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Abstract 

An M-type strontium hexaferrite (SrFe12O19) powder is 

synthesized using chemical method of co- precipitation. The 

synthesized material is calcined at a temperature of 8000C for a 

period of 4 hrs. The green pellets were then exposed to sintering 

temperature of 12000C for dielectric characterization. The 

pattern of XRD analysis of sample confirms the hexagonal 

formation of nano-structured samples. An increase in the 

saturation magnetization values was continuously observed 

with the increase in terbium ion concentration. However, the 

coercivity initially decreases and then increases with dopant 

concentration. The dielectric constant, dielectric loss and loss 

tangent was also observed after the heat treatment to the 

sample. It was conferred that exhibiting these qualities, the 

synthesized nanomaterials may be considered beneficial for 

recording media, applications in radio and millimeter wave 

frequency and permanent magnets. 

Keywords: Strontium nanohexaferrite, saturation 

magnetization, relative permittivity, dielectric losses, 

coercivity, loss tangent.  

 

INTRODUCTION 

The use of technology began with the transformation of natural 

resources into simple and smart tools. The prehistoric 

discovery of magnetic material in the form of lodestone [Ali et 

al 2013], and the later developments in Ferromagnetic 

materials set the stage for the development of microwave ferrite 

devices. Studies done at Phillips Laboratories in the 

Netherlands by Snoek and group led to magnetic materials with 

intense magnetic properties, giant electrical resistivity, and low 

losses [Ghasemi, 2016][Li et al]. There has been tremendous 

interest in advance and new applications of hexaferrite in the 

last decade. This particularly targeted electronic devices for 

WMC (wireless and mobile communications), for EMI and 

EMC, electromagnetic wave absorbers, Radar absorbing 

materials for stealth technologies and composite materials for 

advance technological applications [Cheng Yankui and Xiaohu 

Ren 2016]. The development of nano fibers, fiber orientation 

and alignment effects in hexaferrite, fibre composites with 

carbon nanotubes (CNT), lead to the interest of many 

researchers in nanotechnology. For electronic application bulk 

ferrites always remained the first preference as a magnetic 

material for various applications but recently nanomaterial in 

ferrites have emerged as a strong contender in this field of 

electronic applications.  Many researchers presented the 

applications of nano-ferrites in range of radio and  microwave 

frequencies through their research [McCloy 2013] [Sharbati 

2013]. In order to use nanomaterial’s for applications talked 

about by various research groups, a thorough characterization 

of these materials is required. Thus the knowledge of internal 

attributes is prerequisite to understand the behavior of these 

materials and thus enabling them to be used at higher 

frequencies. The property of materials depends mostly on 

composition of the sample, the operating frequency, 

distribution of substituted cations and size of the particle 

[Nabiyouni 2016] [Nikzad, 2016]. Physical properties of 

nanoparticles are also affected significantly by method of 

preparation [Barrera and I Betancourt 2013]. Strontium 

hexaferrite has found demanding and competitive application 

with changing technology. This is due to the favorable 

combination of adequate high magnetic properties, superb 

physical and chemical stability, low production cost, easy 

availability of raw materials and comparable high Curie 

temperature [Kim 2016]. In the present work terbium is used as 

a dopant as other research groups minimally studied it. As the 

research work in the paper focus on hexagonal ferrites. Further 

classification of hexagonal ferrite is done below: Me represent 

a divalent ion such as magnesium, zinc, cobalt and manganese: 

 SrFe12O19 (M type strontium hexaferrite) 

 (Sr2Me2Fe12O22) Y-type ferrites 

 (SrMe2Fe16O27 ) W-type ferrite 

 (Sr2Me2Fe28O46 ) X-type ferrites 

 (Sr4Me2Fe36O60 ) U-type ferrites 

The main aim behind this research is to acquire the pure 

strontium hexaferrite (SrFe12O19) phase. The material after 

palletizing is given a heat treatment at a temperature (t = 

12000C) hold for duration of 30 minutes in the furnace. The 

morphological, electrical and magnetic properties were studied 

for material synthesized by chemical co precipitation 

technique. In this paper the nomenclature used for pure 

strontium hexaferrite is SrM. 
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SYNTHESIS 

The properties of the synthesized material depend upon method 

and condition of preparation of terbium doped strontium 

hexaferrite. In the present research the synthesis of ferrite 

having compositional formula TbxSr1-xFe12O19 with (x = 0% - 

10 % @ 2%) is synthesized using wet chemical method of co-

precipitation. Terbium doped strontium hexaferrite was 

successfully prepared at Nano Material Research Laboratory of 

Chitkara University. All the precursors used in the synthesis 

were of analytical grade chlorides. All the salts of Ferric 

Chloride (FeCl3), Terbium Chloride (TbCl3) and Strontium 

Chloride (SrCl2) were dissolved in deionized water as per the 

stoichiometry and stirred for 1 hour on a IMLH magnetic stirrer 

of Remi make. An alkaline solution of 10 M NaOH was added 

drop-by-drop to this salt solution while the pH was checked 

continuously and the stirring was kept sustained.  

The homogeneity of the mixture was maintained throughout by 

continuous stirring. When the value of pH was achieved 12, 

turning the valve in off state stopped the titration of NaOH. At 

this point, dark brown precipitates were formed. The mixture 

was allowed to age, which after filtration was washed 10 times 

using de-ionized water and It was lastly washed with ethanol to 

remove excess amount of chlorine and other by-products. 

Washed precipitates were then dried in hot air oven (Universal 

itherm A1-7981) at a temperature of 100°C for 24 hrs in order 

to properly removes the water content from it. The dried 

remains of the synthesized samples were then grinded in motor 

and pastel to transform them in fine powder form. For terbium 

doped nano hexaferrite, a similar synthesis route was followed 

in which the percentage of terbium doped in the mixture was 

varied from 2 to 10 percent with a step size of 2%. Terbium 

Chloride (TbCl3) was used as an additional reagent for doping.  

The obtained samples were then grinded into fine powder. All 

the six samples were calcined at 8000 C for 4 hours in muffle 

furnace (Navyug India NIC-4000). The entire process of 

synthesis is shown in figure 1. The formation of strontium 

hexaferrite is confirmed from spectroscopic studies of FTIR 

(Fourier Transform infrared) pattern. The analysis of the 

structure was done using X-Ray diffractrometer of XPERT –

PRO. VSM results were used to study magnetic characteristics 

of the samples. Before investigating electrical properties using 

a two-probe method the sample was pelletized in the form of a 

disk with diameter 6 mm and thickness 2 mm. In order to give 

strength they were sintered temperature of 12000C obtained at 

a rate of 60C / sec and for a holding time of 30 min. Variation 

in loss tangent was also investigated using a vector network 

analyzer.  

 

 

 

Figure 1. Stages showing the process of synthesis in real time at NRL of Chitkara University. 

 

RESULTS AND DISCUSSION 

Structural Characterization 

The presence of the major peaks shown in figure 2 with hlk 

values 110, 008, 107, 114, 203, 205, 217, and 220 confirms the 

hexagonal structure of Tb substituted  
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Figure 2. XRD patterns for pure and terbium doped strontium 

hexaferrite (2%, 4%, 6%,8% and 10%) 

 

They are in agreement with JCPDS pattern with reference code 

33-1340. These XRD results accustomed the promising 

substitution of Tb ions in place Sr ions on interstitial sites of 

SrFe12O19 lattice as no other peak was detected. The particle 

size was calculated using Deber's Scherrer equation and is 

tabulated in table 1. The pure and doped strontium hexaferrite 

heat treated at 8000C was investigated using X-ray 

diffractrometer technique. The diffraction pattern for all the 

sample is shown in figure 1. As the analysis reveals that the 

substituted compound has almost same pattern as that of pure 

form.  Table 1 gives the calculated crystallite size of the 

particles, which shows two types of changes one is that the size 

of the terbium doped samples increases in comparison to the 

pure strontium hexaferrite nanoparticles. This can be because 

the atomic size of terbium is more than that of strontium ions. 

The second observation was that with increase in dopant 

concentration the particle size decrease. This is because of the 

Vegard's law where the lattice parameter varies linearly (either 

increases or decreases, depending upon difference in radii. 

From the XRD graphs the observations were used to calculated 

particle size as shown in table 1 with the position of major peak, 

which is in coordination with already existing literature.  

Table 1: Size of the strontium hexaferrite particles 

Sample name 2θ FWHM Calculated 

crystallite 

size (nm) 

SrM Pure 33.32 0.1883 49 

TbSrM (2%) 33.89 0.0966 90 

TbSrM (4%) 33.21 0.1024 83 

TbSrM (6%) 33.47 0.1363 64 

TbSrM (8%) 33.65 0.1961 58 

TbSrM (10%) 33.81 0.1742 52 

 

FTIR Spectroscopy 

FTIR spectroscopy is a characterization tool with the help of 

which we can know about the presence of functional group 

which are the residue of the precursors utilized during 

synthesis. In order to determine ferrite formation of the samples 

FTIR studies were done. FTIR spectrums of both samples i.e 

with Terbium ions and without terbium doping were 

successfully achieved for a range of 4000 - 400 cm-1 (wave 

number). The sample powder was mixed with potassium 

bromide powder, then treated to infrared radiations and was 

pelletized in order to record the FTIR spectra using Bruker’s 

FTIR spectrometer. In the figure 2 & 3, the characteristic 

intense peaks can be seen.  

It was observed from figure 3 & figure 4 that the transmittance 

in nano hexaferrite sample decreases with the absorption of 

fringing field by the ferrite. The FTIR spectroscopy pattern of 

SrM power is represented in figure. 3. The result exhibits three 

impressive transmittance peaks of strontium hexaferrite at ~ 

410 cm-1, 481 cm-1 and 545 cm-1 which are in line with the work 

published by other researchers [Belous, 2014]. The spectrums 

show the hydroxyl at about 3420 cm-1. The peaks at wavelength 

less than 650 cm−1 are also due to the iron oxide. It is noticeable 

that in sample of pure and doped strontium hexaferrite. The 

results in figure 3 showed that transmittance occurs at 586cm-

1, 437 cm-1 and 424 cm-1 which accord to distinctive M-O bonds 

of SrFe12O19. It also shows that the transmission peaks falls 

with the addition of terbium ion in the SrM thus stating 

absorption.  

 

 

Figure 3: FTIR-spectrum of pure strontium hexaferrite 

powder 
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Figure 4: FTIR –Spectrum of terbium doped strontium 

hexaferrite 

 

MAGNETIC PROPERTIES 

The magnetic properties changed appreciably on substitution of 

terbium ions in pure SrM (strontium hexaferrite). The 

maximum value of coercivity is observed 5004 Oe in case of 

pure material. 

 

 

Figure 5:  Hysteresis loop showing the relation between M & 

H for strontium hexaferrite powder. 

 

 

Figure 6:  Hysteresis loop showing the relation between M & 

H for terbium substitution (2% (B), 4% (C) , 8% (E) & 

10%(D) 

The remenance and saturation magnetization increases with 

increase in substitution of terbium ion as can be seen from 

Table 2 giving the values of Ms, Hc, Mr at all concentration 

levels. The nano-sized particles have almost same XRD 

pattern, which shows that they keep the same crystalline 

structure. This confers that this change in magnetic property is 

not because of change in crystal structure but because of 

domain size of hexagonal ferrites. The maximum limit for 

single magnetic domain should have a size of 100 nm 

[Ebrahimi, 1999]. The ferrite particle with a size less than 

single domain size will tend to lower ferromagnetic resonance 

frequency. The entire particle with internal magnetization 

comparable to the limit of single domain gets aligned and 

reduces the system energy to its minimum value 

[Yakuphanoglu, 2014]. The improved saturation magnetization 

and better coercivity in comparison to other works [Park, 2016] 

makes these hexagonal ferrites as a competent material in 

magnetic devices and electromagnetic wave absorption 

material. 

 

Table 2: Magnetic parameters of strontium hexaferrite 

particles calculated from hysteresis loop 

Sample Mr 

(emu /g) 

Hc (Oe) Ms 

(emu /g) 

Pure SrM 12 5005 23 

Tb0.02SrM 8 2908 16 

Tb0.04SrM 12 3202 20 

Tb0.06SrM 18 3897 28 

Tb0.08SrM 21 4829 32 

Tb0.10SrM 24 4998 42 

 

Magnetic properties changed appreciable after substitution of 

Tb ions in pure SrM. The remenance decreases to a great extent 

on addition of Tb ions till a concentration of 4% while the 

coercivity changes slightly. There is significant decrease in 

curve slope. Also as can be observed from figure 5 and figure 

6 the magnetization hysteresis loops of Sr1-xTbxFe12O19 the 

saturation magnetization and remanence increases at higher 

concentrations of terbium ions. The magnetization curve of the 

SrFe12O19 (x = 0.2 - 1) shows ferromagnetic properties 

saturated under a field of 15 KOe. It also indicates remanent 

magnetization (Mr) and saturation magnetization (Ms) 

approaches to 24 emu/g and 42 emu/g respectively. With the 

initial increase in Tb ions level the Ms and Mr decreases is also 

reported by Chawla in his findings [Chawla, 2015]. When x = 

.02, the Ms and Mr drop down to 9 and 4 emu/g. respectively 

as indicated in figure 6. This indicates that with the lower 

concentration of terbium ions substitution reduces the magnetic 

property as doped ions occupy ferromagnetically ordered 

tetrahedral & octahedral sites to weaken spin interactions [Jian, 

2014] 

 

DIELECTRIC PROPERTIES 

In order to analyze the dielectric properties the powder was 

compressed under a pressure of 10KPa to transfer it into 
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circular disc of 6mm diameter. These green pellets were then 

heat treated at a temperature of 12000C and were further 

prepared for the dielectric analysis using Hioki LCR hitester. 

Figure 7 shows the change in dielectric constant (Ɛ’) with 

respect to change in the applied radio frequency to the pellet. 

The value of dielectric constant (Ɛ’) tends to decrease as the 

frequency approaches high frequency zone. The pattern remain 

same in case of all dopant concentration levels (2%-10%) but 

as the frequency crosses the limit of 10K the dielectric constant 

becomes independent of frequency for samples with 2%, 4% 

and 6% terbium concentration. Occurrence of high values of 

dielectric constant at initial frequency may be because of grain 

boundary defects, interfacial dislocation, voids etc 

[Poorbafrani, 2012] [Torkian, 2016]. The value of the dielectric 

constant falls sharply at lower frequencies in comparison to the 

higher frequencies and the response remained almost constant. 

As per the normal ferromagnetic behavior the sample showed 

decrease in ferromagnetic behavior with increase in applied 

field to ferrites. In a dielectric material the charge transporters 

set aside a limited opportunity to adjust parallel to an applied 

ac field. On the off chance that the frequency of the connected 

ac field is further increased beyond a defined value the space 

charge carriers become incapable of following the field, thus 

the carriers ends up following to applied field leading to a phase 

lag between the two [Costa, 2010]. 

This results in a decrease of DC (dielectric constant) of as 

synthesized nanomaterial. According to the Maxwell and 

Wagner’s two-layer model [Hussain, 2011] [Martirosyan, 

2002] [Feng, Quanyuan, 2006] the inhomogeneity in the 

dielectric structure of the nanomaterial is because of the space 

charge polarization. The polarization is determined by the 

exchange of electrons between Fe2+ & Fe3+ions, which causes 

the drift of electrons in the direction of applied ac field. 

 

 

Figure 7: Dielectric constant Vs change in frequency of pure 

and terbium doped strontium hexaferrite 

 

 

Figure 8: Dielectric loss Vs change in frequency of pure    

and terbium doped strontium hexaferrite 

 

As can be observed from figure 8 that the dielectric loss 

decreases with the increase in frequency. At high frequency 

dielectric loss is majorly due to reaction of defected dipole to 

the applied external field. The dipole in ferrite is because of 

heat treatment that was given to ferrite while sintering at a temp 

of 12000C. During that process the change of cation sate occurs 

that is Fe3+ to Fe2+ and thus relaxation of dipole tend to decrease 

with increase in frequency. Thus resulting in reduced dielectric 

loss [Ghasemi, 2009]. Further from figure 9 it was analyzed and 

inferred that the loss tangent shows different variation in case 

of different dopant concentrations. 

 

 

Figure 9: Loss tangent with respect to change in frequency of 

pure and terbium doped strontium hexaferrite 

 

CONCLUSION 

Nanostructure strontium hexaferrite with substitution of 

terbium for a concentration of 2%, 4%, 6%, 8%, 10% has been 

successfully synthesized by wet chemical method. The as 

prepared powder was first heat –treated (calcination) at a 

temperature of 8000C and then sintered at 12000C for a holding 
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time of 30 minute.  XRD pattern revealed that the particle is 

nano in size and hexagonal magneto plumbite in structure. The 

magnetic properties like saturation magnetization Ms and 

coercivity Hc varied from 23 emu/g to 47emu/g and 5004 to 

3225 respectively. Furthermore the value of dielectric constant 

and loss tangent decreases sharply on increasing the frequency 

beyond 10 KHz. Also it is observed from the dielectric 

properties that the samples with dopant concentration 2% -6% 

behave alike while sample with concentration level 8% -10% 

behave alike. Also it is observed that as the value of the 

increased frequency tend to approach radio limit the electrical 

properties become almost independent of frequency. Thus the 

present investigation shows that terbium substituted strontium 

hexaferrite are suitable candidate to participate in the league of 

electromagnetic wave absorbing materials while the one with 

concentration level 8%-10% can be studied further at higher 

frequencies for their usage in high frequency domain. 
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