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Abstract 

This present study reports structural features and magneto absorption properties of Ba and Ni-Zn ferrite 
nanoparticles with a composition of BaFe12O19 and NiZnFe4O4.The structural properties of the samples were 
studied using X-ray powder diffraction (XRD), Scanning electron microscopy (SEM). The XRD patterns of 
samples show crystalline peaks owing to ferrite presence. The SEM image shows the collection of nanoparticles 
with empty spaces. The magnetic characteristics of nanoparticle samples were examined using a vibrating sample 
magnetometer (VSM). Broad band magnetic resonance in polycrystalline samples were measured at room 
temperature and frequency (f=1−18GHz) ranges of microwave magnetic field availing ENA vector network 
analyzer and a copper strip coil that contains one of the samples mentioned above. With an increase in microwave 
signal's frequency, so does the increment in critical field value. Plot study of acquired graph indicates that 
Ferromagnetic resonance (FMR) is responsible for the peculiarities in magneto absorption that have been 
observed. 
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Introduction 

Hexaferrites, which have anisotropy fields two to three orders of magnitude higher than spinels, are 
commonly utilized. These include pure and substituted barium ferrites and nickel zinc ferrites [1-4]. These 
compositionally modified hexaferrites operate at frequencies ranging from 2 to 18 GHz. Due to their high 
coercive field and saturation magnetization (Hc~325−400kAm−1, Ms~280−350kAm−1), these are utilized in 
magnetic recording and permanent magnet fabrication. Notable examples are BaFe12O19 and NiZnFe4O4, 
both categorized as "M-type hexaferrite" with uniaxial magnetic anisotropy along the crystallographic c-axis. 
In recent years, barium ferrite has garnered significant interest as a ferric-magnetic material ascribed to its 
magnificent chemical stability and resistance to erosion. Its remarkable anisotropic properties make it a 
popular choice for production of magnetic and magneto-optic devices [5,6]. Additionally, its high resistivity 
and permittivity at high frequencies have led to its utilization in microwave devices. Additionally, Nickel 
zinc ferrite (NZFO) is employed in applications requiring high permeability, such as inductors and EM wave 
absorbers. Current research focuses on studying nanosized BFO and NZFO particles to minimize energy 
losses associated with bulk powders [7,8].  

The samples were prepared by Solid state reaction method. Structural features were studied using X-ray 
powder diffraction (XRD) and Scanning electron microscopy (SEM). Elemental composition is found from 
EDS. The hysteresis M-H loops at room temperature for the samples was obtained using the Vibrating 
Sample Magnetometer (VSM).A captivating but relatively underexplored characteristic of ferrite oxides is 
their magnetic field-dependent microwave absorption (MWA). Existing studies suggest that certain members 
of this oxide family exhibit higher sensitivity to microwave absorption in comparison to DC electrical 
resistance when subjected to outer magnetic fields, especially near transition from paramagnetic to 
ferromagnetic states. About 60 % change in microwave resistance in polycrystalline manganites with a small 
magnetic field of H~ 500Oe was reported by Owens [9], higher change (~90%) for similar field strength in 
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powder sample was reported by Srinivasu et al [10], but smaller magneto absorption ~20% for H = 10kOe in 
thin film was reported by Tyagi et al[11].  

At the point when the frequency of incoming microwave attractive field corresponds with the precessional 
frequency of magnetization, the maximum amount of microwave absorption (MWA) is detected [12]. 
Furthermore, microwave retention will happen even without a trace of an outside attractive field, domain 
magnetization processes or magnetoresistance in a ferromagnetic sample is responsible further leading to 
non-resonant microwave absorption at much lower fields. In most of the existing studies, MWA spectra were 
recorded using a materialistic electron spin resonance (ESR) spectrometer, with an attractive DC magnetic 
field swept with a fixed frequency (~10 GHz) determined by the original frequency of resonant chamber [13-
15]. Some reports explored recurrence cleared MWA in no outer attractive field in manganite tests utilizing a 
vector network analyzer (VNA) and explicitly planned transmission line or shorted coaxial links [16-21]. 
Nevertheless, these studies did not investigate broad-band MWA in the existence of a magnetic field, and 
there is no prior research on broad-band MWA in the paramagnetic state of manganites [22]. Findings on 
microwave magneto absorption (MWMA) observed in ferromagnetic samples across a wide frequency 
spectrum (1-18 GHz) are presented. This was accomplished by using ENA Vector Network Analyzer and a 
copper strip loop, where the strip curl capabilities both as a transmitter to produce the microwave field and as 
a beneficiary to distinguish the material's high-recurrence attractive reaction. 

Materials and Methods 

Chemicals and Materials 

Barium ferrite and nickel Zinc ferrite Polycrystalline samples were prepared by conventional solid-state 
reaction method and reported elsewhere. 

Figure 1.  ENA Vector Network Analyzer 

 Test powders were portrayed utilizing X-ray diffractometer (XRD, Philips PW-1730 with Cu-Kα 

radiation and λ= 1.5406 A°) at room temperature at an examining pace of 2°/min.  Microstructural and 
surface morphological investigations of the examples were completed utilizing SEM of model ZEISS 
EVO18(special edition). The elemental composition of the samples was obtained by energy dispersive X ray 
spectrometry. Magnetization of samples were measured using a Vibrating sample magnetometer. (VSM, 
Model DMS 1660 model) at room temperature. The hysteresis plot gives the connection between the charge 
M and the applied field H. The boundaries removed from the hysteresis circle that are most frequently used 
to describe the attractive properties of attractive media incorporate; saturation magnetization Ms, the 
remanence Mr, the coercivity Hc. 

For Microwave magneto absorption study, samples were made into roundabout pellets with aspects of 3 mm 
diameter and 1.5 mm thickness. A cubical moulded strip loop of comparative aspects was produced using a 
copper sheet of 0.3 mm thickness displayed in Figure1. The test was immovably squeezed inside strip loop 
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and internal surface of curl was likewise capped by a slim layer of tape to protect the Copper loop against 
contacting the test. Two finishes of the curl were associated with ENA (E50063A) utilizing a connector and 
radio frequency (RF) links. The ENA sources the microwave capacity to the copper strip and measures the 
reflected capacity to a similar port. An electromagnet was utilized to glide dc attractive field (Hdc). Attractive 
field reliance of microwave power retention has been estimated as far as S11 dissipating boundary of the EM 
wave reflected from the heap upon change in microwave property of the example by clearing dc attractive 
field. The ENA estimates the extent of the S11 boundary concerning decibels (dB). Field subordinate of 
microwave power ingestion (dP/dH) as a component of attractive field at RT can be found. 

Results and Discussion 

X-ray Diffraction (XRD) 

XRD designs for barium ferrite and nickel Zinc ferrite polycrystalline examples show translucent tops 
because of the presence of ferrite [23]. Moreover, single phase formation of samples is also evident. The 
XRD patterns were indexed and presented in the Figure 2(a & b).  

The Average grain size found to be less than 100 nm, calculated using Debye – Scherrer’s equation given 
below [24] 

D = 0.9 λ / β Cosθ          

Equation 1 

Where ‘λ’ is wave length of X- ray beam = 1.5406 A°, ‘β’ is full width at half maxima, ‘θ’ is Bragg’s 
inclination 

Figure 2.  X ray diffraction pattern of (a) Barium ferrite (b) Nickel zinc ferrite 

Scanning Electron Microscopy (SEM) 

Figure 3(a & b) shows SEM images of prepared Barium ferrite and Nickel zinc ferrite samples. The particles 
are unpredictable in shape with conservative course of action. In certain particles agglomerates are 
additionally noticed [25]. It tends to be seen in pictures that the typical grain sizes of the samples are 
approximately 60 - 80 nm. 
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Figure 3.  SEM images of (a)Barium Ferrite and (b)Nickle Zinc ferrite 

 

Energy Dispersive X-Ray Spectroscopy (EDS) 

 This study was also carried out to better understand the element distribution in the samples as shown in 
Figure 4 (a & b). Table 1&2 demonstrates the elemental percentage of each element confirming its 
presence.  

 

Figure 4.  EDS of(a)Barium Ferrite and (b)Nickle Zinc ferrite 

Table 1. Weight and atomic percentages of Barium ferrite from EDS analysis 

 
Element  Weight (%)  Atomic (%)  

Barium  15.25  4.07  

Iron  60.10  39.46  

Oxygen  24.64  56.47  
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Table 2. Weight and atomic percentages of Nickel zinc ferrite from EDS analysis 

 
Element  Weight (%)  Atomic (%)  

Nickel  19.00  11.81  

Zinc  13.36  7.46  

Iron  45.19  29.53  

Oxygen  22.45  51.20  
 

Magnetic Studies (VSM) 

Magnetic parameters for samples were found by utilizing a vibrating sample magnetometer at room 
temperature at a most extreme applied field of 20KOe. Figure 5(a &b) shows the magnetic hysteresis curves 
of Barium ferrite and Nickel zinc ferrite with given magnetic field at RT. Saturation magnetisation, 
remanence magnetisation and coercivity were determined from the hysteresis loop and were found to be 
30.61emu/gm, 16.16 emu/gm and 623.04 KOe, respectively for Barium ferrite and 17.5 emu/gm, 3.19 
emu/gm and 0.794 KOe for nickel zinc ferrite. The hysteresis plots are utilized to check the distinction 
between soft magnetic materials and the hard magnetic materials [26]. For a hard magnetic material, the 
region inside the hysteresis circle ought to be enormous on the grounds that it addresses how much helpful 
attractive energy that can be made accessible to take care of business. However, 

 

Figure 5. Magnetic hysteresis loops of (a) Barium ferrite and (b) Nickel zinc ferrite at room temperature 

 

for a soft magnetic material, it addresses unfortunate center flaws. Materials having properties among hard 
and soft materials are alluded to as semi-hard magnetic materials. 
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Microwave magneto absorption studies (MWMA) 

Ferromagnetism in ferrites is understood to arise from the double exchange interaction between ferrite ions. 
The combined spins of the core and electron in Fe particles assume a huge part in deciding the sample's 
general magnetization. In the setup we used for our measurements, the microwave (MW) traveling through 
strip loop generates a magnetic field (Hfield) along the coil's axis and consequently through the sample. The 
MW magnetic field (Hfield) and direct  

 

 

 

 

   

Figure 6.  dP/dH of (a) Barium ferrite and (b) Nickel zinc ferrite 

 

current magnetic field (Hdc) applied will be perpendicular to one another. Consequently, the magnetization 
experiences a precessional motion around the effective magnetic field (Heff), formed by the combination of 
the anisotropy field (Hf) and Hdc. A full retention happens at the point when the recurrence of the MW 
attractive field coordinates with the recurrence of charge accuracy. This occurence is called FMR of a 
ferromagnetic sample [27]. When the system is in resonance, the ferromagnetic sample absorbs the highest 
amount of power from the microwave (MW) field. We conducted measurements of broadband ferromagnetic 
resonance (FMR) spectra over a range of frequencies (f = 1−18 GHz) at specific direct current magnetic field 
strengths [28-34]. Additionally, we gathered dP/dH spectra, varying the direct current magnetic field for 
specific frequencies within the ferromagnetic regions. Previous studies have indicated that the broadening of 
the ferromagnetic resonance (FMR) line happens at low frequencies because of nonuniform magnetization 
circulation or spatial inhomogeneities in the magnetic properties, other than field vacillations and attractive 
clamor. Plots are displayed in Figure 5(a & b).  

Conclusion 

The investigations were performed on polycrystalline samples of Barium ferrite and Nickel zinc ferrite 
prepared via Solid state reaction method.  Samples were portrayed morphologically by X-ray beam 
diffraction spectra and Examining electron microscopy. Single phase of respective samples was affirmed by 
XRD. The particles are unpredictable in shape with smaller course of action. XRD allowed us to determine 
the crystalline structure, and SEM provided critical information on surface features, validating a 
comprehensive characterization.The presence of an attractive hysteresis circle at room temperature fills in as 
affirmation of the presence of attractive requesting in this sample at ambient conditions. During the 
application of the strip-coil method for magneto absorption studies, it was ensured that the resonant 
frequency of the empty coil was distinct from the frequencies under investigation. Consequently, this method 
proves to be effective for exploring magnetization dynamics, not only in insulators as demonstrated 
previously but also in conducting materials. The substantial changes observed in the samples could hold 
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considerable importance for sensor applications. To adress future research, ferrite materials with improved 
magnetic properties, such as higher anisotropy fields or enhanced magnetic moments can be investigated and 
also sample preparation methods to produce high-quality, single-phase ferrite samples can be considered. 
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