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The R-type hexagonal ferrites 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 based on Sr2+with configuration (x = 
0.0, 0.02, 0.06, 0.1) were synthesized using the sol-gel method and sintered at 1173 K. X-
ray diffraction (XRD) analysis confirmed the formation of single-phase R-type hexagonal 
ferrites. The substitution of Cr2+ affected various properties, including the lattice 
parameters (a (Å), c (Å)), crystallite size (nm), X-ray density (g/cm³), and unit cell volume 
(V (Å³)). The crystallite size of all the samples ranged from 24 nm to 37 nm. Fourier 
transform infrared (FTIR) spectra exhibited bands between 400 cm⁻¹ and 480 cm⁻¹. The 
dielectric constant increased with Cr2+ substitution but decreased with increasing 
frequency. AC conductivity also increased as frequency rose. These materials are 
suggested for use in microwave absorption applications and transformers, as they could 
help enhance performance by minimizing eddy currents. 
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1. Introduction 
 
In the last decades, the researchers have increased their focus on the ferrites due to their 

unique properties than their bulk complements such as electrical, optical and dielectric properties. 
Among these ferrites the hexagonal ferrites have the most remarkable and innovative properties. 
These hexa ferrites properties can also be modify by modifying their synthesis techniques, sintered 
temperature and method of doping which can change their structural, optical, magnetic and 
dielectric properties [1, 2, 3]. The hexagonal ferrites have durable chemical stability, high 
coercively and saturation, low density sensors, microwave filters, high frequency applications 
telecommunication devices and radar [4,5]. Their electrical and dielectric properties are focused 
due to their extraordinary dielectric losses and electrical resistivity [6,7]. The ferrites are divided in 
four types’ spinel, garnets, orthoferrites and hexagonal ferrites depending on their crystal 
structural. In 1952, the hexagonal ferrites were described firstly [8]. Hexagonal ferrites have 
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multiplicity of crystal shapes; there are seven distinctive types of due to their chemical and crystal 
structures. These types are M, Y, X, Z, U and R hexagonal ferrites. [9,10]. The hexagonal ferrites 
base on R-type are remarkable for the researchers and scientists [11]. The reason of their 
popularity is owing to their usage in greater rate dielectric resonators, sensors and switches [12]. 
These R typed hexagonal ferrites are indicated by letter “R” it can be mounded in RR*, with the 
rotation of 1800alongside the c axis and ne showed with R* letter. The frustrated crystal structure 
of R- hexa ferrites creates the magnetic disorder [13,14]. The influence of divalent and trivalent 
ions has capacity for alteration the features of R- hexaferrites in the interstitial sites of the crystal 
lattices. The different constraints including the particle size, composition, crystallinity and site 
tenancy highly affect the structural, magnetic and dielectric characteristics of the R- typed 
hexagonal ferrites [15,16]. In our research we synthesis the R-typed hexagonal ferrites 
𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11based on Sr2+with mixture (x = 0.0, 0.02, 0.06, 0.1) and their properties such 
as electrical, structural and dielectric were examined by influence ofCr2+ with different 
concentrations. Tehmina Amjad et al. Synthesized R-Typed hexagonal ferrites 𝑀𝑀𝑀𝑀2𝑁𝑁𝑁𝑁𝑥𝑥𝐹𝐹𝐹𝐹4𝑂𝑂11 
with various compositions (𝑥𝑥 =  0, 0.1, 0.2, 0.3) using the sol gel auto combustion process. They 
improved dielectric parameters of the models by influence of Ni2+ indicate their suitability for 
high-frequency applications [17].Sajjad Hussain et al. synthesized R-typed hexagonal ferrites 
based on Sr2+, specifically 𝑆𝑆𝑆𝑆1−𝑥𝑥𝑀𝑀𝑀𝑀𝑥𝑥𝑆𝑆𝑆𝑆2𝐹𝐹𝐹𝐹4𝑂𝑂11 , with varying compositions ( 𝑥𝑥 =
 0.0, 0.1, 0.2, 0.3) using the sol gel technique. They reported that these R-typed ferrites may be 
effective by influence of Mg2+ for dropping the eddy current loss which is useful for microwave 
absorbing devices as the electrical resistivity of the synthesized sample indicated a significant 
resistive character [18].Mishal Idrees et al. created R-typed hexagonal 
ferrites𝑀𝑀𝑀𝑀𝑥𝑥𝐹𝐹𝐹𝐹4−𝑦𝑦𝑌𝑌𝑌𝑌𝑦𝑦𝑀𝑀𝑀𝑀2𝑂𝑂11 using the sol gel method. They concluded that as the frequency 
increased by influence of substituting Mg2+ and Yb3+ ions. There was an observed elevation in the 
alternating current (AC) conductivity. Electrical resistivity exhibited variations based on the 
substitution of Mg and Yb ions. Additionally, all concentration levels of the polarization against 
electric field (P-E) loops showed hysteresis behavior, indicating a nonlinear response in these 
materials [19]. Muhammad Shehbaz et al. synthesis R-type hexagonal ferrites, 𝑃𝑃𝑃𝑃𝑥𝑥𝑀𝑀𝑀𝑀2𝐹𝐹𝐹𝐹4𝑂𝑂11, 
with rare earth Pr3+ element substitution by the sol gel technique. They reported that the samples' 
electrical resistivity underwent noticeable changes targeted at all of the models, the dielectric 
constant dropped at higher frequency. Super paramagnetic properties were present in the ultimate 
two meditations (x = 0.06 and 0.1) [20]. Different methods are used for the synthesis of 
nanomaterial [21-26]. The sol gel process is used here to fabrication the nanomaterial. It is a 
highly efficient and cost-effective technique for synthesizing advanced materials, particularly 
nanomaterial. It offers precise control over composition, particle size, and morphology, making it 
ideal for creating materials with tailored properties. Moreover, the process requires relatively low 
temperatures and shorter synthesis times, reducing energy consumption and costs [27, 28]. This 
work introduces the novel substitution of Sr²⁺ with Cr²⁺ in R-typed hexagonal ferrites Sr1−xCrxZn2

Fe4O11 fabricated via the sol-gel method. The Cr²⁺ substitution led to significant alterations in 
parameters of electrical, structural, and dielectric, including enhanced dielectric constants and 
enhanced AC conductivity with higher frequency. The study uniquely highlights the potential of 
Cr²⁺-doped ferrites in reducing eddy currents, making them highly suitable for microwave 
absorption devices and transformer applications. This innovative approach expands the 
understanding of R-type ferrites with optimization for higher frequency uses. 

 
 
2. Experimental techniques 
 
Preparing the sample of Sr1-xCrxZn2Fe4O11 with x values of 0.00, 0.02, 0.06, and 0.1 was 

accomplished using the sol gel auto combustion technique. The stoichiometric amounts of the 
respective nitrates were employed, with citric acid serving as the combustion catalyst. The 
procedure began by dissolving the citric acid and nitrates at equal molar ratio 1:1 in the distilled 
water, utilizing magnetic stirrer to achieve dissolution. The ammonia solution was introduced drop 
by drop in the mixture to maintain PH level 7. Following approximately one hour of continuous 
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stirring, a dry gel was formed at100°C temperature. The stirring was stopped when dry gel was 
prepared, and then gel was animated till the final product was achieved through auto-combustion. 
The resulting product was then ground for thirty minutes to refine the prepared samples. 
Subsequently, the powders were subjected to sintering in a furnace at temperature of 800°C for 
eight hours. Various analytical techniques were subsequently applied to characterize the 
synthesized ferrites. 

 
 
3. Results and discussion 
 
3.1. Structural study 
The XRD displays of Sr1-xCrxZn2Fe4O11 (X = 0.00, 0.02, 0.06, 0.1) are revealed in Figure 1, 

confirming the successful synthesis of single phased R-type hexa ferrites. The diffraction patterns 
exhibit sharp, well-defined peaks, indicating high crystallinity. The most prominent reflection is 
observed at 2θ =31.4∘, consistent with reported values in the literature [JCPDS, card number 01-
072-1243]. The XRD analysis reveals eight significant peaks at  2θ values of 25.28o, 28.43o, 
31.41o, 33.89o, 37.18o, 43.07o, 48.07o and 61.82o degrees, corresponding to the 
crystallographic planes (004), (103), (110), (112), (105), (106), (211), and (304) of R-Type 
Hexaferrites structure. A noticeable change in the peakloci and a reduction in peak intensities are 
detected with Cr+2substitutions. These changes are recognized to the alteration in ionic radii among 
Sr²⁺ and Cr²⁺ ions, which affects the lattice parameters. The most intense peak, corresponding to 
the (110) plane, is used to calculate critical crystallographic parameters, including inter-planar 
spacing (d), lattice constant (a), crystallite size (D) & X-ray density (dx-ray). The systematic 
variation in these parameters with Cr doping confirms the structural modification of the R-type 
hexaferrites, producing them potential applicants for dielectric usages at higher frequency. 

 
 

 
 

Fig. 1. XRD sketches of 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11(𝑥𝑥 = 0.00 −  1.0) R-typed hexaferrites. 
 
 
The determination of crystalline size of the prepared models was carried out by the Debye-

Scherer method [29], which is expressed as: 
 

        𝐷𝐷 =  k λ 
β cosθ

                      (1) 

 
 
In the given formula, the constant (k) has a fixed value of 0.94, (λ) is the wavelength of 

the X-rays, having value of 1.54 Å (angstroms), (β) denotes the Full Width Half Maxima (FWHM) 
defining the peaks ‘width at half of their full intensity, and (θ) corresponds to Bragg angle in X-
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rays [30]. Within the sample, the determination of dislocation density employed the following 
formula: 

 
                      ρ =  1

D2
  (lines/m2)                        (2) 

 
The resulting dislocation density values (ρ) have been provided in Table 1. There is 

evident that dislocation density and crystallite size are inversely proportional to each other across 
all Cr-substituted R-type hexaferrites [31]. 

 
 

Table 1. Comparison of value of crystallite size (D), and dislocation density (ρ), Inter planner spacing (d), lattice 
constant (a) and lattice constant c with x. 

 
Concentration 

(X) 
D 

(nm) 
Ρ 

(A˚) 
d 

(A˚) 
a 

(A˚) 
c 

(A˚) 
0.00 7.00 0.02038 0.2879 5.758 13.77 

0.02 10.76 0.00863 0.28965 5.793 13.468 

0.06 11.03 0.00821 0.2908 5.816 13.571 

0.1 11.56 0.00748 0.28195 5.639 13.746 

 
 
as in accordance with the literature [32]. It shows that the dislocation density and 

crystalline size are related with inverse to each other, by decreasing the dislocation density 
increases the crystalline size  

 
 

 
 

Fig. 2. Variations in dislocation density and crystalline size as a role of concentration(x). 
 
 
Figure 2 denotes the variant of the particle size 'D' with certain regularity with Cr 

concentration (x). The prepared 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 (X = 0.00,0.02,0.06, .0.1)  R-
TypedHexaferriteshave crystalline size from 7.00 nm – 11.56 nm. It was observed that particles 
size increases in a linear way. It’s also owing to the added of Cr cations for Sr cations on the 
lattice site [33]. The interplanar distance is typically measured as the distance between parallel 
crystallographic planes, such as the distance between two adjacent atomic planes in a crystal 
lattice. This distance is often represented by the symbol "d". Within the crystalline sample, the 
determination of Inter Planner Spacing employed the following formula [34]. Table 1 represents 
their values. 
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𝑘𝑘2
                   (3) 

 
where, d = Inter Planner Spacing, h = Miller Indices at x side, k = Miller Indices at y side, l = 
Miller Indices at z side and a and c = Lattice Constant  

The lattice constants were estimated using cell software and were roughly identical to 
previously reported values for R-type structures. The lattice constants "a" and "c" obey 
Vegard's law and exhibit a decreasing tendency as the ratio of substituted cations increases 
and are given in Table 1. It was discovered that changing the doping ratio induced a change in 
the intensity of the (110). 

 
 

 
 

Fig. 3. Variation of Inter Planner Spacing (d), lattice constant (a) and Lattice Constant  
(c) (Å) by concentration x. 

 
 
Based on the provided graphs it reflects that both lattice constant “a” and the interplanar 

spacing exhibit an increase as the concentration of Cr doping rises, reaching a peak around x = 
0.06. Subsequently, these values start to decline. This way can be qualified to the feature that at 
lower concentrations of Chromium, the element does not effectively integrate into the crystal 
lattice but instead remains as an impurity along the grain boundaries. However, as the doping 
concentration increases sufficiently, Chromium begins to diffuse into crystal lattice, essential 
towards a reduction in the lattice constant "a" and interplanar spacing [35, 36]. 

Different metal ion properties were to blame for alteration in intensity and 
displacement in the peaks. The larger sketch of the shifting is presented. This shift in the peak 
changes the ionic radii of Sr ions to 1.12 Å and ionic radii of Cr are 0.615 Å, as well as ion 
replacement on the sub lattices A & B. By means of a consequence, the internal lattice strain 
produced by the loss in lattice properties caused by an increase in the dopant’s ratio precludes 
the formation of crystals. Because the c/a ratio is in the 2.32-2.44 range, the synthesized 
material belongs to the R-type hexagonal ferrites as shown in Table 2.  
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Table 2.  Comparisons of unit volume cell (V), c/a ratio, x-ray density (dx) and molecular weights (M.W), bond 
length (B.L), and positional parameter (U) with Concentration x. 

 
Concentration 

(x) 
𝒄𝒄/𝒂𝒂 V 

(Å3) 
dx 

(g/cm3) 
M.W B.L 

(Å) 
U S.f 

0.00 2.39 395.5 15.56 617.76 6.93 0.0582 0.477 
0.02 2.32 391.4 15.71 617.04 6.78 0.0616 0.478 
0.06 2.33 397.6 15.43 615.62 6.83 0.0611 0.479 
0.1 2.44 378.6 16.16 614.19 6.91 0.0560 0.458 

 
 
As replacement increased, cell unit volume decreased from 395.5Å3 to 378.6Å3 as 

given in Table 2. This volume reduction is justified due to the doping ions' differing ionic 
radii from the host. The volume deviation demonstrated that the cations had been properly 
replaced at the correct spot. Crystallites of diameters ranging from 7.00nm to 11.56nm were 
formed by the synthesized chemical [37]. 

 
 

 
 

Fig. 4. Graph between concentration vs Cell volume and c/a 
 
 
X-ray density of generated materials was calculated using equations.  
 

𝑑𝑑𝑋𝑋−𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑍𝑍.𝑀𝑀
𝑁𝑁𝑁𝑁.  𝑉𝑉

                            (4) 
 
where V is the volume, NA is Avogadro’s number; M is molar mass and 𝑍𝑍 𝑖𝑖𝑖𝑖 6 for R-type 
hexaferrites [38]. The changes in X-ray density of the synthesized material due to the 
substitution are presented in Table 2. It was discovered that as the Sr-Cr ratio grew, the X-ray 
density increase up to 𝑥𝑥 = 0.02 and formerlyreduction at 𝑥𝑥 = 0.06 but at higher value of x its 
value increases. The reduced molecular weight of the replacement ions in contrast to the host 
explains this behavior. The cell volume, lattice constant and x-ray density have all dropped, as 
predicted by the hypothesis.  
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Fig. 5. Graph of bulk density-rays density and porosity. 
 
 
In a crystal lattice, the "bond length" refers to the distance between the nuclei of two 

atoms that are bonded together within the crystal structure. It represents the equilibrium separation 
between atoms in a crystal lattice, where the attractive and repulsive forces between the atoms are 
balanced. The relation (5) determines the bond length of R- typed hexagonal ferrites 

 

𝐵𝐵. 𝐿𝐿 =  �𝑎𝑎
3

2
+ �1

2
− 𝑢𝑢�

2 
∗ 𝑐𝑐2    (5) 

 
where “a” and “c” stand lattice parameters. In a hexagonal crystal lattice, the variable "u" in above 
equation represents a positional parameter used to describe the position of atoms or ions along the 
crystallographic axis "b" in the hexagonal unit cell. The specific formula used to calculate this 
positional parameter "u" for hexagonal crystal structures is  
 

𝑢𝑢 =  𝑎𝑎2

3𝑐𝑐2+0.25
      (7) 

 
where, "a" represents the lattice parameter, symbolic the length along one of the hexagonal axes, 
"c" is the lattice parameter, representing the length alongside the vertical axis and "u" is the 
positional parameter along the hexagonal "b" axis [39]. 
 
 

 
 

Fig. 6. Graph between concentration vs Bond Length and u. 
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The computed bond length values are provided in table 2 aimed at all the samples. It’s 
evident formerly the table that decrease in bond length up to 𝑥𝑥 =  0.02 as a result of the Cr 
content substitution, and these values align well with the lattice parameter values. But as the 
concentration of Chromium increases the bond length value also increase. Therefore, it can be 
affirmed after the preceding conversation that the introduction of Cr ions into uncontaminated 
ferrites led to alterations in the structural factors of uncontaminated ferrites. The smaller ionic 
radius of Cr ions resulted in an increasing in the bond length between ions, subsequently leading to 
a reduction in the unit cell volume for all the substituted samples. The computation of stacking 
faults in the produced nanoparticles is accomplished using the following equation: 

 
                                              𝑆𝑆. 𝑓𝑓 =  2𝛑𝛑2

45√3.𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
                  (7) 

 
Stacking faults are planar imperfections within the crystal lattice, and they often occur during the 
formation of crystals in relatively dense systems. The measured values of SF are illustrated in the 
table 2. In a series of samples denoted as 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 (𝑥𝑥 = 0.00,0.02,0.06,0.1) R-Type 
Hexaferrites the behavior of stacking faults exhibits unpredictability in relation to the chromium 
(Cr) content. 
 
 

 
 

Fig. 7. Graph between concentration vs Stacking Fault. 
 
 
Figure 7 illustrates that the stacking fault falls within the range of 0.458 to 0.479. Upon the 

introduction of Cr, there is an increase in stacking fault values (for x > 0.02–0.06). However, with 
further increases in Cr content (x = 0.1), the stacking fault once again decreases, as depicted in 
Figure 7. This observed variation may be influenced by the annealing temperature, leading to this 
heterogeneous behavior [40]. The extent to which the lattice is distorted due to the incorrect 
placement of an atom within its structure is referred to as the degree of lattice deformation. This 
degree of deformation can be quantified using the given equation [41]. 

 

𝑅𝑅 =  
2𝑎𝑎�23
𝑐𝑐

                    (8) 
 
where the symbol "R" represents the measure of distortion. The graphical Illustration of the Lattice 
deformation is revealed in figure 8 
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Fig. 8. Graph between concentration vs Lattice Deformation. 
 
 
Number of Unit cell is calculated by using the given equation (9). 
 

𝑛𝑛 = 0.6043 ∗  𝐷𝐷
3

𝑎𝑎2𝑐𝑐
     (9) 

 
The particle volume measured from relation in equation (10) 
 

    𝑉𝑉 =  4𝜋𝜋
3
∗ 𝐷𝐷3

2
               (10) 

 
 

Table 3. Comparison of Stacking Fault S.F with Concentration x. 
 

Concentration 
(X) 

Crystallite Size 
(nm) 

No. of Unit Cell  Volume of particles 
(A˚) 

0.00 7.00 0.45 179.86 
0.02 10.76 1.66 652.61 
0.06 11.03 1.76 703.55 
0.1 11.56 2.13 808.73 

 
 
The evident in Table 3 and Figure 9 shows that particle size, number of unit cells and 

volume of particles follow similar styles. These parameters show a gradual sudden increase, and 
eventually stabilize. This behavior is attributed to the factor that the samples contain elements by 
different ionic radii, as indicated by their composition [40]. 
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Fig. 9. Graph between concentration vs Crystallite size, number of unit cells& volume of particles. 
 
 
3.2. FTIR analysis 
FTIR analysis has been carried out to identify the functional groups of 

𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11. The outcomes of FTIR spectra have been displayed in the figure 1. The band 
spectrum arises in the range of 400cm-1 to 480cm-1. The band at 407cm-1 is due to stretching 
vibrations in Fe-o bonds. The bands at 436 cm-1 and 447 cm-1 are due to stretching vibrations of 
metal oxides ions. The band at 465 cm-1 is because of the metal-o-metal (M-o-M) vibrations. This 
M-o-M may contain the Sr-o-Sr, Cr-o-Cr, and Fe-o-Fe bonds. The band observed at 475 cm-1 

stands to the o-H bond vibration [41].  
 
 

 
 

Fig 10. FTIR analysis of 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 R-Type Hexaferrites. 
 
 
3.3. Surface morphology 
The SEM imaginings were utilized to examine the dimensions, shapes, and distribution of 

particle sizes in R-Type Hexaferrites 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 (x=0.00, 0.02, 0.06, 0.1). Figures 11(a-
d) presents the scanning electron microscope (SEM) images of R-Type Hexaferrites 
𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 (x=0.00, 0.02, 0.06, 0.1). At a 10um scale. The microstructure images of R-
Type Hexaferrites 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11  (x=0.00, 0.02, 0.06, 0.1) exhibit irregularly shaped 
particles with varying sizes. Micrographs confirm that the majority of nanoparticles are smaller 
than 30 nm, and there is a noticeable distinction between the sizes of doped and un-doped 
particles. Furthermore, the particle size increases as per the concentration of chromium rises. Here 
are the SEM Images of all the replicas of the 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11R Type Hexaferrites [42]. 
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Fig. 11. (a-d): SEM Image of R-Type Hexaferrites. 
 
 

3.4. Dielectric properties  
The dielectric possessions all the samples of 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 (x=0.00, 0.02, 0.06, 0.1) 

have been evaluated at different frequencies ranging from 0 to 3 Giga Hz. All the samples have 
been tested at temperature of room. The computer controlled LCR-Hi-tech directly measured the 
different factorslike Dielectric constant (ε), AC conductivity (σac) and tangent loss (tan δ) of all 
the samples and depicted in the figures. The dielectric factors are calculated by using the following 
equations, Dielectric constant (ε′) of the models can be measured as [43]. 

 
                                                𝛆𝛆′ = 𝐂𝐂𝐂𝐂

𝛆𝛆𝟎𝟎𝐀𝐀
      (11) 

 
𝐶𝐶 =  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝐴𝐴 =   𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,  
𝜀𝜀𝑜𝑜 =   𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. The dielectric tangent loss (δ) in terms of conductivity 
is: 
 

     𝑡𝑡𝑡𝑡𝑡𝑡 𝛿𝛿 =  1/2 𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋                   (12) 
 
The equation (13) used to calculate the AC conductivity (σac) of all the samples   on the 

base of loss tangent (tan δ) and dielectric constant (ε) 
 

𝜎𝜎𝑎𝑎𝑎𝑎 =  2𝜋𝜋𝜋𝜋𝜋𝜋0 𝜀𝜀′ 𝑡𝑡𝑡𝑡𝑡𝑡 𝛿𝛿                  (13) 
 
The dielectric constant (ε′) as the efficacy of the frequency has been depicted in the figure 

12. It reflects those dielectric constant decreases by increasing the frequency. The dielectric 
constant of pure sample is minimum but as the concentration of Sr increases the dielectric constant 
also increases. The dielectric behavior could be understood by the Koop’s theory. That theory 
explains the phenomenon of grains and grain boundary at different frequencies. At low frequencies 
the grain effects dominate in the crystallite. The grains are conducting at low frequency and the 
conduction and polarization mechanism occurs in the grain at low frequencies. The grain boundary 
is non-conducting at the low frequencies. The dielectric constant decreases when the frequency 
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rises because the grain boundaries effect starts at higher frequencies. The grain boundaries at 
greater frequency starts conduction mechanism as the charges accumulated on the grain 
boundaries starts vibrating with the frequency. The so much higher frequency makes the charges 
free because the charges do not response too fast as the change in frequencies. So, the charges 
show the unaffected behavior at higher frequency [44]. 

 
 

 
 

Fig. 12.The dielectric constant of all the as fabricated samples  
of 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 (x=0.00, 0.02, 0.06, 0.1). 

 
 
The tangent loss of the as fabricated samples has been illustrated in figure 13. Behavior of 

dielectric loss might be clarified through Maxwell–Wagner polarization. This behavior may be 
effectively explicated through the concept given by Maxwell–Wagner polarization. This model 
says that the crystallite made up of two layers. One is grain and other is grain boundaries. It should 
be note that when frequency increases the tangent loss decreases. This behavior owes the 
conduction mechanism of the accumulated charges in the crystallite. At lower frequency the 
charges accumulate on the grain boundaries and a lot of energy required moving them to start the 
conduction mechanism. The so much dielectric losses arise in the crystallite. But at the higher 
frequency response the charges already vibrating with high frequency, so the very low energy can 
move them to start the conduction mechanism. This is the cause behind and the reducing 
performance of the dielectric loss of the prepared samples [45]. 

 
 

 
 

Fig. 13. Dielectric losses of all the samples of   𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11( X=0.00, 0.02, 0.06, 0.1) 
 with frequency changes. 
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AC conductivity (σac) of the prepared samples has been shown in the figure 14. It shows 
that conductivity of all the samples increases by increasing the frequency. It is owing to the 
conduction of accumulated controls at grain boundary which are conducting at the higher 
frequency. The grain boundaries merged at higher frequency, as at the higher frequency the 
conduction mechanism arise. When the grain boundary and the grain merged the trapped charges 
at the grain boundaries become free to conduct the charges within the whole crystallite. The other 
reason is that the Sr has two valance electrons which contribute in the polarization and the 
conduction mechanism. The electro negativity of the Sr is lesser than the host Cr. In the result the 
Sr makes the weaker bonds than the Cr. These weaker bonds consume very low energy for bon 
breakage. When the frequency increased the weaker bonds cannot posse their strength to hold the 
bonding. This bond breakage contributes to the production a conduction of the free charges which 
increase the conductivity [46]. 

 
 

 
 

Fig. 14. The Ac conductivity of the as fabricated samples of 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 (x=0.00, 0.02, 0.06, 0.1). 
 
 
The Q value determines the quality factors of the material. It can be calculated as: 
 

Q = 1/tan (δ)       (14) 
 
Higher the Q values represent high quality of material. The figure 15 shows the higher Q 

values as the Sr concentration increases. This is maybe due to the reduction in losses in the 
material [46]. 
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Fig. 15.  The Q value of fabricated samples 𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11at (X=0.00, 0.02, 0.06, 0.1). 
 
 

4. Conclusion 
 
The R-type hexagonal ferrites with formula  𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 at x = (0.00, 0.02, 0.06, 

and 0.1) were synthesized by sol-gel auto combustion method and powder was annealed at about 
950°C and finally we get the phase of hexagonal ferrites. Their crystalline size was measured by 
XRD and their grain size was 7 to 11.56 nm. Moreover, the interplanar spacing values 
of𝑆𝑆𝑆𝑆1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑍𝑍𝑍𝑍2𝐹𝐹𝐹𝐹4𝑂𝑂11 show a decreasing trend as the Cr+2 content increases, ranging from 0.2897 
Å to 0.28195 Å. This demonstrates the sensitivity of the material's lattice structure to changes in 
composition. The FTIR band spectra encompass frequencies between 400 cm-1 and 480 cm-1. This 
range of spectral features indicates of specific chemical bonds and structural motifs within the 
material. SEM analysis of produced specimen’s morphology revealed hexagonal grains like 
configuration. In that dominion the electrical properties exhibit fascinating behavior. It was 
observed that by increasing frequency, the dielectric constant decreases, which suggested that the 
material responses to applied electric field vary with frequency. Simultaneously, Moreover AC 
conductivity of material was increased with higher frequency, showing that the material becomes 
more conductive under these conditions. These results suggested that this frequency-dependent 
behavior can be essential in applications such as microwave devices and telecommunications, 
where tailored electrical properties are required. 
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