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Abstract 
Structural, Magnetic, and Dielectric investigations on the “CuX Zn(1-X) Fe2O4” X with stoichiometry 

(X=0, 0.3, 0.5, 0.7, and 1) were synthesized by solution combustion method using Aloe Vera extraction.  
The X-ray diffraction method was utilized to characterize the as-synthesized Cu-Zn ferrites. The results 
indicated the presence of cubic spinel structure with Fd‒3 m space group, and absence of other contaminates. 
The lattice parameter was found to increase with the increase in Zinc concentration. The patterns of 
TEM confirm that the particle is within the nanometer range (35 nm to 50 nm). Magnetic properties 
investigated by vibrating sample magnetometry, reveal that the MS, MR, and HC values decrease 
with an increase in Zn concentration. The dielectric studies performed at room temperature show that 
the increase in frequency decreased the dielectric loss and Cu0.5Zn0.5Fe2O4 exhibits higher dielectric 
constant and dielectric loss are studied at the frequency range studied. Thus, the prepared samples have 
potential applications in semi-conductor and EMI shielding devices. 

1. Introduction

Ferrites have wide applications in areas viz inductors, transformers,
refrigerator magnets, microwaves, etc, owing to their low eddy current 
losses [1,2]. They possess cubic spinel structures having a general 
formula AB2O4, where A is any divalent metal like Mn2+, Cu2+, Ni2+, 
Zn2+, and B denotes a trivalent material like Cr3+, Fe3+. Ferrites reveal 
outstanding structural, magnetic, and electrical properties [3]. Amid 
numerous ferrites, Cu–ferrites exhibit a polycrystalline nature associated 
with high dielectric constant, the properties of which are highly 
dependent on the size of the crystals, preparation method, and type of 
elements that substitute it [4]. Several methods like hydrothermal [5], 
chemical co-ppt [6], sol-gel [7,8] combustion, conventional ceramic 
process, RF sputtering [9-13], and auto combustions [14] are utilized 
to synthesize nano ferrites. The spinel-structured ferrites have also 
made their impact in applications like magnetic storage systems, 
spintronics, and magnetic resonance [15-17] due to their exceptional 
magnetic properties. Several investigations have been made to 
incorporate the substitutional effects of CuFe2O4 on the structural, 
electrical, and magnetic properties. ZnFe2O4 is being synthesized for 
the study, and its photocatalytic activity in degrading organic dyes 
under visible light is being examined [18]. S. G Doh et al. have reported 

that Ni1-XCuX Fe2O4 powders, synthesized by Co-ppt, exhibit the 
highest magnetization at X=0.5 [19]. The same powder, synthesized 
by ceramic method, has been reported to increase coercive field, with 
a decrease in grain size [20]. The investigation by A R Lamani et al. 
on Cu1-XZnXFe2O4 shows an increase in dielectric constant and loss 
tangent [21] with an increase in Zn concentration. A C Murrieta et al. 
study delves into the characterization of ZnFe2O4 spinel ferrite 
synthesized through hydrothermal methods, providing insights into 
the microstructure, inversion degree, and crystal evolution [22]. The 
substitution of Ga in Cu0.5 Zn0.5 Fe2XGaXO4 is found to decrease the 
transition temperature with its increase and elucidates the semiconducting 
behavior [23].  Aloe vera is a cactus a plant, that grows in hot and dry 
climates, [24] and it is recently reported that it can be used for successful 
synthesis of gold and silver nanoparticles of 50 nm to 350 nm and 
15 nm respectively [25]. Santi Phumying et al., have reported its use 
in the synthesis of indium oxide and various other complex oxide 
nanoparticles [26]. N. Matinise et al., present a paper detailing the 
environmentally friendly synthesis of nanocomposites comprised 
of mixed-phase bismuth ferrite oxide (BiFeO3). This study assesses 
the viability of these composites as effective electrode materials for 
applications in supercapacitors [27]. N. T. Nguyen et al. focused on 
the environmentally friendly synthesis of ZnFe2O4@ZnO nano- 
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composites utilizing floral waste from Chrysanthemum spp and here 
the nanocomposites are explored for their efficacy in photocatalytic dye 
degradation [28]. The aloe vera gel, which was once used in cosmetics, 
anti-inflammatory, and burn treatments, is now being used as a good 
reducing agent to produce nanoparticles. Green synthesis of nano 
Cu ferrites using aloe vera offers numerous advantages, including 
environmental friendliness, biocompatibility, cost-effectiveness, facile 
synthesis routes, controlled morphology and properties, energy 
efficiency, and scalability. These benefits underscore the importance 
of adopting green synthesis approaches in nanotechnology for 
sustainable development and technological advancement. In the 
present investigation, a novel solution combustion method has been 
used to synthesize CuXZn(1-X)Fe2O4 (Cu-Zn ferrites) in the presence 
of the aloe vera plant extract as fuel. the structural morphology, 
dielectric, and magnetic properties of the Cu-substituted Zn ferrites 
are studied and reported. 
 
2. Experimental methods 
 

 The nanocrystalline CuXZn1-X Fe2O4 (X=0, 0.3, 0.5, 0.7, and 1) 
were prepared by solution combustion technique using Aloe vera gel 
as the oxide fuel. The molar stoichiometric amounts of metal nitrates 
(Zn(NO3)2·6H2O, Cu(NO3)2·3H2O and Fe(NO3)·9H2O), were combined 
with 10 mL of Aloe vera gel. This gel was extracted from the pulp of 
its leaf and purified with a muslin cloth. The resultant metal nitrate and 
fuel were diluted with 50 mL of distilled water and mixed thoroughly 
in a magnetic stirrer for 45 min to get a homogenous solution.  This 
solution was taken in a borosilicate glass and kept in a muffle furnace 
which was preheated and maintained at 450℃. The powder thus 
obtained was crushed in a mortar, and calcined at 800℃ for 1 h to 
remove any contaminates. The phases and crystal structure of the 
powder were identified by XRD (X-Ray diffraction Bruker AXS D8 
advance) containing Cu Kα- wavelength of 1.54 Å. The morphology 
of the powders along with their particle size were characterized by 
SEM (Scanning Electron Microscopy with EDAX JEOL 6390) and 
crystallinity was visualized by TEM (Transmission Electron Microscope, 
Hitachi H-7500). The room temperature magnetic and dielectric 
properties were examined by VSM (vibrating sample Magnetometer, 
Lake Shore 7400) and impendence analyzer (Wayne Kerr 6500 B) 
respectively. The materials were procured from a local vendor, M/s 
Vasa Scientific Centre Bangalore, synthesis of nano ferrite.  
 
Chemical reaction: 
 
Zn (No3)2.6H2O (aq) + Cu (NO3)23H2O (aq) + C19H28O14/aloe  vera plant 
extract (aq) → Cux Zn1-x Fe2O4 (s) + 36H2O (g) + 12N2 (g) + 8CO2 (g) 

3.  Results and discussion 
 
3.1  Structural details 
 

The X-ray diffraction motifs of the CuX Zn(1-X) Fe2O4 samples of 
compositions X=0, 0.3, 0.5, 0.7, and 1, are shown in Figure 1. It can be 
observed from the X-ray diffraction patterns that, all the samples 
display a single-phase structure, with the absence of impurities within 
the range of XRD. 

This indicates that the process employed for synthesis is successful 
in producing high-purity final products. The principal peaks obtained 
correspond to a characteristic planar spacing found between (220), 
(311), (400), (422), (511), and (440), which matches the JCPDS data 
901-2438 and confirms the formation of spinel Copper ferrite and 
Zinc ferrites (JCPDS 22-1012). The average size of the crystals was 
calculated using Debye – Scherer’s Equation (1). 
 

𝐷𝐷hkl  =  0.94𝜆𝜆/ 𝛽𝛽 cos 𝜃𝜃 (1)  
 
Where 𝜆𝜆 = X-ray wavelength equal to 1.5406 A˚,  
 𝜃𝜃 = Bragg diffraction angle,  
 𝛽𝛽 (radians) = full width at half maximum.  

The lattice constants were determined by extrapolating from the 
most glaring peaks [28-30] using the Equation (2). 
 

a  =   (h
2+k2+l2)

1
2

2sinθ
   (2)   

 

 

Figure 1.  XRD peaks of CuxZn1-xFe2O4 (X=0, 0.3, 0.5, 0.7, 1) nanoparticles. 

Table 1. Rietveld refinement parameter from the PXRD data for CuxZn1-xFe2O4 (X=0, 0.3, 0.5, 0.7, and 1). 
 
Compound  Crystal  Crystal  Crystallite   Parameter (A0)  R – factors 
name system system size (nm)  a=b=c Cell volume 

(A0 3) 
 Rp Rwp GOF(χ2) Rexp 

ZnFe2O4 Fd‒3m Spinal cubic 14.35  8.44 601.73  1.78 2.27 1.23 1.84 
Zn0.7Cu0.3Fe2O4 Fd‒3m Spinal cubic 33.87  8.42 597.68  1.69 2.11 1.11 1.91 
Zn0.5Cu0.5Fe2O4 Fd‒3m Spinal cubic 34.94  8.40 594.43  2.18 2.78 1.45 1.92 
Zn0.3Cu0.7Fe2O4 Fd‒3m Spinal cubic 37.28  8.39 591.08  2.19 2.77 1.38 2.00 
CuFe2O4 Fd‒3m Spinal cubic 46.25  8.34 580.48  2.05 2.58 1.48 1.75 
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Figure 2. Rietveld refinement plot of Zn0.5Cu0.5Fe2O4. 
 
Further analysis was accomplished based on the Rietveld refinement 

method, using TOPAS 6 software. Figure 2 shows the refinements plots 
and reliability factors Rp, Rwp along with goodness of fit. The average 
particle size, as estimated by the Deby-Scherrer equation [28-30] 
is found to be in the range of 14 nm to 46 nm. The size comparisons 
shown in Table 1 are used to assess the crystallinity of nanoparticles. 
The samples show excellent crystalline sizes with particle sizes in 
the nanoscale range. It can be observed that the crystal size increases 
with an increase in Cu content and is due to the influence of Cu on 
the crystal structure of ferrite. Copper has a large ionic radius in 
comparison to the ferrites (Fe, Zn) and can be confirmed by the shift 
in the diffraction peak towards the lower angle.  This may be explained 
based on Vegard’s law [31]. The results of XRD reveal that nano-
crystalline powders at room temperature synthesized utilizing Aloe 
vera plant extraction act like a complexing agent to chelate metal cations 
and mix them homogenously on an atomic scale. 

3.2  Morphology and microstructure  
 

The morphology of the samples was investigated by Scanning  
Electron Microscope and is shown in Figure 3. The SEM images 
depict a spherical shape with dense structures and porosity located 
at agglomerated linkages. The average grain size was found to be  
in the range of 40 nm to 50 nm and is in good agreement with the 
estimated XRD data analysis. The analysis of the composition, 
examined under EDAX (Energy dispersive analysis spectrum) is 
displayed in Figure 4. 

The spectra confirm the presence of O, Fe, Cu, and Zn, employed 
in synthesis, and are close to the stoichiometric value. Transmission 
Electron Microscope (TEM) was utilized to obtain high-resolution 
images [29,30]. Figure 5 reveals the detailed structures of the samples. 
The images confirm a spherical shape with evident agglomerations 
Patchy circular rings without any diffraction spots, along with secondary 
phase rings, reveal a crystalline spinel structure. 
 
3.3  Magnetic properties  
 

The field dependence M-H curve (magnetic – hysteresis curves) 
of the specimens examined at ambient temperature as measured by 
VSM at an applied field at room temperature [‒20KOe < H < 20KOe] 
are shown in Figure 6. The hysteresis loops show a ferromagnetic 
effect on the magnetic properties with the substitution of Cu. and 
the synthesized material was found to be soft magnetic material [28]. 
From Table 2 it can be observed that Ms (saturation magnetization) 
MR (Retentivity) and Hc (coercivity) tend to decrease with an increase 
in Cu content. This agrees with the results of V. Angadi et al. [32], 

 

      

   

Figure 3. SEM images of CuxZn1-xFe2O4 (X=0, 0.3, 0.5, 0.7, 1) nanoparticles. 
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Figure 4. EDAX spectra of CuxZn1-xFe2O4 (X=0, 0.3, 0.5, 0.7, nanoparticles.  
 

   

   

Figure 5. TEM images of Cu0.5Zn0.5Fe2O4 nanoparticles.
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Table 2. Coercivity, Retentivity, Saturation level of CuxZn1-xFe2O4 (X=0, 0.3, 0.5, 0.7, and 1) nanoparticles. 
 
Composition  Lattice parameters  

(A0)  
Crystallite size  
(nm)  

Coercivity (HC)  
(Oe)  

Retentivity (MR)  
(emu∙g‒1)  

Saturation level MS  
(emu∙g‒1) 

ZnFe2O4  8.44  14.35  148.557  14  52.66  
Zn0.7Cu0.3Fe2O4  8.42  33.87  118.99  8.10  40.2  
Zn0.5Cu0.5Fe2O4  8.40  34.94  90.84  6.415  40.75  
Zn0.3Cu0.7Fe2O4  8.39  37.28  47.6133  2.130  26.51  
CuFe2O4  8.34  46.25  112.535  0.3465  4.1  

 

Figure 6. M-H loop of CuxZn1-xFe2O4 (X=0, 0.3, 0.5, 0.7, 1) nanoparticles. 
 

where the Ms, Mr, and Hc values decrease with an increase in Zn 
concentration.  The decrease in the coercivity values, as Cu increases, 
may be due to lower magnetic moment [33] and the possible substitution 
for Cu for other elements may alter the distribution of magnetic 
moments. The net moments as given by Neel’s model given by μth 
=MB(x)-MA(x), where A and B are sub-lattice magnetic moments 
[34]. The decline in magnetization [35] may also be attributed to the 
surface effects, surface spins, and the existence of the glassy state. 
With the increase in CuFe3+ ions migrate from B to A site and Zn2+ 

concentration decreases from both AA sites.  It is well established that 
the Hc value decreases with an increase in grain size. In the present 

study, low coercive values are obtained leading to the probability 
of lower domain rotation. Materials with increased grain size are used 
in applications involving lower core loss [36]. Coercive force and 
domain rotation in ferrites can be obtained by reversing the wall 
movement direction and the direction of the applied magnetic field, 
respectively. The saturation levels obtained range from 4.1 to 52.66 
and are found to decrease with an increase in Cu levels. The decrease 
in saturation values with an increase in Cu levels for CuX Zn(1-X) Fe2O4 
nanoparticles can be attributed to the introduction of Cu ions, which 
disrupt the magnetic ordering of the spinel structure, leading to a decrease 
in the overall magnetic moment per formula unit. This phenomenon 
is justified by the dilution of Fe ions' magnetic moments by non-
magnetic Cu ions, thereby reducing the overall saturation magnetization 
of the nanoparticles The magnetic properties of spinel ferrites are 
influenced by shape, size, crystallinity magnetic direction and are 
very much dependent on its preparation method [28]. 
 
3.4  Dielectric properties  
 

The dielectric properties of all the samples were studied at room 
temperature by an impedance analyzer (Wayne Kerr 6500B). The  
variation of dielectric constant with frequency is shown in Figure 7(a) 
and exhibits inverse proportionality a typical behavior of spinel ferrites 
[37]. This phenomenon for increased dielectric constant with a decrease 
in frequency is by Koops and can be attributed to the conducting grains 
with insulating grain boundaries [38,39] and is well explained by space 
charge polarization, where the non-ferro electric regions, surround 
the ferroelectric regions [40].

         

Figure 7. (a) Dielectric constant real, and (b) Dielectric constant imaginary of CuxZn1-xFe2O4 (X=0, 0.3, 0.5, 0.7, 1) nanoparticles. 
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Figure 7(b) represents the variation of dielectric loss, concerning 
frequency. It can be seen that a similar trend (increase in frequency, 
decrease in dielectric loss) persists. Zn0.5 Cu0.5 Fe2O4 exhibits higher 
dielectric constant (also loss) and Zn0.7Cu0.35 Fe2O4 shows that 
lower value, among the studied samples and the reason may be due to 
the replacement of ferrous ions and its occupancy, at octahedral 
positions [41]. 

 
4.  Conclusion 
 

The principal motivation for the current research is to examine 
the structural, morphological, magnetic, and dielectric characteristics of 
Cu substituted Zn nano ferrites, synthesized by a novel method of  
green synthesis (Aloe vera gel extract), in the range of (0, 0.3, 0.5, 
0.7, and 1). The XRD motif showed that the compounds obtained 
were spinel cubic structures with Fd-3m spacings. The increased 
substitution of Zn for Cu is responsible for the increased crystalline  
size and the sample size between 40 nm to 50 nm SEM and TEM 
were utilized to find the surface morphology and the analysis confirmed 
the presence of spherical shape with 20 nm to 50 nm crystal size. 
EDAX analysis confirms purity and uniformity and TEM confirms 
the presence of secondary phase rings with spinel structures. The 
magnetic properties analyzed, clearly indicate the impact of crystal 
size on Coercivity and saturation. Magnetization and Retentivity. 
The investigation on dielectric properties shows that Cu has a larger 
ɛ’ value and that the synthesized material is a prospective applicant 
in microwave and electrical devices applications.   
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