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Abstract. Ferrites, which are ceramic compounds or mixed crystals of different 

metallic oxides (Fe2O3) and are thought to be made up of cations occupying the spaces 

between oxygen ions in a close-packed structure. They are classified into two main types 

based on their magnetic properties: hard ferrites, that possesses high coercivity and soft 

ferrite, whose coercivity varies very low. They are classified into four different types 

according to their crystalline structure: spinel ferrites, garnet ferrites, hexaferrites, and 

orthoferrites. Each group represents a different manner in which atoms are arranged in 

the crystal lattice. Hexaferrite is a special class in which Y-type ferrites have the chemical 

formula Ba2Me2Fe12O22. In this formula, the symbol “Me” represents a metal ion with a 

+2 charge. This can be zinc (Zn+2), nickel (Ni+2), cobalt (Co+2), or magnesium (Mg+2).

Recent research has focused on containing various combinations of divalent and trivalent 

ions into Y-type hexaferrites, aiming to manipulate their crystal structure and enhance 

their electrical and magnetic properties, specifically targeting saturation magnetization 

and coercivity. Y-type ferrites are gaining importance in both scientific research and 

practical applications due to their exceptional dielectric loss characteristics and 

conductivity properties. These materials are increasingly utilized in various technological 

fields, including electromagnetic interference (EMI) shielding, microwave absorption, 

and applications in defense and aerospace industries. This study provides an in-depth 

examination of Y-type ferrites, exploring their synthesis methods, structural 

characteristics, and magnetic and dielectric properties.
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1 Introduction. Modern communications systems, such as mobile phones 

and radar technology, depend on ferrite materials for their proper operation. 

These materials play a crucial role in enabling these technologies to function 

effectively. However, manufacturers are facing significant challenges in 

adapting these materials for miniaturized electronics. Scientific studies show 

that ferrites play an important role in modern communication systems, 

characterized by the extraordinary ability to behave like electrical insulators 

and at the same time perform signal transmission for magnetic signals [1]. As 

the demand for wireless communication devices increases, the researcher‘s 

approach for Y-type hexaferrites focuses on more cost-efficient and minimal 

temperature requirements compared to other hexagonal ferrite techniques to 

drive technological advancement. Magnetite (Fe3O4), which contains Fe
+3

 ions, 

is a type of iron oxide that belongs to the ferrite family of materials. They 

exhibit both ferromagnetic behavior and electrical insulation properties. 

Ferrites are the type of materials that belong to the category of hexagonal 

ferrites due to their hexagonal structure, while there are different ferrite 

structures such as spinel‘s and garnets. Among these hexagonal ferrites is 

particularly important for advanced technological applications. Research 

conducted over many decades has discovered numerous distinct properties 

exhibited among the different classes of hexagonal ferrites. Hexaferrites exist 

in several different types, each having a unique formula: Y-type with the 

formula Ba2Me2Fe12O22, M-type composed of BaFe12O19, U-type structured as 

Ba4Me2Fe36O60, W-type made up of BaMe2Fe16O27, X-type with the formula 

Ba2Me2Fe28O46, and Z-type consisting of Ba3Me2Fe24O41 [2]. In which Y-type 

hexaferrites are the first known ferroxplana materials (i.e., materials whose 

magnetic properties are oriented within a two-dimensional plane) in the 

hexaferrite family. Z-type and Y-type ferroxplana materials are the most 

recognized and research-oriented materials. In these ferrites, magnetization 

naturally occurs along a specific geometric plane (called the basal c-plane or a-

b plane) that is perpendicular to the c-axis. This particular orientation of the 

magnetic easy plane is responsible for their ability to become magnetized 

spontaneously when at room temperature. Y-type hexaferrites have attracted 

significant research interest because their planar magnetic anisotropy results in 

better magnetic permeability in the GHz frequency range compared to 

hexaferrites with uniaxial magnetic anisotropy. The chemical formula of Y-

type ferrite is Ba2Me2Fe12O22, where ―Me‖ can be any of several transition 
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metals with a +2 charge like Ni
+2

, Cu
+2

, Zn
+2

, Mn
+2

, Co
+2 

[3]. Ba2-

xSrxZn2Fe12O22 (BSZFO) Y-type hexagonal ferrite, where x ranges between 0.0 

and 1.5 is specifically investigated by K. Rama Obulesu et al. [4]. Because of 

its strong planar magnetic anisotropy, this material stands out as a significant 

very high frequency and ultra-high frequency soft magnetic material. Because 

of the remarkable magnetic characteristics of Y-type ferrite, it has completely 

changed the technology of millimeter-wave and microwave devices. This 

review article provides several synthesis techniques for Y-type hexaferrite and 

studies the effect on structural, magnetic, microwave, and dielectric properties 

by various divalent metal ions. Y-type hexaferrites are studied for their 

potential in tunable microwave devices due to their ability to change magnetic 

properties under external fields.  

1.1 Crystallite Structure of Y-type ferrite: 

Ferrite‘s basic structure is made up of an interconnected arrangement where 

positively charged metal ions (including Fe
+3

 and Me
+2

) are combined with 

divalent oxygen ions (O
-2

) [5]. Y-type hexaferrites are an important class of 

magnetic materials with a complicated crystal structure. Their crystal system is 

rhombohedral, having a space group of R-3m [6]. The basic structure of Y-

type ferrite is composed of alternating S and T units that together form a six-

layer molecular arrangement. This six-layer pattern is repeated three times to 

make a complete unit cell, resulting in a c-axis that measures 43.56 Å in 

length. The structure of the T block does not have mirror symmetry, and 

therefore, three T blocks are required to properly align the hexagonal and cubic 

closed-packed layers. This arrangement also determines the periodic 

positioning of barium atoms, which repeat their pattern after every three T 

blocks [7]. The Y-type crystal structure is shown below in figure 1 as projected 

along the b axis. Ba
+2

 represents the large green and O
2-

 is indicated by the 

little red spheres. The distribution of Fe
+3

 in octahedral sites, whereas Me
+2

 is 

in tetrahedral sites, is random. Magnetic blocks S and T have collinearly 

aligned Fe
+3

 magnetic moments [8].  
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Figure 1.  Atomic-scale arrangement illustrating the crystalline structure of 

Y-type hexaferrite. [8] 
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1.2 Characteristics of Y-type hexa-ferrite: 

Y-type hexaferrite possesses unique magnetic and electrical properties that 

make it advantageous for many applications. Its crystal structure is defined by 

the R3m space group [9], with specific lattice constants where ‗a‘ is 5.93 Å 

and ‗c‘ is 43.33 Å [4]. They produce considerable magnetic permeability (5.0 

emug
-1

) [10] with lower magnetic losses, mainly favorable at high frequencies. 

High electrical resistivity (5.46 gcm
-3

) [7] also exists for them, which helps to 

suppress the eddy current losses. Hexaferrites tend to offer anisotropic 

magnetic characteristics, which are orientation dependent owing to their crystal 

structure. Although they exhibit only relatively moderate saturation 

magnetization (42 A m
2
 kg

_1
) [7], generally much less than spinel ferrites (50.4 

emug
-1

) [11], they retain Curie temperatures typically in the range of 130°C 

[7], depending on the composition. The ferromagnetic resonance frequencies 

vary significantly between materials: Ba2Zn2Fe12O22 (Zn2Y) shows a range of 

1.1-1.4 GHz at room temperature [12], whereas Sr1.5Ba0.5Zn2Fe12O22 reaches 

9.5 GHz [13]. Another interesting characteristic is their typically low 

magnetostriction, which is advantageous for certain applications. One of their 

most valuable characteristics is that they can be tuneable in magnetic 

properties by modifying their chemical compositions for specific application 

requirements.  

1.3 Applications of Y-type hexa-ferrite: Y-type ferrites find widespread 

applications in various fields such as electronics and telecommunications due 

to their exceptional magnetic properties at high frequencies [14]. These 

multifunctional materials are important for microwave technology, where they 

are commonly employed in circulators, isolators, and phase shifters. Y-type 

ferrites contribute to the development of compact and efficient antennas, 

particularly used in mobile devices [2]. Their ability to suppress 

electromagnetic interference makes them valuable in reducing electronic noise 

in circuits. Y-type ferrites‘ unique properties make them particularly well-

suited for high-density magnetic recording media. Furthermore, because of 

their special magnetic properties, Y-type ferrites are used in a variety of radar 

components. Lastly, due to their high-frequency performance, they are used in 

some satellite components [6]. The applications of Y-type are shown in figure 

2.  
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Figure 2. Schematic representation of the diverse applications of Y-type 

hexaferrite. 

 2. Synthesis of Y-type ferrite: The Y-type ferrite typically forms at tempera-

tures ranging from 900 to 1200°C, which is the lowest temperature range nec-

essary for its synthesis [6]. Various chemical methods that are employed for 

the synthesis of Y-type hexagonal ferrites, such as sol-gel combustion [6], co-

precipitation [8], hydrothermal [9], solid-state synthesis [5], micro-emulsion 

[15],  and reverse micro-emulsion [6] methods. Many researchers have utilized 

these methods to produce Y-type hexaferrite for a wide range of applications 

[6]. Xiaozhi Zhang and Jincang Zhang prepared polycrystalline 

Ba2Fe2
+2

Fe12
+3

O22 (Fe2Y) samples in which both Fe
+2

 and Fe
+3

 were synthe-

sized through sintering and calcination processes conducted in the presence of 

nitrogen via the solid-state reaction method then magnetic properties were ex-

amined [16]. Charalampos A. Stergiou et al. [17] prepared Y-type hexagonal 

ferrites with the composition BaSrCo2-xNixFe12O22 using the solid-state meth-

od. Their goal was to improve the electromagnetic properties for high-

frequency application of magnetic ceramic materials. They modify Y-type 

hexaferrites through doping to enhance both their magnetic and microwave 
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properties, making them suitable for high-frequency applications. Using the 

sol-gel method, Odeh et al. [10] produced a series of single-phase Co2Y bari-

um hexaferrite where zinc was substituted i.e., Ba2Co2-xZnxFe12O22.The re-

search showed that adding more zinc content enhanced magnetic saturation 

while reducing coercivity. This result opened up new ways for further investi-

gation into the material‘s dielectric properties. Among various techniques, the 

sol-gel auto-combustion method stands out for its unique features, such as its 

simplicity, affordability, and ability to produce highly reactive nanopowders. 

2.1 Sol-Gel Method: 

In a sol-gel auto-combustion method, a homogenous solution of nitrates of 

metal is prepared with the help of citric acid as a fueling agent. The pH is ad-

justed by adding ammonia, leading to the formation of a sol that develops a 

gel-like structure as the water evaporates. Citric acid acts as a chelating agent, 

and when the nitrate-citrate gel is burned in air, it undergoes self-propagating 

combustion. This process produces a loose powder, which is then calcined at 

1100 °C for 4-5 hours, heating at a rate of 10 °C/min, ultimately yielding pure 

Y-type hexagonal ferrite [6][5][10]. The sol-gel technique offers several bene-

fits, including a lower annealing temperature and exceptional control over the 

microstructure [5].  

2.2 Co-precipitation Method: 

Since the 1960s, the chemical co-precipitation technique required mixing metal 

nitrates in specific molar ratios with deionized water. The mixture is heated to 

70°C and stirred magnetically for 15 minutes to create a homogenous solution. 

A base (NaOH) is then added dropwise until the pH reaches 11. The solution is 

further heated to 100 °C, used for 2 hours, and left to age at room temperature 

with continuous stirring for 24 hours. The particles are purified by centrifuga-

tion using a 1:1 mixture of methanol-acetone solution and deionized water as 

washing agents. The particles are then desiccated at 80 °C for 24 hours in an 

oven. Finally, they are calcined at 950 °C for 4 hours and allowed to cool to 

room temperature in the furnace. This process yields single-phase Y-type hex-

aferrite nanoparticles [6][8]. 
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2.3 Hydrothermal Method: 

In this hydrothermal technique, the presence of NaOH or KOH (as the base), 

along with nitrates, hydroxides, and Fe:Ba ratios, is essential to facilitate the 

co-precipitation of metal nitrates in an aqueous solution. The autoclave heat 

treats the mixture at temperatures of 150°C and 290°C.The obtained metal pre-

cipitates are filtered out and washed to remove impurities, followed by drying 

the particles. The final step involves sintering the dried powder at temperatures 

between 110°C and 200°C [9]. For the hydrothermal process, the interest has 

been growing for about 15 years by researchers and scientists [9]. This tech-

nique is a synthesis that creates materials in a liquid environment under con-

trolled conditions of elevated pressure and temperature. Its benefits include the 

ability to control shape formation, energy efficiency, and less pollution during 

synthesis [6]. 

2.4 Solid State Method: 

The conventional solid-state reaction method is the easiest and most cost-

effective. Precursors, namely carbonates (BaCO3, SrCO3) and oxides (Fe2O3, 

Co2O3, NiO), are first mixed wet for 12 hours. The mixtures were subjected to 

calcination at 1100°C for 4 hours [5][17]. After the reaction process, the pow-

der was ground, a process that may introduce contamination and defects in the 

crystal structure and has the potential to alter its magnetic characteristics [5]. 

2.5 Micro-emulsion Method: 

In this method, the metallic salts in specific molar concentrations were mixed 

together in deionized water [6]. A surfactant, CTAB (cetyltrimethylammonium 

bromide), was introduced to a metal solution in a ratio of 1:15 (metals to 

CTAB), which was further magnetically stirred until the solution became clear. 

Now, ammonia solution as a precipitating agent was added gradually. After 

that, the precipitates are cleaned with methanol and dried at 150 °C. Finally, 

annealing is performed in a furnace at 1050 °C for a duration of 8 hours 

[6][18]. The micro-emulsion technique is a highly flexible approach for the 

preparation of nanoparticles, providing fine-tuned control over properties such 
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as particle size, shape, and uniformity. Microemulsions have a wide range of 

uses and applications in both biological and chemical and scientific fields. 

2.6 Reverse Micro-emulsion Method: 

The concept of the reverse micro-emulsion method was initially introduced by 

Schulman [19]. This system is a thermodynamically balanced mixture com-

posed of oil, water, and surfactant, and in some cases, a co-surfactant. The 

term ―reverse‖ in this describes a specific arrangement of the micro-emulsion 

component, consisting of water droplets suspended within oil (w/o) using mi-

celles, rather than oil droplets suspended in water (o/w) [6]. M. Abdullah Dar 

et al. [20] synthesized Ni0.7Zn0.3Fe2O4 ferrite nanoparticles using the reverse 

micro-emulsion method. In this method, cyclohexane as an oil phase, cetyltri-

methylammonium bromide (CTAB) as the surfactant, and iso-amyl alcohol as 

the co-surfactant were added to an aqueous solution of reactants (5.5 wt%) un-

til it became clear. Two separate micro-emulsions were prepared: one contain-

ing metal nitrates like Fe(NO3)3, Ni(NO3)2, and Zn(NO3)2, and another with 

NaOH as the aqueous phase. These emulsions were mixed at 80°C, maintain-

ing a pH of 9. To complete the reaction, the emulsions were stirred for 2 hours, 

and acetone and isopropanol were added to the solution. The solid product was 

then separated via centrifugation, cleaned, and heated at 100°C for 12 hours to 

yield final nanocrystals.  

3. Properties of Y-type Hexaferrite: 

3.1 Structural properties: 

The X-ray analyzes the crystalline structure of Y-type ferrite, even after the in-

itial sintering process [17], and this analysis was conducted at room tempera-

ture [10]. XRD is used to determine average crystallite size for the samples 

through the Scherrer equation (1):  

D=
   

       
                                                                                                            (1) 
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Where D represents the crystallite size of the material, k is the Scherrer con-

stant (k = 0.94), λ is the wavelength of X-ray radiation used i.e., 1.5405 Å, β 

represents full width and half maximum (measured in radians), and θ is the an-

gle and position of the diffraction peak [21]. 

Y. Alizad Farzin et al. [15] prepared Y-type ferrite doped by both Mg-Ni using 

the sol-gel method. Their XRD patterns show that the Y-type hexaferrite 

formed as the main phase at 950 °C, along with the presence of impurity phas-

es such as α-Fe2O3 and SrO. Sol-gel auto-combustion was used by S.H. 

Mahmood et al. [21] to create Y-type barium ferrites doped with Co. Their re-

sults show temperature-dependent formation of phase in the synthesis of Y-

type hexa-ferrites, emphasizing the importance of high sintering temperatures 

(> 1000 °C) for achieving pure single-phase products. Borislava Georgieva et 

al. [22] synthesized Y-type (Ba0.5Sr1.5Zn2Fe12O22) hexaferrite using two meth-

ods: a modified co-precipitation technique (sonochemistry) and sol-gel auto-

combustion. The structural and magnetic properties of the resulting materials 

were investigated. ZnFe2O4 appears as a secondary phase in the first method of 

XRD analysis, whereas the Y-type hexaferrite structure serves as the main 

phase in all samples. However, the sample prepared through the second meth-

od, i.e., sonochemistry, only displays faint ZnFe2O4 peaks, indicating minimal 

presence of the secondary phase. The sample produced via sonochemistry 

showed stronger and sharper peaks than the sol-gel auto-combustion sample, 

indicating a high degree of crystallinity.  

Some papers emphasizing the influence of ion substitutions on lattice parame-

ters and crystal morphology, such as Y-type (Ba2Co2-xZnxFe12O22) hexaferrite 

prepared by I. Odeh et al. [10] using the sol-gel method, show XRD analysis 

that described the compositional effects on crystal structure in Y-type hexafer-

rite. K. Rama Obulesu et al. [4] investigated the structural, magnetic, and mi-

crowave dielectric characteristics of Zn2Y hexagonal ferrite, synthesized using 

the solid-state reaction technique. X-ray diffraction confirmed that the sample 

crystallizes into a rhombohedral structure by matching the peaks with the 

JCPDS reference data. They revealed the effects of Sr substitution on the crys-

tal structure, lattice parameters, and density of Zn2Y-type hexaferrites, with the 

presence of a secondary ZnFe2O4 phase also noted. Charalampos A. Stergiou et 

al. [17] developed Y-type hexagonal ferrites for use in microwave absorber 
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and antenna applications. They observed difficulties when increasing the nick-

el content and suspected that the impurities were caused by reduced mobility 

of Ba and Sr ions within the nickel-rich hexagonal ferrite structures. A solution 

was implanted to achieve pure Y-type crystal structures. These identifications 

were made using standard JCPDS reference patterns. 

Based on a review of the literature, it is evident that synthesis methods and 

processing conditions play a crucial role in determining the structural proper-

ties and phase formation of Y-type hexaferrites. Techniques such as sol-gel, 

sonochemistry, and solid-state reactions have been widely employed, each of-

fering unique benefits and limitations. Among them, sonochemical synthesis 

tends to yield samples with higher crystallinity and fewer secondary phases 

compared to the sol-gel auto-combustion method. Achieving a pure single-

phase Y-type hexagonal structure typically requires high sintering tempera-

tures (>1000 °C). Ion substitutions—such as Sr, Co, Ni, Mg, and Zn—can sig-

nificantly influence the crystal structure, lattice parameters, and magnetic be-

havior, although they may also promote the formation of secondary phases like 

ZnFe₂O₄ and α-Fe₂O₃. X-ray diffraction (XRD) remains a key characterization 

tool, providing insights into phase purity, structural attributes, and impurity 

phases. Such understanding is essential for optimizing synthesis parameters to 

tailor the material properties for targeted applications, particularly in micro-

wave and antenna technologies. 

3.2 Morphology: 

The scanning electron microscope (SEM) is a highly effective tool within the 

field of electron microscopy. It allows researchers to examine the structure and 

composition of ferrites and devices at extremely small scales, down to the na-

nometer level, providing detailed insights into features with high resolution 

and requiring electrically conductive samples. The information gathered from a 

sample can come from varying depths, spanning from 1 nanometer (when us-

ing Augar electrons) to 5 micrometers (when using characteristic X-rays). 

Samples need to conduct electricity well. If a sample is not electrically conduc-

tive, it must either be coated with a metal layer before being examined [23]. 

Energy Dispersive X-ray Spectroscopy (EDS) complements SEM by identify-
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ing and quantifying elemental composition, detecting elements with atomic 

numbers greater than 3 [24]. 

Morphology refers to the structural properties and external configuration of the 

surface. In the study of Sr2Cu2-xCoxFe12O22 hexaferrite samples produced via 

co-precipitation, Rajshree B. Jotania et al. [8] employed a scanning electron 

microscope (SEM) for detailed analysis. The SEM micrographs revealed a var-

ied array of particle sizes, from micro to nanoscale, with the presence of ag-

glomeration. The researchers observed that the cobalt content had a significant 

impact on both the size of the particle and the overall morphology of the hex-

aferrite samples. G. Murtaza et al. [18] used SEM to determine the morpholo-

gy and particle size of Y-type hexaferrites with varying Nd-Mn substitution 

levels. They observed a transition from clearly defined hexagonal structures to 

more irregular, rounded shapes as substitution levels increased, along with 

homogeneity at higher substitution levels. I. Odeh et al. [10] analyzed SEM of 

Zn-substituted hexaferrite samples, focusing on grain morphology (platelet-

like), size, and structure changes with different levels of Zn substitution in Y-

type. Borislava Georgieva et al. [22] analyze the SEM for the 

Ba0.5Sr1.5Zn2Fe12O22 sample, showing irregular shapes as morphology, and the 

particle size distribution is broad, spanning from 200 to 1000 nanometers. Y-

type barium ferrites synthesized with Co doping, using a sintering temperature 

of 1100 °C for all samples by S.H. Mahmood et al. [25]. They observed that 

the particles exhibited a platelet-like structure. Interestingly, while the sinter-

ing conditions remained constant, they noted that the morphological features of 

the particles varied depending on the degree of Zn substitution for Co in the 

ferrite composition. 

In conclusion, the morphology of Y-type hexaferrites is strongly influenced by 

both the type and concentration of ionic substitutions, as well as the synthesis 

conditions employed. SEM analyses from various studies reveal a broad range 

of particle sizes—from nanometers to micrometers—and diverse morpholo-

gies, including well-defined hexagonal platelets and irregular rounded forms. 

Substitutions such as Co, Nd-Mn, and Zn have been shown to significantly im-

pact particle shape and size, with cobalt notably increasing grain size and Nd-

Mn inducing a shift from hexagonal to rounded structures. Even under identi-

cal sintering conditions, variations in substitution levels, such as replacing Co 
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with Zn, can lead to distinct morphological outcomes. A common observation 

across synthesis methods is the aggregation of particles, with size distributions 

typically ranging from 200 to 1000 nm. These insights underscore the necessity 

of precisely tuning both chemical composition and processing parameters to 

tailor the morphological features of hexaferrites for targeted applications. 

3.3 Magnetic properties of Y-type ferrite: 

The Vibrating Sample Magnetometer analyzes magnetic characteristics across 

various fields and material forms [1]. It can effectively measure various mag-

netic properties such as magnetically soft (easily demagnetized) and hard (re-

sistant to demagnetization) and works with various material forms, including 

solid pieces, powdered samples, single crystals, thin films, and liquid sub-

stances. Hexaferrites, known for their essential magnetic properties, are im-

portant in various technological applications. These materials exhibit ferri-

magnetic behavior, and Y-type hexaferrites demonstrate ferroelectric polariza-

tion under applied magnetic fields due to their spiral magnetic structure. The 

magnetic properties of these materials are basically a direct consequence of 

how their crystals are arranged; in fact, the way they arrange themselves will 

influence their magnetic behavior. The Y-type hexaferrite can be enhanced by 

the substitution of divalent, trivalent, and tetravalent elements in place of Fe
+3

 

ions to achieve desired magnetic properties and also improve performance for 

microwave applications [1]. The magnetic characteristics of a two-phase nano-

composite magnet are influenced by several factors related to its structure, 

such as shape, distribution, and grain size. Additionally, the overall magnetic 

behavior is strongly influenced by two key interactions between the -magnetic 

components- exchange interactions and dipolar interactions [26]. Y-type hex-

agonal ferrites (Sr2Cu2-xCoxFe12O22) were synthesized and characterized, and 

their structural, magnetic, and dielectric characteristics were examined using 

the wet chemical co-precipitation process in a review of the structure of several 

hexaferrite types by Rajshree B. Jotania [8]. They discuss the magnetic proper-

ties of cobalt-doped strontium copper hexa-ferrite and highlight how cobalt 

doping impacts magnetization, leading to a magnetic state transition from fer-

romagnetic to super-paramagnetic. G. Murtaza et al. [18] synthesized a series 

of hexaferrites with Nd and Mn substitutions using the micro-emulsion tech-

nique, which gives clarity of composition and synthesis method of these hex-
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aferrites. They observed high saturation magnetization with low coercivity. I. 

Odeh et al. [10] prepared Y-type hexaferrites with the formula Ba2Co2-

xZnxFe12O22, examining their synthesis, structure, and both dielectric and mag-

netic characteristics using the sol-gel method. They revealed that higher 

amounts of zinc in the material led to an increase in the sample‘s saturation 

magnetization. 

Table 1. Comparison of Magnetic saturation (MS), Coercivity (Hc) and Retentivity 

(Mr) in various ferrites. 

Ferrite 
Sample 

Ms 

(emug
-1

) 

Hc 

(Oe) 

Mr 

(emug
-1

) 
Ref 

Spinels NiFe O  50.4 -- -- [11] 

Ni Zn Fe O  
2 4

6.1 7.9 -- [20] 

Ni Zn Fe O  
0.7 0.3 2 4

31 17 -- [20] 

CoFe2O4 
0.7 0.3 2 4

44.505 89.58 29.95 [27] 

M-Type 
60.175 860 14.60 [28] 

56.94- 630.214- 23.39-

BaFe12O19 

BaC xZrXFe12-2xO19 (x=0-1.0) o
62.44 5428.32 33.44 

[29] 

SrFe12O19 55.73 1.06 K 16.23 [30] 

Y-Type Zn2Y Ba2Zn2Fe12O22 41 8.39 -- [5] 

Ba2Zn2Fe12O22 35.2 45 5.0 [10] 

BaSr Fe12O22 

Ba Sr Zn Fe O

28.8 17.7 -- [5] 

0.5 1.5 2 12

 
38 18 -- [21] 

Co2Y BaSrCo2Fe12O22 
22

32.5 74 -- [17] 

BaSrCoNiFe12O22 25 49 -- [17] 

Ba2Co2Fe12O22 31.1 255 14.3 [10] 

Ba2Co2-

xCuxFe12O22 (x=0.0-

0.8) 

31.7-

27.74 
172-136 

1.88-

2.85 
[14] 

Ba2CoZnFe12O22 38.5 95 10.0 [10] 

Sr2Co2-

Mg Ni Fe O  
55.53 634 19.11 [15] 

Ba2Mg2Fe12O22 
x x/2 x/2 12 22

22.78 31.35 -- [31] 

Ba2Mg2Alx/2Crx/2F

e O  
19.85 16.66 1.20 [32] 

Mg2Y 

Ni2Y 

Cu2Y 

BaSrNi2Fe12O22 

Sr2Cu2 Fe12O22 

12-x 22

21 

60.10 

31 

 

-- 

27.50 

[17] 

[8] 

Fe2Y Ba2ZnxFe2-

Fe O  (x=0.5-2.0) 

35.4-

44.7 
19-46 1.1-3.4 [3] 

Ba2Fe2
+2Fe12

+3O22 
x 12 22

38.5 1k -- [16] 
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Table 1 presents a comparative analysis of the magnetic properties—namely 

saturation magnetization (Ms), coercivity (Hc), and magnetic retentivity 

(Mr)—across three major categories of ferrites: spinel, M-type, and Y-type. 

The saturation magnetization shows notable variation among these categories. 

Spinel ferrites exhibit a wide range from 6.1 to 50.4 emu/g, while M-type fer-

rites demonstrate consistently higher values, ranging from 55.73 to 62.44 

emu/g. Y-type ferrites display the broadest range, with Ms values spanning 

from 19.85 to 60.10 emu/g. This indicates that M-type ferrites generally pos-

sess the highest magnetic saturation, although Y-type ferrites offer considera-

ble variability depending on composition. Coercivity (Hc) trends further dis-

tinguish the ferrite types. Spinel ferrites typically show low coercivity values 

(7.9 to 89.58 Oe), whereas M-type ferrites display a much wider and signifi-

cantly higher range (630.2 to 5428.3 Oe), reflecting their strong magnetic ani-

sotropy. Y-type ferrites fall in an intermediate range, generally between 8.39 

Oe and a few kilo-Oersteds, depending on the substitution and synthesis condi-

tions. In terms of magnetic retentivity (Mr), data for spinel ferrites is limited, 

while M-type ferrites offer more comprehensive values. Y-type ferrites, how-

ever, show restricted retentivity data, with values largely dependent on compo-

sitional modifications. Overall, while spinel ferrites are known for their excel-

lent soft magnetic properties, M-type ferrites stand out in terms of high mag-

netic performance. Y-type ferrites, despite moderate coercivity and saturation 

values, offer greater flexibility through compositional tuning. Notably, ele-

mental substitution emerges as a critical factor that significantly alters the 

magnetic behavior across all ferrite systems, underscoring its importance in 

tailoring materials for specific applications. 

3.4 Microwave properties: 

The Vector Network Analyzer (VNA) examines the frequency responses of 

networks (active and passive) and measures signal power [1], amplitude, and 

phase at frequencies ranging from a few Hz to many GHz, thus making it criti-

cal for radio frequency and microwave engineering applications 

[32].Hexagonal ferrites have attracted considerable attention as materials for 

microwave applications in the frequency of 1- 100 GHz [4]. In 1966, R.A. 

Braden identified Y-type compounds that exhibited the most promising charac-

teristics for microwave applications [33]. A well-known example of this is 
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Mg2Y, referred to as ferroxplana [4]. To study microwave properties, a solid 

understanding of magnetic properties is essential, as they are closely connected 

to the use of ferrites in microwave devices. The resonance properties of the 

material are greatly influenced by its high anisotropy, which is reflected by its 

substantial anisotropy (HA). This strong anisotropic field leads to a weak fer-

romagnetic resonance (FMR) occurring at the unusually high frequency of 5.7 

GHz. It is essential to understand the relationship between anisotropy and res-

onance behavior for evaluating the material sustainability for high-frequency 

and microwave properties. The magnetic properties of Ba2(Ni1-xZnx)2Fe12O22 

ceramic are significantly changed by zinc substitution when compared to pure 

Co2Y. This results in maintaining high permeability while slightly decreasing 

the FMR frequency, which can be useful in some applications, as discussed by 

Robert C. Pullar [34]. Co2Y fibers in composite form are appropriate for mi-

crowave applications because they exhibit multiple resonance peaks and their 

ability to maintain high permeability below resonance. Additionally, Zn2Y ex-

hibits two distinct FMR frequencies, the first of which has high permeability, 

suggesting that it could be used in high-frequency devices or electromagnetic 

wave absorption. They also investigated how the addition of Zn with Cu sig-

nificantly altered the magnetic properties of hexaferrites [1].The change in 

permeability and FMR behavior were explained by changes in the material‘s 

anisotropy and domain wall dynamics, which are crucial factors in determining 

its overall magnetic performance. Also, the sintering temperature affects the 

ferromagnetic resonance behavior, as higher temperatures lead to larger grain 

size. This increase in grain size allowed domain walls to contribute to FMR, 

resulting in more complex resonance patterns with multiple peaks [17]. Ibra-

him Mohammed et al. investigated the significance of remanent magnetization 

in ferrite materials, particularly for their use in microwave devices [1]. Hexag-

onal ferrites offer several advantages in electrical and microwave devices, such 

as the capacity to operate at high frequencies, the removal of conductor losses, 

strong electrical resistivity, and quick domain realignment. Domain realign-

ment has the advantage of minimizing energy losses. They are especially help-

ful in microwave and high-frequency devices because of their increased resis-

tivity and decreased dielectric properties [16]. D. Basandrai et al. gives the re-

lationship between radiation loss, reflection loss, and magnetic properties in 

hexaferrite samples. 
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Where, Z is impedance ratio. 

They investigated the effects of doping and the magnetic properties of the 

hexaferrite on reflection loss analysis, which is evaluated in the X-band fre-

quency range (8-12.3 GHz). For example, materials with higher saturation 

magnetization exhibited lower reflection loss (RL), while those with lower Ms 

had high RL. This is important for applications in electromagnetic wave ab-

sorption or shielding. They obtained a good reflection loss of -37.25 dB, which 

enables the material to be used in microwaves and communication devices 

[32]. Braden et al. [33] suggest that the hexagonal ferrite has a potential appli-

cation in microwave devices operating in the gigahertz range. They obtained 

anisotropy field values ranging from 0 to 40000 Oe, with resonant line widths 

varying between 100 and 1200 Oe. These substances seem to have potential 

technology, particularly for equipment operating at frequencies higher than 10 

GHz. 

From above, we concluded that Y-type hexagonal ferrites are considered to 

be highly suitable for microwave applications because of their unique magnetic 

properties, which include high anisotropy and the ability to operate at high fre-

quencies. Modifications of zinc substitution and adjustment in the sintering 

temperature would significantly affect the ferromagnetic resonance behavior 

and permeability in these materials and improve their performance for certain 

applications. These materials have good resistivity, low dielectric losses, and 

efficient domain realignment, making them suitable for high-frequency appli-

cations. The reflection loss parameters reveal the electromagnetic performance 

of these ferrites. Doping of Y-type hexagonal ferrites indicates potential for 

electromagnetic wave absorption and shielding in the X-band range of 8-12.3 

GHz. Higher magnetic saturation indicates lower reflection loss values, which 

are appropriate for microwave and communication devices.  
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3.5 Dielectric properties: 

To prepare for dielectric and impendence measurements, they were con-

ducted using an LCR Hi-tester at room temperature, spanning a frequency 

range varying from 42 Hz to 5 MHz [35]. 

For hexaferrites to be used in high-frequency applications, especially as in-

tegrated chip components, their dielectric and magnetic characteristics are es-

sential. Permittivity and resistivity are two important properties that are very 

significant. Permittivity, also known as relative permittivity (er) or dielectric 

constant (e), measures a material‘s ability to support an electric field. For most 

applications, both resistivity and permittivity should be high at high frequen-

cies. A researcher examined the impact of cation deficiency on the Y phase 

formation in hexaferrites, specifically in the compound Ba2Zn0.6Co0.6Cu0.8Fe12-

xO22-1.5x. They revealed that in cation-deficient ferrite, resistivity decreases as 

temperature increases, thus limiting charge variation on iron ions. The defi-

ciencies tend to concentrate at grain boundaries, creating a more resistive sur-

face layer, which hinders electrical conduction. However, at high sintering 

temperatures, the number of grain boundaries decreases, reducing the insulat-

ing effect, and the elevated temperature also promotes the formation of Fe
+2

 

ions [7]. Impedance analysis is a technique used to examine several key pa-

rameters, such as the dielectric constant (ɛ´), which reflects the material‘s ca-

pacity to store electromagnetic energy, and dielectric loss (ɛ´´), which indicates 

the dissipation of electromagnetic energy within the material relative to the ap-

plied field, and the dielectric loss tangent (tan δ), which indicates the transfor-

mation of electrical energy into heat. The ɛ´ decreasing with increasing fre-

quency is typical for ferrimagnetic materials. The reduction in ɛ´ indicates en-

ergy dissipation, which signifies dielectric loss (tan δ). The AC electrical con-

ductivity (σAC) exhibits distinct behavior across different frequency ranges, 

such as remaining constant at low and mid-range frequencies and not being in-

fluenced by substitution of Cr
+3

 and Ni
+2

 ions. However, it sharply increases at 

higher frequencies, which is attributed to electronic polarization caused by 

electron hopping between ferrous and ferric ions at the octahedral sites [1]. A 

study examined by Ram Oblu et al. [5] the dielectric constant and dielectric 

loss of Ba2-xSrxZn2Fe12O22 samples in terms of measurement at room tempera-

ture over the frequency range 8.2 to 12.4 GHz. 
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With increasing strontium substitution concentration, the dielectric constant 

increases as the frequency decreases, while dielectric loss rises as the frequen-

cy increases. Their findings revealed that the dielectric constant in ferrites is 

strongly influenced by the presence of Fe
+2

 ions, which are readily formed due 

to the high Fe
+3 

ions. As higher Fe
+3 

concentration leads to an increased dielec-

tric constant. The rise in dielectric constant with Sr
+2

 ion substitution can be at-

tributed to the polarization mechanism in ferrites. The dielectric properties of 

polycrystalline ferrites result from both interfacial polarization and intrinsic 

electric dipole polarization. The intrinsic dipole polarization is caused by elec-

tron hopping between Fe
+2 

and Fe
+3

 at the octahedral sites. Due to smaller 

number of hopping electrons, it lowers the permittivity. The distribution of cat-

ions affects the electronic structure and conductivity of Y-type hexagonal fer-

rite. In Zn2Y ferrite, Sr substitution alters the relative occupation of Zn 
+2

 and 

Fe
+3

, increasing permittivity as Sr content rises. Higher dielectric constant and 

dielectric loss values are found when Sr introduces multivalent states into the 

system, causing electron hopping and polarization flipping. Additionally, die-

lectric loss becomes frequency-dependent with the introduction of Sr in the 

majority of compositions, indicating the start of relaxation behavior. In the X-

band frequency range, there is an increase in both the dielectric constant and 

dielectric loss. Rajshree B. Jotania et al. [8] studied the dielectric constant (ɛ´) 

and found that it decreases as the measurement frequency increases, reflecting 

an inverse relationship between ɛ´ and frequency. This behavior is linked to the 

polarization process in ferrites. The peaks in the tanδ vs. log frequency curve 

can also be explained by the polarization process in ferrites. As reported by I. 

Odeh et al. [10] in 2016, the dielectric measurement revealed that all samples 

exhibit insulating properties, with the alternating current (AC) conductivity de-

creasing as zinc content increases. However, the AC conductivity rose with in-

creasing direct current (DC) bias. This DC bias effect was noticeable in sam-

ples containing less zinc. At a constant applied bias voltage, the real compo-

nent of the dielectric constant showed a significant decrease as frequency in-

creased. Additionally, the activation energy of the prepared samples was found 

to be heavily dependent on the zinc concentration. The dielectric characteris-

tics of all samples were experimentally measured over a temperature range of 

30°C to 100°C and a frequency range from 13 Hz to 1 MHz. 
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Y-type hexaferrites are ideal for high-frequency applications due to their di-

electric and magnetic properties, such as high permittivity and resistivity. High 

permittivity and dielectric loss are influenced by ion substitution. On the other 

hand, due to cation deficiency, AC conductivity rises sharply at higher fre-

quencies, which also affects the resistivity and grain boundary behavior and 

reduces the conduction. The sintering temperature influences dielectric loss, 

which is frequency dependent and crucial for X-band applications.  

4. Conclusion: 

The Y-type hexagonal ferrites (Ba2Me2Fe12O22) combine a rhombohedral R-

3m structure with planar magnetic anisotropy, which yields high magnetic 

permeability (5.0 emug
-1

) and low magnetic loss at gigahertz frequencies. 

Their relatively moderate saturation magnetization (42 A m
2
 kg

-1
) and high 

electrical resistivity (5.46 Ω cm) also inhibit eddy-current losses, making them 

perfect for miniaturised microwave components. A wide variety of synthesis 

methods- including sol-gel auto-combustion, co-precipitation, hydrothermal, 

solid-state, and micro-emulsion techniques which allow precise control of 

phase purity, grain size, and microstructure, all of which play a strong influ-

ence in magnetic and dielectric behaviour. Ionic substitution (e.g., Zn, Co, Ni, 

Sr, Mg) provides a versatile tool tune lattice parameter, increase saturation 

magnetization, vary coercivity, and shift ferromagnetic resonance frequencies 

into the 1-10 GHz. As a result, Y-type ferrites have been successfully applied 

in circulators, isolators, phase shifters, compact antennas, EMI shielding lay-

ers, and high-density magnetic recording media. Their high permeability, low 

dielectric loss, and resistance stability across the X-band also enable their ap-

plication in advanced RF and microwave devices. Future work should focus on 

optimizing synthesis parameters to reduce secondary phases, using multivalent 

dopants for increasing tunability, and integrating these materials in planar 

chip-scale architectures for next generation communication and sensing tech-

nologies.  



   
          A Review on Y-Type Hexagonal Ferrite   23

5. References: 

1  I. Mohammed et al., ―Applied Surface Science Advances Review on Y-type 

hexaferrite : Synthesis , characterization and properties,‖ Appl. Surf. Sci. Adv., vol. 16, 

no. November 2022, p. 100416, 2023, doi: 10.1016/j.apsadv.2023.100416. 

. 

2  V. G. Harris et al., ―Journal of Magnetism and Magnetic Materials Recent advances in 

processing and applications of microwave ferrites,‖ vol. 321, pp. 2035–2047, 2009, doi: 

10.1016/j.jmmm.2009.01.004. 

. 

3  J. You and S. Yoo, ―Magnetic properties of Zn-substituted Y-type hexaferrites, 

Ba2ZnxFe2-xFe12O22,‖ J. Magn. Magn. Mater., 2018, doi: 

10.1016/j.jmmm.2018.09.064. 

. 

4  M. Pardavi-horvath, ―Microwave applications of soft ferrites,‖ vol. 216, pp. 171–183, 

2000. 

. 

5  K. R. Obulesu, T. S. Rao, and K. C. J. Raju, ―Magnetic and microwave dielectric 

properties of Y-type Sr doped Ba2Zn2Fe12O22 hexagonal ferrite,‖ J. Alloys Compd., 

2016, doi: 10.1016/j.jallcom.2016.11.352. 

. 

6  M. Chandel, V. P. Singh, R. Jasrotia, and K. Singha, ―A review on structural , 

electrical and magnetic properties of Y-type hexaferrites synthesized by different 

techniques for antenna applications and microwave absorbing characteristic materials,‖ 

vol. 7, no. May, pp. 244–268, 2020, doi: 10.3934/matersci.2020.3.244. 

. 

7  R. C. Pullar, ―Progress in Materials Science Hexagonal ferrites : A review of the 

synthesis , properties and applications of hexaferrite ceramics,‖ Prog. Mater. Sci., vol. 

57, no. 7, pp. 1191–1334, 2012, doi: 10.1016/j.pmatsci.2012.04.001. 

. 

8  R. B. Jotania and H. S. Virk, ―Y-type Hexaferrites : Structural , Dielectric and 

Magnetic Properties,‖ vol. 189, pp. 209–232, 2012, doi: 

10.4028/www.scientific.net/SSP.189.209. 

. 



   

9  V. P. Singh, R. Jasrotia, R. Kumar, P. Raizada, and S. Thakur, ―A Current Review on 

the Synthesis and Magnetic Properties of M-Type Hexaferrites Material,‖ pp. 36–61, 

2018, doi: 10.4236/wjcmp.2018.82004. 

. 

10  I. Odeh, H. M. El Ghanem, S. H. Mahmood, S. Azzam, I. Bsoul, and A. F. Lehlooh, 

―Dielectric and magnetic properties of Zn-substituted Co2Y barium hexaferrite 

prepared by sol-gel auto combustion method,‖ Phys. B Condens. Matter, vol. 494, pp. 

33–40, 2016, doi: 10.1016/j.physb.2016.04.037. 

. 

11  P. Sivakumar, R. Ramesh, A. Ramanand, S. Ponnusamy, and C. Muthamizhchelvan, 

―Preparation and properties of nickel ferrite ( NiFe 2 O 4 ) nanoparticles via sol – gel 

auto-combustion method,‖ vol. 46, no. 3, pp. 2204–2207, 2011, doi: 

10.1016/j.materresbull.2011.09.010. 

. 

12  J. A. Phys, Y. Liu, I. Zavislyak, H. Qu, T. Zhang, and M. R. Page, ―Nonlinear 

magnetoelectric effects in Y-type hexaferrite microwave resonators Nonlinear 

magnetoelectric effects in Y-type hexaferrite microwave resonators,‖ vol. 113905, no. 

July, 2020, doi: 10.1063/5.0021593. 

. 

13  M. Obol, N. Al-moayed, U. A. Khan, and M. N. Afsar, ―Nonlinear Excitation for 

Magneto-Electric Devices,‖ pp. 1–4. 

. 

14  X. Li, Y. Wang, Q. Liu, C. Wu, and Q. Zeng, ―Structure and magnetic properties of 

CuO-substituted Co 2 Y hexaferrites for high frequency applications,‖ J. Mater. Sci. 

Mater. Electron., vol. 28, no. 2, pp. 2069–2074, 2017, doi: 10.1007/s10854-016-5768-

7. 

. 

15  Y. A. Farzin, O. Mirzaee, and A. Ghasemi, ―Synthesis behavior and magnetic 

properties of Mg-Ni co-doped Y-type hexaferrite prepared by sol-gel auto-combustion 

method,‖ Mater. Chem. Phys., pp. 1–11, 2016, doi: 

10.1016/j.matchemphys.2016.04.082. 

. 

16  X. Zhang and J. Zhang, ―Synthesis and magnetic properties of Ba 2 Fe 14 O 22 Y-

type hexaferrite,‖ Mater. Lett., vol. 269, p. 127642, 2020, doi: 

10.1016/j.matlet.2020.127642. 

. 

24             S. Sharma et al.



   
      

17  C. A. Stergiou and G. Litsardakis, ―Author ‘ s Accepted Manuscript and antenna 

applications Reference :,‖ J. Magn. Magn. Mater., 2015, doi: 

10.1016/j.jmmm.2015.12.027. 

. 

18  G. Murtaza et al., ―Structural and magnetic properties of Nd – Mn substituted Y-type 

hexaferrites synthesized by microemulsion method,‖ J. Alloys Compd., vol. 602, pp. 

122–129, 2014, doi: 10.1016/j.jallcom.2014.02.156. 

. 

19  S. Rongwen, ―As featured in :,‖ 2014, doi: 10.1039/c3nr06025j. . 

20  M. A. Dar, J. Shah, R. K. Kotnala, and S. Á. B. Á, ―Study of structure and magnetic 

properties of Ni – Zn ferrite nano-particles synthesized via co-precipitation and reverse 

micro-emulsion technique,‖ pp. 675–682, 2014, doi: 10.1007/s13204-013-0241-x. 

. 

21  B. Georgieva et al., ―Structural and magnetic characterization of Y-type hexaferrite 

powders prepared by sol-gel auto-combustion and sonochemistry,‖ J. Magn. Magn. 

Mater., vol. 477, no. January, pp. 131–135, 2019, doi: 10.1016/j.jmmm.2019.01.033. 

. 

22  S. H. Mahmood, F. S. Jaradat, A. Lehlooh, and A. Hammoudeh, ―Structural properties 

and hyper fi ne interactions in Co – Zn Y-type hexaferrites prepared by sol – gel 

method,‖ Ceram. Int., vol. 40, no. 4, pp. 5231–5236, 2014, doi: 

10.1016/j.ceramint.2013.10.092. 

. 

23  N. Jumate, I. Chicinas, and G. Batin, ―Applications of scanning electron microscopy 

(sem) in nanotechnology and nanoscience,‖ vol. 49, pp. 955–965, 2004. 

. 

24  P. D. Ngo, ―Energy Dispersive Spectroscopy,‖ 1999. . 

25  S. H. Mahmood, F. S. Jaradat, A. F. Lehlooh, and A. Hammoudeh, ―Structural 

properties and hyperfine interactions in Co-Zn Y-type hexaferrites prepared by sol-gel 

method,‖ Ceram. Int., vol. 40, no. 4, pp. 5231–5236, 2014, doi: 

10.1016/j.ceramint.2013.10.092. 

. 

  25A Review on Y-Type Hexagonal Ferrite     



   

26  D. Roy and P. S. A. Kumar, ―Enhancement of ( B H ) max in a hard-soft-ferrite 

nanocomposite using exchange spring mechanism Enhancement of „ BH … max in a 

hard-soft-ferrite nanocomposite using exchange spring mechanism,‖ vol. 073902, no. 

May 2014, pp. 1–5, 2010, doi: 10.1063/1.3213341. 

. 

27  T. W. Mammo et al., ―Synthesis, structural, dielectric and magnetic properties of 

cobalt ferrite nanomaterial prepared by sol-gel autocombustion technique,‖ Phys. B 

Phys. Condens. Matter, p. 411769, 2019, doi: 10.1016/j.physb.2019.411769. 

. 

28  P. Shepherd, K. K. M. Ã, and R. J. Green, ―Magnetic and structural properties of M-

type barium hexaferrite prepared by co-precipitation,‖ vol. 311, pp. 683–692, 2007, doi: 

10.1016/j.jmmm.2006.08.046. 

. 

29  S. K. Chawla, R. K. Mudsainiyan, S. S. Meena, and S. M. Yusuf, ―Journal of 

Magnetism and Magnetic Materials Sol – gel synthesis , structural and magnetic 

properties of nanoscale M-type barium hexaferrites BaCo x Zr x Fe ( 12 À 2 x ) O 19,‖ 

J. Magn. Magn. Mater., vol. 350, pp. 23–29, 2014, doi: 10.1016/j.jmmm.2013.09.007. 

. 

30  Z. F. Zi, Y. P. Sun, X. B. Zhu, Z. R. Yang, J. M, and W. H. Song, ―Journal of 

Magnetism and Magnetic Materials Structural and magnetic properties of SrFe 12 O 19 

hexaferrite synthesized by a modified chemical co-precipitation method,‖ vol. 320, pp. 

2746–2751, 2008, doi: 10.1016/j.jmmm.2008.06.009. 

. 

31  B. Georgieva et al., ―Characterization of Y-type hexaferrite Ba 2 Mg 2 Fe 12 O 22 

powders,‖ pp. 1–6, 2017. 

. 

32  S. H. Mahmood, A. A. Ghanem, I. Bsoul, B. P. Jacob, S. Thankachan, and S. Xavier, 

―Radiation Losses in the Microwave X Band in Al-Cr Substituted Y-Type Hexaferrites 

Radiation Losses in the Microwave X Band in Al-Cr Substituted Y-Type,‖ pp. 1–5, doi: 

10.1088/0256-307X/34/4/044101. 

. 

33  M. Properties and P. H. Ferrites, ―Microwave Properties of Planar Hexagonal 

Ferrites,‖ vol. M, 1966. 

. 

26             S. Sharma et al.



 

34 R. C. Pullar, ―Progress in Materials Science Hexagonal ferrites : A review of the

synthesis , properties and applications of hexaferrite ceramics,‖ J. Prog. Mater. Sci.,

vol. 57, no. 7, pp. 1191–1334, 2012, doi: 10.1016/j.pmatsci.2012.04.001.

.

35 N. Ahmed, ―Extraordinary high dielectric constant , electrical and magnetic properties

of ferrite nanoparticles at room temperature,‖ 2013, doi: 10.1007/s11051-013-2067-6.

.

27A Review on Y-Type Hexagonal Ferrite

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	A Review on Y-Type Hexagonal Ferrite



