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Sol-gel auto combustion route is employed to fabricate Y-type 

hexagonal ferrites Ba2-xHoxSr2-yNiyFe12O22(x = 0, 0.02, 0.04, 
0.06, 0.08, 0.1 & y = 0, 0.1, 0.2, 0.3, 0.4, 0.5). All prepared 
samples are examined through XRD, SEM, and dielectric 
characterization.The prepared samples were then sintered at 
950 °C for 6 hours. TGA analysis was carried out to find the 
estimated sintering temperature for the phase development. 
The XRD experiment was performed to determine the effect of 

substitution on structural parameters. XRD crystallite size was 
observed in the range of 5.5 – 19.79 nm. Lattice constant (a) 
was found in the range 6.08 – 6.17 Å, and that of c was found 
in the range 44.08 – 44.73 Å. The averagegrain size value 
wasnoted to be around ~ 2μm as calculated through 
SEM.Through Raman spectroscopy, six active modes (3E1g, 
2A1g, and E2g) correspond to different vibrational modes of the 

prepared samples. LCR technique showed that the dielectric 

constant and the dissipation factor were decreased with 
increased frequency. A decrease in dielectric losses suggests 
these materials are for high-frequency applications. 
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1. Introduction 
 

In the competition of new creations, new technological materials have acquired 

much more courtesy due to their direct convenience, particularly in material science. 

Hexagonal ferrites have attracted much attention since their discovery by Philips in the 

1950s(Irfan, Elahi, & Shakoor, 2016).Due to their extraordinary magnetic properties, 

ferrites are the most widely utilized materials. Due to their high stability, electrical 

resistance, and ferromagnetism, these materials are frequently used in permanent 

magnets, magnetic recorders, memory chips, and microwave devices. The structure of 

different ferrites differs from each other due to their structure, like spinel ferrites, ortho-

ferrites, garnets, and hexagonal ferrites(Chen, Wang, Liu, Jin, & Wu, 2022; C.-h. Wang et 

al., 2022). Due to their low cost, ease of manufacture, and exceptional electrical, dielectric, 

and magnetic properties, hexa-ferrites have attracted much attention in the technological 

areas in recent decades(Lan, Zhao, Gao, Kou, & Wu, 2021; Narang & Pubby, 2021). 

Manufacturing factors, such as composition, doping type and amount, sintering temperature 

and time, etc., significantly impact the materials' performance. Due to their use in 

multilayer chip inductors, microwave devices, and magnetic recording, they are currently 

regarded as materials in demand (Houbi et al., 2021). Based on their crystal structure and 

chemical makeup, these ferrites can be divided into six main categories: M, W, Y, X, Z, and 

U-type hexa-ferrites. These hexa-ferrites differ from each other. 
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The different super-positioned configurations of the R, S, and T building components 

in these hexa- ferrites distinguish them (Ali et al., 2015). Y-type hexa-ferrites are a 

composite of hexagonal barium M-type ferrite and cubic spinel ferrites, which are among 

these hexagonal ferrites.Although they have a complicatedstructure, they have a hexagonal 

structure parallel to the c-axis(Ali et al., 2014). As a result, Y-type ferrites have a self-

biased magnetic field that is uniaxial anisotropic and normal to the c-axis. As a result, Y-

type ferrites have a self-biased uniaxial magnetic anisotropic field and an easy axis of 

magnetization that is normal to the c-axis. 

 

Consequently, they have a preferred plane to align the saturation magnetization, 

which can be chosen as a plane of microwave devices(Batool et al., 2022).Hexa-ferrites are 

used in a high-density magnetic recording medium, which calls for materials that can be 

precisely controlled in terms of homogeneity, shape, and magnetic characteristics. Finding 

the most significant creation conditions to obtain tiny particles for use in high-density 

magnetic recording media is essential. The sol-gel, the chemical co-precipitation, sol-gel, 

microemulsion, hydrothermal synthesis, and opposite micelle(Irfan et al., 2016; Jacobo, 

Domingo-Pascual, Rodriguez-Clemente, & Blesa; Kumazawa, Maeda, & Sada, 1995; Pillai, 

Kumar, & Shah, 1992; Zhong & Ding, 1997). In the current study, doping with a relatively 

small amount of Y2O3 significantly alters the morphological, dielectric, and magnetic 

characteristics of Y-type hexa-ferrites.As mentioned earlier, the variation of the properties 

is appropriate for their applications in various electrical devices working for industrial and 

military applications.Hexagonal ferrites have varied applications in multiple devices, such as 

high-density magnetic recording systems, microwave devices, frequency telecommunication 

devices, biomedical applications (like cellular imaging, hyperthermia, target drug delivery, 

etc.), and cores of inductors.Since the sol-gel auto-combustion method is straightforward in 

composition and shape, it has been utilized to create homogeneous nano-crystallites of 

hexagonal ferrites(Irfan et al., 2016). 

 

Hexagonal ferrites give high permeability in RF (radio frequency). This feature 

founds numerous applications in devices like micro-inductors and antennas(Liu et al., 

2018). Hard ferrites or hexagonal ferrites have found multiple applications in 

telecommunication technology. They can be made devices applicable to high-range 

electromagnetic wave devices, which is very important for distortion-free 

telecommunication (Majeed et al., 2016). Ferrites with different cationic substitutions at 

various sites are useful in industrial and technological applications. Due to unique properties 

of hard ferrites such as less electro-conductivity than metallic ferrites, high permeability, 

high Curie temperature (Tc), high value of Ms, high value of coercivity (Hc), and high 

remanence after the magnetic field and low eddy current lose made them very effective in 

different industrial and technological applications (Din et al., 2014). 

 

At room temperature, nickel is a very oxidation-resistant and ferromagnetic metal. 

Because rare earth metals significantly affect the system's magnetic anisotropy, spinel 

ferrite is promising. Holmium and nickel-substituted Y-type hexagonal ferrites are Y-type 

hexagonal ferrites in which part of the yttrium (Y) ions in the crystal structure have been 

changed to holmium (Ho) and nickel (Ni) ions. Hexa-ferrites have magnetic properties 

widely used in various applications, including magnetic storage devices, microwave devices, 

and permanent magnets(Yang & Wang, 2017). They are also referred to as hexagonal 

ferrites or ferrite magnets. Holmium and nickel ions can be utilized to swap out yttrium 

ions, altering the properties of Y-type hexagonal ferrites. Adding extra magnetic moments 

to the crystal lattice caused by the substitution of holmium can change the material's 

magnetic characteristics(Aslibeiki, 2014). Nickel replacement may also impact the ferrite's 

magnetic and structural properties. 

 

2. Experimental Procedure 
 

To synthesize Ba2-xHoxSr2-yNiyFe12O22hexagonal ferrites,the following extremely pure 

materials such as Ni(NO3)2.6H2O, Fe(NO3)3.9H2O, Ho(NO3)3.5H2O, Ba(NO3)2 and Sr(NO3)2 

were used. For the preparation of the solution, deionized distilled water was used. Holmium 

and nickel substituted Y-type hexagonal ferrites with a nominal composition of Ba2-xHoxSr2-

yNiyFe12O22(x = 0, 0.02, 0.04, 0.06, 0.08, 0.1 and y = 0, 0.1, 0.2, 0.3, 0.4, 0.5) were 

prepared by Sol-gel method. The prepared solutions were then stirred using a magnetic 

stirrer. After the stirring of all these solutions, all the solutions were then combined into a 
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single beaker while keeping the stirring ON. The stirring was kept ON until the formation of 

a homogeneous solution. The pH of the solution was kept at seven by adding NH3 solution 

dropwise. After attaining the desired pH, the heat was turned ON while keeping the stirring 

ON. After 4 hours of heat treatment, the solution was converted into the xerogel; by further 

heating, the xerogel was then converted into the ash. The ash was then ground to make the 

fine powder. After that, the fine powders were sintered at 950 ℃  for 6 hours. After 

sintering, the samples were ground well in the mortar and pestle to make the fine powder. 

In the end, the prepared samples were poured into the append drops in powder form, and 

some of the material was used to make pellets using a hydraulic press to study dielectric 

and I-V characterizations. 

 

To check the required phase of hexagonal ferrites of the crystal structure of the 

prepared sample were identified by XRD. SEM calculated the grain size of hexagonal 

ferrites. For the energy bandgap of all samples using UV- visible spectroscopy. To check the 

dielectric response of materials in the 1 KHz-1MHz frequency range was observed with an 

impedance analyzer. 

 

3. Results and Discussion 
3.1. TGA Analysis 
 

Thermo-Gravimetric Analysis (TGA) is a method for determining how much a sample 

weighs changes to temperature or time. It is frequently used to examine the materials' 

moisture content, thermal stability, and decomposition behavior. Figure 1 shows the TGA 

curve of fabricated Y-type hexagonal ferrites with chemical composition Ba2Sr2Fe12O22. This 

approach helps one to track the sample's weight loss with the increase in temperature. 

About 3% weight loss was obtained at 67 ℃, indicating the water's dryness, which was 

physically absorbed by the sample. However, almost 3% weight loss was observed at 606 

℃, indicating organic compounds' oxidation decomposition. However, after 765℃, no 

noticeable change in the weight loss was observed, which ensures the beginning of 

hexagonal ferrite phase formation(Ahmad et al., 2015). 

 

 
Figure 1: Temperature vs weight loss curve ofBa2Sr2Fe12O22 
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3.2. XRD Analysis 
 

Figure 2 shows the XRD patterns of the holmium and nickel-substituted Y-type 

hexagonal ferrites withthe composition of (Ba2-xHoxSr2-yNiyFe12O22)with(x = 0-0.1 and y = 

0-0.5) were prepared by Sol-gel method.The XRD patterns confirm the hexagonal structure 

of holmium and nickel-doped Y-type ferrites. Phase examines investigations were made by 

comparing the obtained XRD patterns with JCPDS data file No. 00-051-1879. All the peaks 

in XRD patterns were compared with the standard JCPDS data.The diffraction peaks seen 

from these XRD patterns correspond to the different planes described as (110), (0114), 

(021), (2011), (0219),and (2113). It is determined from these miller indices that the 

fabricated material has a hexagonal structure(Elahi, Ahmad, Ali, & Rana, 2013). The main 

peak is observed at 𝜃 = 29.286°, and the crystallite size for this peak is calculated to be 

26.8 nm. At the same time, the crystallite size of other peaks (0114), (021), (2011), 

(0219), and (2113)are also calculated and found to be 28.52 nm, 14.22 nm, 16.56 nm, and 

12.87 nm, respectively. The average crystallite size is found to be 19.80 nm. From Figure 2, 

it is clear that when the Ho-Ni concentration rises, the intensity of some peaks decreases 

(Rezlescu, Istrate, Rezlescu, & Luca, 1974). It is noted that there is no peak splitting. 

Different parameters are calculatedusing XRD data, such as crystallite size, FWHM, lattice 

constants, etc. For all categories of hexagonal ferrites "c," axis is considered the major axis. 

Large variations in lattice constant "c" are more well-known than in "a"(J. Wang, Ponton, & 

Harris, 2006). The c/a ratio values also established the y-type hexagonal structure. The 

following Scherrer's formula calculates the crystallite size: 

 

D =
kλ

βcosθ
           (1) 

 

Here, D represents the crystalline size in nm,K is Scherer constant, and its value is 

0.94 for Y-type hexagonal structure,λ gives the X-rays wavelength, β represents the full-

width half maxima value of different peaks, andθ provides the Bragg's angle. 

 

 
Figure 1: XRD patterns of Ba2-xHoxSr2-yNiyFe12O22 Ferrites 

 

The calculated crystallite size ranges from 5.67 to 52.04nm.As Ho-Ni concentrations 

increased, the performance decreased, as shown by the size of the crystallites. Many 

investigators have found declining behavior caused by doping rare earth cations.Ho ions 

segregation, which occurs close to the grain borders and inhibits the movement of grain 

boundaries, is the cause of this reduction(Lassoued & Li, 2020; Pant, Arora, Kaur, Kumar, & 

Kumar, 2010).Lattice constants (a, c) are calculated using the formula(Ahmad et al., 2013). 
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Sin2θ =  
λ2

3a2
(h2 + hk + k2) + (

λ2

4c2) l2        (2) 

 

Cell volume is found using the formula: 

 

𝑉 =  𝑎2𝑐 sin 120°          (3) 

 

The d-spacing is found using the following formula: 

 

dhkl= 
𝜆

2 𝑠𝑖𝑛 𝜃
           (4) 

 

The X-ray density is foundusing the formula: 

 

dx = 
𝑍𝑀

𝑁𝐴𝑉
           (5) 

 

The unit cell volume of the prepared samples indicates an increasing trend, which is 

in good agreement with increasing dopants concentrations in y-type hexa-ferrites. Since 

lattice constants affect unit cell volume, a similar pattern is seen in both instances. The 

crystallite sizeranges from 5.67nm to 52.04nm. The range of lattice constants a and c is 

found to be 6.08-6.17Å and 44.15-44.73 Å,respectively.The cell volume ranges from 

1411.13-1467.96 Å3(Table 1). 

 

Table 1 

XRD parameters of Ba2-xHoxSr2-yNiyFe12O22 Y-typehexagonal ferrites 
Concentration Angle 2𝜽 

(Degree) 

Miller 
indices 
(hkl) 

FWHM 
(Radian) 

Crystallite 
size 
D (nm) 

Lattice 
constant 

a (Å) 

Lattice 
constant 

c (Å) 

c/a 
ratio 

Unit cell 
volume 

V (Å𝟑) 

x= 0, y=0 29.30 110 0.299 26.812 6.08 44.08 7.25 1411.13 
x= 0.02, y=0.1 29.08 110 1.543 52.045 6.14 44.52 7.25 14.53.48 
x= 0.04, y=0.2 29.18 110 1.274 6.299 6.09 44.15 7.25 1418.02 
x= 0.06, y=0.3 28.69 110 1.418 5.667 6.17 44.73 7.25 1474.76 
x= 0.08, y=0.4 28.97 110 1.274 6.299 6.16 44.67 7.25 1467.96 
x= 0.1, y=0.5 29.18 110 1.413 5.679 6.09 44.15 7.25 1418.02 

 

3.3. Dielectric Analysis 
 

The dielectric properties of prepared materials are investigated to determine the 

effect of doping fluctuations in the dielectric parameters. Electrostatic energy stored per 

unit volume is used to define the dielectric constant. Figures 3 and 4 depict the variations in 

the dielectric constant (Ɛʹ)and tangent loss(Ɛʺ)for all samples at room temperature under a 

frequency range of 4 Hz to 8 MHz.The dielectric constant calculates the electrostatic energy 

retained per unit volume per unit gradient. The relative speed of an electromagnetic signal 

moving through a substance is measured using its dielectric constant. The dielectric 

constant is calculated using: 

 

ε′ = 
𝐶𝑝

𝐶𝑜
, whereCo= 

𝐴𝜖𝑜

𝑑.
          (6) 

 

Where έ is the dielectric constant, Cp is parallel capacitance, ϵo is the permittivity of 

free space, A is the area of the pellet, and d is the thickness of the pellet. Figure 3 shows 

that the dielectric constant (Ɛʹ) decreasesas the applied frequency increases. At much 

higher frequencies, it becomes frequency independent, which is the expected behavior of 

hexa-ferrites. Based on Koop's polarization theory and the Maxwell-Wagner model, which 

claims that dielectric ions and conductivity have the same origin root, charge carrier 

behavior, and hopping predictions between Fe3+ and Fe2+, this result is attributed to space 

charge polarization. The chemical composition, fabrication process, sintering conditions, 

particle size, cation distribution, and other factors all affect the dielectric characteristics of 

hexagonal ferrites. As a function of frequency at room temperature, the dielectric constant 

(Ɛʹ) is shown in the figure. 

 

Dielectric polarization can be produced in the externally applied electric field because 

of the dielectric constant of the materials. The dielectric constant value also estimates the 
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speed of EM (Electromagnetic) signals. The dependence of the dielectric constant of Ho-Ni 

substituted Y-type hexagonal ferrites having composition Ba2-xHoxSr2-yNiyFe12O22 on the 

frequency in the range of (4Hz-8GHz) can be shown in figure 3. The dielectric constant was 

found to be decreasing with an increase in the frequency. That can be due to the exchange 

of Fe2+ and Fe3+ ions. Dispersion in the dielectric constant can be found due to the 

dipole's relaxation. Due to the irregular distribution of oxygen ions at grain boundaries and 

grain during sintering, interfacial polarization can occur. The dielectric constant in the 

ferrites is caused by the reduction of the field by the polarization effect. The dielectric 

constant is also caused by the electric, dipole, and ionic polarization at higher frequencies. 

The dipole and ionic polarization are found to be dominating in the microwave (GHz), and 

radio (MHz) frequency ranges(Yasmin et al., 2020). 

 

 
Figure 2: Frequency vs dielectric constant (ε′) at room temperature 

 

Dielectric loss illustrates the conduction of electrical energy from an external electric 

field within a dielectric substance. Dielectric losses (Ɛʺ) at room temperature as a function 

of frequency can be observed in Figure 4. The dielectric loss factor is calculated through the 

following given equation. 

 

Ɛʺ= Ɛʹ tan(δ)           (7) 

 

Where tan (δ) is represented as tangent loss, (Ɛʹ) is the dielectric constant, and (Ɛʺ) 

is known as dielectric loss. From the above equation, dielectric constant and dielectric loss 

are directly related. The dielectric loss reflects the same trend as the dielectric constant. 

This dispersion is caused by interfacial polarization in the Maxwell-Wagner model and 

Koop's phenomenological theory. Hexa-ferrites exhibit polarization because of the hopping 

of electrons between Fe2+ and Fe3+. High-resistance charge carriers encounter significant 

barriers at grain boundaries, leading to polarization. However, as the frequency of the 

applied electric field increases, the charge carriers fail to recognize the changing applied 

electric field, resulting in a polarization(Jadhav, Shirsath, Toksha, Shengule, & Jadhav, 

2008). The measurement of the dielectric loss in polarization regarding changing fields is 

lagged. 

 

The figure 4 gives the tan δ (dielectric loss factor) pattern to that of frequency. As 

predicted earlier, the peaks in this graph can be seen when the charge carrier's frequency 

becomes equal to that of the external electric field. This occurs due to the similarity of the 

ferrite conducting system and dielectric polarization. Based on this hypothesis, a potential 

clarification of the peaks in the above plot can be made (Ihsan Ali, Islam, Awan, & Ahmad, 

2014). 
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Figure 3: Frequency vs dielectric loss at room temperature 

 

3.4. Impedance Spectroscopy  
 

Standard impedance spectroscopy is used to examine the electrical properties of the 

samples, and it is carefully observed in terms of interfacial/electrode, grain, grain boundary, 

etc. The impedance technique records electrical responses at temperatures when a 

sinusoidal signal with a frequency of 1 KHz to 8 MHz is applied. The change in the 

impedance to the frequency is shown in Figure 5.The value of Z (Impedance) was found to 

be increasing with an increase in the Ho and Ni concentration in Ba-Sr hexagonal ferrites, 

which follows the dependence of AC conductivity on the composition. The increase in 

impedance gives rise to a decrease in AC conductivity. In comparison, the impedance 

decreases with an increase in frequency which causes an increase in the AC conductivity. 

The reduction in impedance and increase in AC conductivity with the increasing frequency 

gives the semiconducting behavior of the prepared samples(Khan et al., 2022). 

 
Figure 4: Frequency vs Impedance (Z) at room temperature 
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3.5. SEM Analysis 

 
Scanning Electron Microscopy (SEM) is employed to disclose particle shape and 

morphology of the surface of synthesized y-type hexagonal ferrites Ba2-xHoxSr2-yNiyFe12O22. 

Figure 6shows the determined SEM images of the fabricated samples. The characteristic 

platelet-like structure of the grains, almost uniform particle dispersion, and high density are 

all visible in these micrographs. The grain size of the synthetic powders is assessed using 

the line intercept technique. The range of the determined grain size, which is between (0.83 

μm–1.11 μm), is quite large. Higher sintering or calcination temperatures are the cause of 

the big grain size.  
 

 
SEM analysis of 

Ba2Sr2Fe12O22 

 
SEM analysis of 

Ba1.98Ho0.02Sr1.9Ni0.1Fe12O22 

 
SEM analysis of 

Ba1.96Ho0.04Sr1.8Ni0.2Fe12O22 

 
SEM analysis of 

Ba1.94Ho0.06Sr1.7Ni0.3Fe12O22 

 
SEM analysis of 

Ba1.92Ho0.08Sr1.6Ni0.4Fe12O22 

 
SEM analysis of 

Ba1.90Ho0.1Sr1.5Ni0.5Fe12O22 

Figure 5: SEM Analysis of Ba2-xHoxSr2-yNiyFe12O22 Nano ferrites calcined at 950 °C 

for 6 h 

 

The analysis of the morphology of the grains of Ho and Ni substituted Ba-Sr 

hexagonal ferrites sintered at 950 ℃ for 6 hours was carried out vis SEM in the above 

figures. The clustering of formed grains may be due to grown particles having large surface 

areas and may also be due to attractive forces between the magnetic particles(Chauhan et 

al., 2018). The grain size was also found to be increasing with the substitution of Ho and Ni 

in the prepared samples. The grain morphology was found to be enhanced by the 

substitution of Ho and Ni in the Ba-Sr hexagonal ferrites. The grain size of the prepared 

samples was also calculated, and the average grain size was found to be 2µm. 

 

3.6. Raman Analysis 
 

Raman spectroscopy is an innovative, non-destructive spectroscopy material 

identification technique used to provide information about structures comparable to one 

another and structural problems. Figure 7 shows the Raman spectra of synthesizedBa2-

xHoxSr2-yNiyFe12O22 hexagonal ferrites (x = 0, 0.02, 0.04, 0.06, 0.08, 0.1 & y = 0, 0.1, 0.2, 

0.3, 0.4, 0.5) nanomaterials ranged from 150 to-800 cm-1. The Raman spectra of Hoand Ni 

substituted Ba-Sr hexagonal ferrites are displayed in Figure 7. Out of 42 Raman active 

modes (11A1g, 14E1g, 17E2g), six active Raman modes are found, which corresponds to 

different vibrational modes (Table 2). 
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Table 2 

Raman active modes of B2-xHoxSr2-yNiyFe12O22 (x = 0-0.1 and y = 0- 0.5) hexagonal 

ferrites 
Concentration E1g (cm-1) E2g (cm-1) A1g (cm-1) E1g (cm-1) E1g (cm-1) A1g (cm-1) 

x= 0, y=0 193 329 462 514 617 685 

x= 0.02, y=0.1 191 327 462 512 615 685 
x= 0.04, y=0.2 199 318 462 518 611 674 
x= 0.06, y=0.3 197 318 462 510 615 671 
x= 0.08, y=0.4 195 327 462 516 617 685 
x= 0.1, y=0.5 193 326 462 512 615 685 

 

E1g mode is found to be in the range of 191-199 cm-1, which is designated as a 

vibrational mode of the whole spinel block because of E1g symmetry. E2g mode is found to 

be in the range of 318-329 cm-1, which is designated as the vibrational mode of the 

octahedral 2k site because of E2g symmetry. A1g mode is found to be 462 cm-1 due to the 

vibrational mode of octahedral 2k sites because of A1g symmetry. E1g mode is in the range 

of 510- 516 cm-1 due to the metal oxide bond vibration at the octahedral 2a and 2k sites 

because of E1g symmetry. A1g mode is in the range of 611- 617 cm-1 due to the stretching 

vibration of the Fe-O bond at the 4f2 octahedralsite because of A1g symmetry. A1g mode is in 

the range of 671- 685 cm-1, due to the vibration mode of pyramidal 2b sites because of A1g 

symmetry that makes a difference between spinel and hexagonal structure(Khalaf, Abd El-

Lateef, Alnajjar, & Mohamed, 2020). 

Figure 7: Raman Spectra of B 2-xHoxSr2-yNiyFe12O22 hexagonal ferrites at room 

temperature 

 

Conclusion 
 

Y-type hexagonal ferrites with compositionB2-xHoxSr2-yNiyFe12O22 aresynthesized 

viasol–gel method followed by an auto-combustion.XRD experiment confirmed the 

formation of pure phased Y-type hexagonal structure with no impurity traces. A significant 

 
Raman active modes of 

Ba2Sr2Fe12O22 

 
Raman active modes of 

Ba1.98Ho0.02Sr1.9Ni0.1Fe12O22
 

 
Raman active modes of 

Ba1.96Ho0.04Sr1.8Ni0.2Fe12O22 

 
Raman active modes of 

Ba1.94Ho0.06Sr1.7Ni0.3Fe12O22 

 
Raman active modes of 

Ba1.92Ho0.08Sr1.6Ni0.4Fe12O22 

 
Raman active modes of 

Ba1.90Ho0.1Sr1.5Ni0.5Fe12O22
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development was observed in the primary lattice parameter "c" axis. The crystalline size 

(5.67to 52.05 nm), lattice constant a(6.08 – 6.17 Å), and that of c (44.08 – 44.73 Å) 

displayed significant variation as a function of Ho-Ni concentration. SEM study revealed an 

average grain sizeto be 2µm. The dielectric constant and dissipation factor decreased due to 

the Fe2+ and Fe3+ ions exchange. Dispersion in the dielectric constant can be found due to 

the dipole’s relaxation.Raman spectroscopy of Ho-Ni Nano ferritesrevealed six active 

modes, namely (3E1g, 2A1g, and E2g), corresponding to different vibrational modes of the 

prepared samples. 
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