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content. It was observed that the crystal lattice constant decreased

structural properties, ! ‘ ) ! ! ) Stal ¢
while the intensity of the diffraction peaks increased with increasing x-
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Introduction:

Chemically stable magnetic nanomaterials type A2*B32*04 (A= Fe, Co, Mn, Ni, Zn, and Cu)
and B such as Fe [1]. These materials have a spinal structure [2], and they have attracted
researchers' attention due to their vast potential in numerous applications[3], including
magnetic recording media, antenna rods [4], biomedical [5], relays, transformers, and
microwave isolators [6]. Cobalt ferrite (CoFe204) nanostructure is a material with a wide
range of magnetic coactivity (233-2002 Oe) and has a modest magnetization (47-56 emu/g).
[t demonstrates stability in both physical and chemical properties [7]. Cobalt ferrite generally
has an inverse spinel structure. The typical structure of cobalt ferrite is an inverse spinel
arrangement. Within this arrangement, both the A and B sites are comprised of a combination
of Co*2 and Fe*3 cations. Nevertheless, it is well recognized that substantial propparens of Co*2
ions are located at the B-site, with the remaining ions being parent at the A-site. The

208


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.54153/sjpas.2024.v6i4.950

distribution of cations is as follows: CO*2 ins occupy the octahedral sites (B-site), when Fe3*
ions are evenly distributed between the tetrahedral and octahedral sites. The cation
distribution parens be represented by [CoiZsFes®] [Cog?Fe;3s] 0;% The symbol &

represents the proportion of tetrahedral sites that are occupied by Fe3* ions, which is also
known as the degree of inversion [8]. Typically, the magnetic characteristics of cobalt ferrite
are controlled by adjusting the temperature or annealing time. Nevertheless, achieving a clear
correlation between microstructure and magnetic response is challenging due to variations in
cation redistribution [9]. However, numerous investigations have demonstrated considerable
alterations in the magnetic characteristics of cobalt ferrite [5, 10-12]. Besides unique
structural, magnetic, and optical features, it has attracted considerable attention applicable in
electronic industries [13, 14], MRI, magnetic hyperthermia [15], gas sensors, microwaves,
magnetic fluids, recording media, and power transformers applications [11]. The Large-scale
applications of CoFe204 nanoferrite led to utilizing various methods such as sol-gel [16],
polyol method [12], solvothermal method [17], combustion and co-precipitation [18].

The magnetic and structural properties of Co ferrite depend on the particle shape and
purity [19]; the incorporation of elements such as Zn, Mn, Cu, and Ni can further improve
these features [20]. Copper doping results in the exchange of sites between Co*2 and Cu?* ions
[21] as Co*? ions are transformed from octahedral sites to tetrahedral sites. Here, Crystal
symmetry decreases inversely with increasing copper ion concentration due to the Jahn-
Teller effect [22], which arises from the disparity in magnetic moments and ionic radii of
cobalt and copper ions. Additionally, it has been observed that higher copper ion
concentrations result in a reduction of the ferrite cell parameter [21]. These changes lead
CuCoFe204 to be classified as inverse spinals [23]. This gives these materials unique magnetic
and electronic properties due to the distribution of Fe(+2and +3) jons between tetrahedral and
octahedral sites, making them suitable for numerous applications mentioned earlier [24].

Investigation into the CuxCo1xFe204 system has been started for a minimum over the last
ten years. Therefore, Numerous studies have been carried out to assess the impact of Cu*? on
the structural system of the CuxCoixFe204 ferrite system, where Singh et al. [19] synthesized
Copper-substituted cobalt ferrite nanoparticles (Col-xCuxFe204, x = 0.01, 0.03, 0.05, 0.07,
0.09 annealed at 700°C for 1h) employing the citrate precursor. They annealed powders at
700 C and that displayed a cubic spinel structure, observing variations in particle size, lattice
constant (8.376, 8.371, 8.362, 8.385, 3.387),&, magnetization, and retentivity with increased
Cu content. Then, Jnaneshwara et al. [25] synthesized Co1xCuxFe204 (X=0, 0.1, 0.2, 0.3, 0.4, and
0.5), examining magnetic, conductivity, and structural properties. They observed a decrease
in lattice parameters (8.39, 8.4109, 8.4109, 8.4019, 8.4109, and 8.3910) A and an increase in
X-ray density (5.3850, 5.1884, 5.2054, 5.2224, 5.2394 and 5.2564) (g/cm®). Batoo et. al [22]
used a different compensation method to study CuxCoi-xFe204, the lattice linear expansion
induced (a=8.3834, 8.3835, 8.3837 8.3839, 8.3840 and 8.3843) A by introducing Cu*?2 ions into
the CoFe2-xCuxO4 (x=0.0, 0.1, 0.2, 0.3, 0.4, and 0.5) crystal structure instead of Fe*3
accordingly a Cu*? content. Ghosh and Mukherjee [26] investigated the structural and
magnetic properties of polycrystalline Cu-substituted cobalt ferrite (CuxCo1xFe204: x = 0.00,
0.15, 0.30, 0.45, 0.60) nanoparticles synthesized via chemical co-precipitation. X-ray
diffraction confirmed the samples were single phase, with mean crystallite sizes ranging from

44-65 nm calculated using Scherrer's formula. CuCoFe204@Chitosan was synthesized by
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Nasiri et al. [27] via a microwave-enhanced chemical method for industrial pollutant
adsorption with 82.16% after four cycles of adsorption-desorption, while Anju et al. [28]
prepared CuxCol-xFe204 (x = 0.33, 0.67, 1)-(rGO)-(TPU) nanocomposites for effective EM
interference shielding through melt-mixing with a micro compounded, they found the
crystallite size be found (55.1, 49.6 and 39.4) A. Alahmari et al. fabricated Cu-Co ferrite
nanofibers via electrospinning for potential anticancer applications against HCT-116 and
HeLa cells [20]. Saleem et al. also noted decreased lattice parameters with higher Cu*? content
in Cui-xCoxFe204 (X= 0.04, 0.08, and 0.12) [29].

This study investigates how varying copper content affects the structural properties of
Cu-Co spinel ferrite. Copper substitution levels of x = 0.05, 0.10, and 0.15 were examined
using X-ray diffraction and Williamson-Hall analysis.

Materials and methods
Synthesis of ferrites

Salt solutions of all citric acid HOC(COOH)(CH2COOH)z, Fe (N03)3.9H20, Co (NO3)2.6H:0,
Cu (NO3)2.2H20 and citric acid HOC(COOH)(CH2COOH)2 were prepared by (3, 2, 1, 1) M
respectively in 40 ml of deionized water through continuous stirring for 30 minutes until a
clear solution formed for each. Then, they maxed by (2:1:0), (2:0.95:0.05), (2:0.9:0.1), and
(2:0.85:0.15) Vol. %. Next, the citric acid solution is added carefully to the mixed solution on
the magnetic stirrer without heat, followed by ammonia drops gradually added until reaching
the desired pH level of (7). After that, they are heated until the mixture temperature reaches
90° until the mixture becomes gelatinous, then the mixer is stopped, and heating continues
until the gel ignites automatically and completely. The resulting ferrite is left to cool and
ground using a mortar. After that, the resulting ferrite powder is placed in the oven for two
hours at a temperature of 600°C

Characterization

The structural characteristics of ferrite powder were investigated using X-ray diffraction
(XRD) at room temperature. The diffraction angle was scanned from 10 to 80 degrees, with a
scanning speed of 0.05 degrees per second. Cu-Ka radiation with a wavelength of 1.5405 A
was used. The Bragg's relation was employed to calculate the lattice parameter (a) of a cubic
spinel lattice using Equation (1) [4]:

a=-2 VRZFRZALZ . (1)

2 sin6

where 0 stands for Bragg’s position, and (hkl) denotes the Miller indices.

Crystallite size is commonly determined using the Debye -Scherrer equation under ideal
conditions. But in the process of creating crystals, small distortions in the grid structure occur
due to either expansion or compression. These distortions cause a change in the grid's
dimensions. The expansion or compression happens because the atoms in the grid move
differently from their original positions [30]. Therefore, the X-ray density (dx) (g/cm3)values
can be predicted through the Equation (2) [31].
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where Z, M, N4 and a3 are the number of molecules per unit cell, for Cu-Co ferrite is (Z=8),
the molecular weight, Avogadro’s number, and volume of the cell, respectively.

However, to account for strain effects that can alter the crystallite size value, the
Williamson-Hall method is often utilized for necessary adjustments [32]. The total stress-
induced and volume stress at the hkl diffraction peak can be expressed using Equation (3)
[33].

Brki = (Bric) Drit + (Brii) € wvevveven (3),

where Dy (nm) is the crystallite size, Bpiqis the full width at half maximum (FWHM) of

the diffraction peaks and € is the strain.

The crystallite size was estimated through the Williamson-Hall (W-H) relation (Equation

(4)) [34].

cos0. B = (%) + (4esin0) wcovvevnnnn. (4)

where (A) denotes the dimensionless shape factor (0.89) and 6 (rad) is the diffraction
angle. In addition, the quantitative phase measurements were achieved using the reference
intensity ratio (RIR) method.

Result and Discussion

The XRD patterns shown in Fig.1 indicate that the Co ferrite and Cu-Co ferrite exhibit
polycrystalline structures with cubic symmetry, confirming their crystallization consistent
with the ICDS 98-009-8553 card. The dominant peaks of all x ratios were recorded at 20=
(35.259, 35.363, 35.386, and 35.582) © with the preferred orientation toward the (311)
diffraction peak that was used in calculating the parameters. Despite the addition of copper
ions, no distinct peaks related to them were observed, most likely due to their restricted
quantity [35, 36]. Nevertheless, a clear influence on the values of the diffraction pattern
parameters was detected as shown in (x=0.05, 0.1, and 0.15) patterns.

The lattice parameter (a) is estimated utilizing Equation (1), where decreases as an
increase of (Cu*2) ions from 8.435 A for (x=0) to 8.361 A for (x=0.15). According to Vegard's
law, there is a linear relation between the lattice parameter and the concentrations of
compounds in solid solutions [37], where (Cu*2) with an ionic radius of 0.72 A substitutes
(Co*2) with an ionic radius of 0.74 A. This substitute leads to reduce the lattice parameter has
occurred [38] as illustrated in Fig. 2a and, tabulated in Table (1).
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Fig.1 XRD patterns of the prepared Cu-Co ferrites.

Upon evaluating dx values against the substitution values for Cu*? from Equation (2), it is
evident that there is a near-linear increase of the X-ray density (dx), depicted in Fig. 2b. The
rise in X-ray density due to Cu?* doping is because of the greater density of Cu*? ions (8.92
g/cm3[39]) in comparison to the substituted ions such as Co*? (8.86g/cm?3[40]).
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Fig. 2 Variations in the lattice constant (a) and x-ray density (b) as the concentration of Cu*2
varies.

Crystallite size and microstrain were calculated based on Equation (4), where the
relationship between 4sinf and .cos 6 (Williamson-Hall plot) was drawn, as shown in Fig. 3.
It was discovered that there is an irregular fluctuation in the sizes of crystallites and
microstrain as the concentration of copper ions increases, possibly due to the irregular
substitution of ions at octahedral and tetrahedral sites [41]. An increased concentration of
copper ions could cause them to move towards tetrahedral sites instead of their usual
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octahedral sites, leading to a shift in microstrain [29]. Generally, at 0.05, there was a sudden
increase in negative values, followed by a subsequent decrease, yet the trend resumed an
upward trajectory later, as listed in Table (1).
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Fig. 3 Williamson-Hall plots of CuxCo1-xFe204 (x=0, 0.05, 0.1 and 0.15).

Table 1: Lattice parameter (a), Crystallite Size (Dnii), microstrain, and X-ray density (dx) of the
synthesized Cu-Co ferrite precursors

Concenfc:;gtzion a (nm) Dy (nm) Microstrain (%) dx (g/cm3)

0 0.8435+0.0038 10.74 -0.00309 5.192

0.05 0.8411+0.0009 20.46 -0.00075 5.242

0.1 0.8406+0.0003 12.32 -0.0027 5.257

0.15 0.8361+0.005 14.42 -0.00255 5.347
Conclusions

The replacement of Cu*? ions has been shown to affect lattice constant, X-ray density,
crystal size, and microstrain. This method enables the controlled production of materials with

enhanced properties, suitable for various applications including magnetic storage, sensors,
electronics, and biomedical devices.
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