq. 

3. 

                                      (2) 

                                            (3) 

In the case of spinel ferrites, Z is 

the number of molecules per unit cell 

(Z=8), M is the sample's molecular 

weight (g/mole), NA is the Avogadro's 

number (6.023×10
23

 atoms/mole), and m, 

r, and t are the mass, radius, and 

thickness of each pellet, respectively. 

When Cr is substituted, the X-ray 

density Dx rises. Since the lattice 

constant and x-ray density exhibit an 

inverse connection, the increase in x-ray 

density was brought on by the decrease 

in the lattice constant (Ashiq et al., 

2012). 

Each pellet's porosity (P) is 

calculated using the following formula in 

Eq. 4 
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                                      (4) 

The porosity P of the compositions 

is inversely related to the density. 
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Fig. (1): XRD patterns of Cd0.5Cu0.5CrxFe2-xO4 

nanoferrite samples 

Table (2): The calculated XRD parameters of 

Cd0.5Cu0.5CrxFe2-xO4 nano ferrites samples: 

lattice parameter (a), x-ray density (Dx), 

experimental density (Dexp), porosity (P). 

Sample 
a  Dx Dexp P 

Ǻ g/cm
3
 g/cm

3
 (%) 

Cr00 8.517 5.670 2.56 0.548 

Cr05 8.507 5.689 2.36 0.585 

Cr10 8.503 5.699 2.51 0.560 

Cr20 8.500 5.702 2.32 0.592 

Cr40 8.492 5.689 2.25 0.604 

Cr80 8.490 5.622 2.23 0.603 

 

Thermo-Gravimetric Analysis (TGA) 

Thermo-Gravimetric Analysis 

(TGA) is an appropriate and effective 

technique for determining the degree of 

dopants and water content in ferrites. It 

is also helpful for determining the 

thermal deterioration profile and thermal 

stability. The mass loss profile may be 

used to calculate the amount of degraded 

matter at each curve step (Gul H et al., 

2018). The TGA behavior of Cd - Cu 

nano ferrites doped with different Cr 

concentrations are displayed in Fig. 2. 

The TGA curves for the samples exhibit 

three distinct stages of weight loss 

throughout three temperature ranges, 

from room temperature to 799°C at a 

heating rate of 10 C/min. 

The first stage of weight loss is 

seen in the temperature range of RT to 

100°C, and it involves a significant 

weight loss due to absorbed water 

evaporation and the dryness of the OH 

group in the composite structure. 

According to the breakdown of nitrate 

combustion, the second weight loss stage 

is seen in the 337 to 369°C range (El-

Shater, 2018). The third stage of weight 

reduction is noticed to begin above 

567°C, demonstrating that thermal 

degradation has been finished. Finally, 

thermally stable ferrite powder is 

obtained (Kaur et al., 2019). All the 

nano ferrites showed complete 

decomposition at temperatures above 

515 - 627°C. 

From Table 3, the initial weight 

reduction stage is 2.55, 2.9, 2.7, 3.63, 

3.09, and 6.14% for samples, 

respectively. The second weight 

reduction stage is from 5.17% - 12.27%, 
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with increasing Cr content. The TGA 

curve first reveals weight reduction, and 

its analysis shows thermal degradation of 

the Chromium ferrite nanomaterials 

under consideration. TGA is used to 

calculate the decomposition energy Ed. 

Understanding these variables is 

important for analyzing thermal stability 

and, consequently, the behavior of 

materials at high temperatures. Horowitz 

and Metzger's approach may be used to 

extract the pyrolysis parameter and 

compute the Ed of degradation. 

According to this method (Gul H et al., 

2018). 

ln[ln{(W0 - Wf)/(Wt  - Wf)}] = Ed θ / 

RTs
2
                                                     (5) 

where W0 represents the sample's weight 

at the beginning of the experiment, Wf is 

the experiment's final weight, and Wt is 

the sample's weight when the 

temperature rises. R is the universal gas 

constant, while Ed is the decomposition 

energy, and Ts is the reference 

temperature which can be determined 

from the following equations: 

 

(Wt - Wf)/(W0 - Wf) = 1/e         (6) 

θ = T-Ts                                        (7) 

As a result, the decomposition 

energy is calculated using the slope of 

the plot, where ln[ln{(W0 - Wf)/(Wt - 

Wf)}] verses θ.  The values of Ts  and Ed 

for the four phases of spinel breakdown 

ferrites were registered in Table 3. For 

the four phases, the average values of Ed 

are 1.39, 6.53, 39.14, and 40.21 (KJ/mol). 
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Fig. (2): TGA curves of Cd0.5Cu0.5CrxFe2-xO4 nanoferrite samples 

Table (3): TGA transition temperature Ts in (
o
C) and decomposition energy Ed in (kJ/mol) for 

Cd0.5Cu0.5CrxFe2-xO4 nano ferrites samples. 

Sample 
Stage1 Stage2 Stage3 Stage4 Stage5 

Ts Ed Ts Ed Ts Ed Ts Ed Ts Ed 

Cr00 54.613 1.4 225.92 2.78 358.33 17.6 393.42 74.5 787.29 390 

Cr05 59.953 1.4 247.02 6.56 354 31.36 424.01 32.1 716.98 52.7 

Cr10 60.972 1.24 233.37 7.91 343.42 96 459.41 27 742.66 79.7 

Cr20 58.86 1.59 185.82 5.84 286.46 57.4 509.63 22.8 752.47 93.6 

Cr40 72.79 1.45 216.9 4.76 393.49 16.9 523.92 42.0 738.65 75.9 

Cr80 82.9 1.26 219.88 6.62 432.01 15.6 509.25 42.9 748.49 94.6 
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Fig. (3): Plots of activation energy of Cd0.5Cu0.5CrxFe2-xO4  nanoferrite samples

 Scanning electron microscope 

The materials' morphology 

significantly affects their magnetic and 

electrical characteristics. The scanning 

electron microscope was utilized to 

investigate the surface of the samples 

and correlate it with the behavior of their 

characteristics. The SEM pictures of the 

current samples are shown in Fig. 4. The 

particle agglomeration phenomenon is 

allowed by the surface activity, 

demonstrating that all the particles are 

thoroughly cemented. The magnetic 

interactions among particle surfaces may 

cause the observed particle 

agglomeration (El-Shater, El Shimy 

and Assar, 2020). The increased doping 

ion concentration causes high 

agglomeration and clustering, which 

may be induced by oxygen vacancies 

and porosity that restrict grain dispersion 

(Lokesha et al., 2021). 
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Cr00 Cr05 Cr10

Cr20 Cr40 Cr80

Fig. (4): The SEM images of Cd0.5Cu0.5CrxFe2-xO4 nanoferrite samples

 DC measurement 

The temperature dependency of the 

σdc of the Cr ferrites has been studied. 

An exponentially increasing value of σdc 

with temperature was observed 

according to the following Arrhenius 

relation (Assar and Abosheiasha, 

2015): 

 σdc = σ0 e
-Ea/KT

                                 (8) 

; where σ0 is a pre-exponential 

factor in the dimension of (S/cm), K is 

Boltzmann’s constant, Ea is the 

activation energy, and T is the absolute 

temperature. In fact, the electrical 

conduction in a material depends 

essentially on the way of production of 

charge carriers and their transport in that 

material. It may be interpreted by 

Verwey’s hopping mechanism (Hashim 

et al., 2014).  

Accordingly, in ferrites, the σdc is 

primarily owing to the hopping electron 

among ions of the same elements in 

many valence states and distributed 

randomly through the same sub-lattices. 

Based on the crystal structure of 

spinel ferrites, the cations populate the 

tetrahedral A-sites and octahedral B-sites 

of a cubic close-packed oxygen lattice. 

In view of the fact that the Fe
3+

 ions are 

mainly present at A-sites and Fe
2+

 ions 

generated even during the preparation 

process tend to populate B-sites 

exclusively, there are not any charge 

carriers hopping between A-A sites. B-B 

hopping has a far higher probability of 
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occurring than A-B hopping since the 

separation between two metal ions on B-

A sites is wider than on B-B sites. The 

ion separation distance and the activation 

energy required for charge carrier 

hopping, correspondingly, are 

considered to be based on the hopping 

probability in B-sites. Charges may 

migrate in B-sites due to an applied 

electric field, influencing the electric 

signal of spinel ferrites (Gupta et al., 

2018). The plot of the Arrhenius relation 

of the σdc of the investigated samples 

from the room temperature up to 490K 

(ln(σdc) vs. 1000/T) is displayed in Fig. 

(5). It can be shown that ln(σdc) of all the 

samples increased linearly with the 

increase of temperature showing a 

semiconducting behavior. The activation 

energy values versus Cr concentration 

increased where the activation energy 

was in the range of 0.349 - 0.407 eV (as 

mentioned in Table 4). It can be noticed 

that increasing doping content decreases 

conductivity σdc. This increase in 

activation energy implies that the Cr ions 

taking part in octahedral sites hinder the 

electron hopping between Fe
3+

↔Fe
2+

 

ions lowering electrical conduction by 

obstructing Fe
2+

 and Fe
3+

 alteration 

(Kumar, Sridhar and Ravinder, 2018).
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Fig. (5): Temperature dependence of the σdc for the Cd0.5Cu0.5CrxFe2-xO4 nanoferrite samples 

The values of activation energy Ea 

are inversely related to conductivity (by 

decreasing conductivity, the activation 

energy Ea increases), as reported by S. 

Yonatan Mulushoa et al. (Mulushoa et 

al., 2018). 
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Table (4): DC electrical parameters (Ea and 

σdc) of Cd0.5Cu0.5CrxFe2-xO4 nano ferrites 

samples.  

Sample Ea (eV) σdc (Ω
-1

. cm
-1

) 

Cr00 0.375 7.34 × 10
-7

 

Cr05 0.349 6.26 × 10
-7

 

Cr10 0.364 3.99 × 10
-7

 

Cr20 0.398 5.06 × 10
-8

 

Cr40 0.407 2.41 × 10
-8

 

Cr80 0.398 2.24 × 10
-8

 

 Conclusion 

Cr-substituted Cd-Cu ferrite 

samples were successfully produced 

using the co-precipitation technique. The 

crystallization of the samples results in 

cubic crystal symmetry (space group 

Fd3m). It has been found that as Cr
3+

 

content increases, the lattice parameter a, 

experimental density Dexp, and x-ray 

density Dx decrease while the porosity P 

of the samples increases. For the five 

phases of weight reduction, the Horowitz 

and Metzger technique was used to 

compute the average decomposition 

energy Ed of the degradation in the TGA 

study. The SEM images indicate that 

increased doping ion concentration 

causes high agglomeration and 

clustering, which may be induced by 

oxygen vacancies and porosity 

restricting grain dispersion. DC 

Conductivity σdc of the materials can be 

explained by the hopping process 

between Fe
3+ 

and Fe
2+

 through oxygen. 

By increasing Chromium Cr
3+

 content, 

the electrical conductivity σdc decrease 

due to the replacement process of Cr
3+

 

for Fe
3+

, resulting in the lower of Fe
3+

 

ions at the B-site. The activation energy 

Ea of charge carriers’ hopping rises as 

Cr
3+

 concentration increases. All these 

changes are favorable for electronic 

applications. 
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 مبالكرو المطعمهالفريتات النانىية  النحاس - الكادميىم الخصائص الحرارية والكهربائية لعينات

1عث محمذ ميزل,ط 2البهنساوي ي,هاني حمذ 1,رضا السيذ الشاطر *1احمذ وحيذ عىض

 ، ٍصز 72513قسٌ اىفٍشٌاء ، ميٍت اىعيً٘ ، جاٍعت طْطا ،  1

 ، اىقإزة ، ٍصز 22111لأسٕز ، ٍذٌْت ّصز قسٌ اىفٍشٌاء ، ميٍت اىعيً٘ ، جاٍعت ا 2

بْجاح ب٘اسطت حقٍْت  اىْحاص اىَطعَٔ باىنزًٗ -ىعٍْاث اىنادًٍٍ٘  ٌٔحٌ حصٍْع ٍ٘اد اىفزٌج اىْاّ٘

 اىخٍار اىَسخَز ٗ التحليل الوزني الحراريٗ  الاشعه السينيهذاً قٍاساث خزسٍب اىَشخزك. حٌ اسخخاى

 ىٖا حزمٍب اىَصْعٔ، فإُ اىعٍْاث  الاشعه السينيه. ٗفقًا ىخحيٍو عٔاىَصْعٍْاث خ٘اص اىىخحذٌذ  ًاىنٖزب

طاقاث اىخحيو ط ٍخ٘س ّاٍّ٘خز. 11,6-21,1 فً اىَذيٌخزاٗح اىحجٌ اىبي٘ري  .اىشنو ٍنعب بي٘ري

 للتحليل الوزني الحراياىزسً٘ اىبٍاٍّت  ٍِ خلاهمَا ٕ٘ ٍبٍِ  ىيَزاحو الأربع ىفقذاُ اى٘سُ ٍِ اىخحيو

٘صيٍت درجت حزارة اىغزفت حاّخفضج  )مٍي٘ج٘ه / ٍ٘ه(. 14,12، و  73,21،  6,57،  2,73 ًٕ

10×7.34حذرٌجٍاً ٍِ 
-7   Ω

-1
.cm

×  1,11 إىى Cr00ىعٍْت 1-
-8

24 Ω
-1

.cm
-1

حٌ . Cr80عٍْت ىي  

ذة ٘صيٍت اىنٖزبائٍت اىَعخَخحُظٖز اى .ف٘ىج 4,143اىً 4,713ٍِ  اىَذيقٌٍ طاقت اىخْشٍط فً  اسخْخاج

 اىَصْعٔعيى درجت اىحزارة ىجٍَع اىعٍْاث سي٘مًا ٌشبٔ أشبآ اىَ٘صلاث. ّخٍجت ىذىل ، قذ حنُ٘ اىَ٘اد 

 ت.ٍاىذٗاٍ حٍاراث اىفقذٍْاسبت ىيحذ ٍِ 


