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Abstract 

Soft ferrite (Mn0.4Zn0.6Fe2O4) and hard ferrite (Co0.4Zn0.6Fe2O4) 

nanocomposites (x Mn0.4Zn0.6Fe2O4 + (1-x) Co0.4Zn0.6Fe2O4 

(where x= 0.25, 0.5, 0.75) were prepared with different weight 

percent. Crystal structures and microstructures of these 

composites have been investigated by using X-ray diffraction 

and scanning electron microscope for composite samples 

sintered at 900°C/30 min using microwave sintering technique. 

The effect of composite weight percent on dielectric properties 

of composites are examined over a wide frequency range 

(1MHz-1.8GHz) by studying the real and imaginary part of 

permittivity with available theories.  Investigation show 

variation of mixed ferrites for resistivity and resonating 

frequency.  

Keywords: Ferrites, Microwave sintering, Dielectric 

properties. 

 

INTRODUCTION 

Ferrimagnetic materials allows the fine tuning of the absorbing 

characteristics which are often limited by operating frequency, 

curie temperature, anisotropy of materials, operating 

parameters of ferrites as reported by several researchers [1-3]. 

Auzans et al. [4] have studied properties of Mn–Zn ferrite 

nanoparticles used for ionic and surfaced ferrofluids with 

different degrees of zinc substitution prepared by co-

precipitation method. Chandana Rath et al. [5] have reported 

the dependence of cation distribution of particle size, lattice 

parameter and magnetic properties in nanosize Mn–Zn ferrite 

for different degrees of Zn substitution prepared by 

hydrothermal precipitation method. The ferrites such as Mn-Zn 

ferrites and Co-Zn ferrites contain a high quantity of 

nonmagnetic zinc ions which lowers the Curie temperature and 

moderates the thermo stability used for various applications 

such as transformers, spintronics etc [6-8]. Knowledge of 

electrical properties such as resistivity, dielectric constant and 

dielectric loss is important for processing of elements useful for 

electronic circuits since ferrites play useful role in many areas 

[6]. 

The microwave hydrothermal synthesis yields low particle size 

with higher densification [9]. Microwave sintering technique 

prevents low loss during sintering processing with 

improvement of properties [10]. Hence, for present work, 

nanopowders of Mn0.4Zn0.4Fe2O4 [11] and Co0.4Zn0.6Fe2O4 [12] 

are synthesized using microwave hydrothermal system. Mn-Zn 

ferrites is considered of magnetic nature with high permeability 

with low losses [13,15]. Zinc in cobalt ferrite promises to be 

important class for studies in elastic properties useful for 

transducers applications [14]. D.c. resistivity is measured under 

room temperature conditions using Kethley ammeter.  The 

dielectric properties such as real part of permittivity (ε´) and 

imaginary part of permittivity (ε˝) are measured for wide 

frequency range on the sintered composite samples and 

obtained results have been discussed. The present work is an 

attempt to understand the effect of mixing the ferrite-ferrite 

composite on real part of permittivity and imaginary part of 

permittivity up to frequency range of 1.8 GHz.  

 

EXPERIMENTAL WORK  

The nanopowders of Mn0.4Zn0.4Fe2O4 [10] and Co0.4Zn0.6Fe2O4 

[11] are synthesized using microwave hydrothermal system as 

reported elsewhere. The synthesized nano powders of 

Mn0.4Zn0.6Fe2O4 and Co0.4Zn0.6Fe2O4 are mixed at different 

weight percentage (%) to prepare the composites of x 

Mn0.4Zn0.6Fe2O4 + (1-x) Co0.4Zn0.6Fe2O4 where 0.25, 0.5, 0.75 

and then and named as sample A (x=0.75), sample B (x=0.50) 

and sample C (x=0.25) . The samples are thoroughly mixed 

with agate mortar and then mixed with 2wt% polyvinyl alcohol 

as a binder. Then the powders are uniaxially pressed at a 

pressure of 1500 kg/cm2 to form pellet (~1 mm in thickness, 

~10 mm diameter) specimens.  The samples are sintered by 

using microwave furnace at 900oC for 30 minutes. The d.c. 

resistivity (ρ) of the present samples, at room temperature is 

measured using a two probe method. The complex permittivity 

(ε٭) of the composite samples was measured over a wide 

frequency range of 1MHz to 1.8 GHz using Agilent 4291B 

Impedance analyzer. 
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Figure 1. X ray diffraction pattern for composite ferrite samples. 

 

In the present investigation, phase identification of the sintered 

samples are performed by the powder X-ray diffraction with a 

Philips (Panalytical) X-ray diffractometer with Cu K radiation 

( = 1.5406 Å). The ferrites are compared with the standard 

ICDD data for Mn0.4 Zn0.6 Fe2O4 (74-2400) and CAS number 

for cobalt ferrite (22-1086) and zinc ferrite (89-1012). The 

XRD pattern suggests that the samples are having spinel phase 

of ferrite without any impurities or secondary phases even after 

mixing the two different ferrites compositions and sintering at 

high temperatures. The lattice parameter for the microwave 

sintered samples is calculated and tabulated in table 1. The 

results suggests that the lattice parameter increases (8.347 Ao  

to 8.388 Ao ) with increase in the manganese content in the 

composite ferrite. Manganese has higher atomic radius when 

compared with cobalt or iron  which are located in the 

octahedral sites and zinc radius which is present in the 

tetrahedral sites. It can be observed from the Table 1 that a low 

porosity value of 5% is obtained for the sample microwave 

sintered samples at 900ºC/30 min. The grain size is estimated 

around 75 nm to 97 nm estimated from SEM (Fig.2) as shown 

in Table1. The increase in grain size may be due to increase of 

manganese ions which is having higher ionic radius. 

 

              

(a) Composite Sample A       (b)  Composite Sample B         (c) Composite Sample C 

Figure 2. Sintered SEM Pictures for the  composite samples 
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D.c resistivity values of   the   microwave sintered sample are 

presented in the table 1. It can be observed that the Sample A 

has highest resistivity than the other two samples. This may 

be due to presence of less manganese ions and more number 

of cobalt ions. The low resistivity in the sample B and sample 

C is due to reduction of Mn2+ content.   The Fe2+, Co2+ ions 

show strong preference to octahedral sites i.e., B-sites. Since 

Co2+ ions present with Fe3+, it is possible that some of these 

ions can be oxidized to  Co3+ ions during the sintering [6,16]. 

The conduction mechanism in ferrites can be understood on 

the basis of hopping of electrons and understood using 

Verwey theory [17-18].   Microwave sintering due to rapid 

processing technique gives little time for material loss. D.c. 

resistivity depends on the micro structural depends on the 

properties such as grain size, porosity etc. Smaller grains 

shows greater surface to volume ratio by which higher 

oxidation and reconversion of ions takes place. The smaller 

grains effect in greater number of grain boundaries, which 

further acts as acts as scattering center for the flow of 

electrons leading to rise of resistivity [10, 19]. Many 

researchers have found the behavior of resistivity dependent 

on sintering conditions, temperature along with density of the 

samples [20-21]. 

 

Table 1: Room temperature values for the composite 

ferrites. 

Sample D.C. 

Resistivity 

(ρd.c) 

x108 Ω.m 

X ray 

density 

( xray) 

gm/cm3 

Bulk 

Density 

 Bulk 

gm/cm3 

Lattice 

parameter(a) 

Ao 

Porosity 

(%) 

Grain 

size 

from 

SEM 

(nm) 

A 10.68 5.437 5.157 8.347 5.15 75 

B 9.75 5.384 5.062 8.370 5.86 90 

C 8.48 4.975 4.714 8.588 5.32 97 

 

The frequency dependence of real part of permittivity (ε') and 

imaginary part of permittivity (ε˝) for microwave sintered 

composite ferrites is shown in Fig.3 and Fig.4. It can be seen 

the variation of dielectric constant decreases with increasing 

in frequency. It can be seen from Table 1 that the value of ε' 

for microwave sintered composite ferrites is 7 (sample A) at 

1 MHz and remains constant up to 900 MHz. With further 

increase of frequency, the value of ε' also found to increase 

and shows a dispersion peak above 1.5 GHz.  The lower value 

of dielectric constant [22] in sample A is due to reduction of 

interfacial polarization which occurs in smaller grains which 

acts high resistances grain boundaries regions.  With increase 

in manganese content, resistance decreases which results in 

increases dielectric constant. With increase in grain size, due 

to interfacial polarization there is rise in dielectric constant as 

shown in table 1.    

 

Figure 3. Dependence of dielectric constant (ε΄) on 

frequency for Composite ferrites 

 

Variation of dielectric in ferrites is often understood on the 

basis of Maxwell theory, which uses two layer structure [23]. 

These layer are often separated by series of conducting and 

non conduting layer with high surface area.  When the 

electrons reach grain boundaries by hopping mechanism from 

one site to another; they pile up and produce polarization. 

With increase of applied frequency, the probability of 

hopping of electrons between the grains and polarization 

decreases.  Iron ion (Fe2+/Fe3+) in octahedral sites does not 

follow the electric field for which dielectric constant is low 

even with the increase in frequency [24]. But above 1 GHz, 

dielectric constant increase and thus resonance is observed. 

Resonance at high frequency indicates the important role of 

ionic polarization or electronic polarization  with ferrite 

grains [25] . Increase in cobalt content is compensated by 

substitution of manganese ions which decreases migration of 

ions (Fe2+ and Fe3+) from octahedral sites or tetrahedral sites 

(Mn2+/Mn3+ or Co2+/Co3). The decrease in the hopping 

mechanism [26] increases the resistance which is due to 

charge accumulation thus manifesting in lower permittivity 

values.   

 

Figure 4. Dependence of dielectric loss (ε˝) on frequency 

for Composite ferrites . 
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The absorption characteristics of ferrites are given as 

measurement of dielectric loss (ε״) as shown in the Fig. 4. The 

dielectric loss behavior for the observed samples is low and 

losses observed above 1.5 GHz is due to resonance. Intensity 

of the peak decreases with hard ferrite and shift is observed 

towards lower frequency. Dielectric loss gives an indication 

of loss energy in the sample which may be due to domain wall 

contribution at lower frequency and spin resonance in higher 

frequency. The relaxation occurs when hopping frequency of 

electron matches with applied frequency, it results in 

resonance and increase in losses. Dielectric loss occurs due to 

polarization when it lags behind the applied field and losses 

are contributed by the electron hopping or defect dipoles. The 

hopping mechanism contributes losses at lower frequency 

therefore it can be said that the defect dipoles plays a part at 

higher frequency for which values are very low. The 

appearance of resonance peak towards lower side of 

frequency band indicates the hindrance that causing to 

rotation of dipole due to strengthening of dipole-dipole 

interaction.  A survey of literature tells that many papers have 

been published on the dielectric dependence on frequency in 

the case of ferrites [27-29]. 

 

CONCLUSIONS 

Mixed composite of Mn0.4Zn0.6Fe2O4 and Co0.4Zn0.6Fe2O4 

ferrite are prepared by adding different weight percentages 

and submitted for microwave sintering method. It is found 

that the value of real part of permittivity (ε') and imaginary 

part of permittivity (ε˝) remained low and constant for wide 

frequency range with good resistivity in the samples. The 

results indicate that ferrite-ferrite composite may be used for 

frequency operated devices. 

 

REFERENCES: 

[1] Sachin Tyagi, Himanshu B. Baskey, Ramesh Chandra 

Agarwala, Vijaya Agarwala, Trilok Chand 

Shami,Ceramics International, 37 (2011) 2631–2641.  

[2] Soumya Mukherjee,  M.M.K. Mitra ,Inter. Ceram 62 

(2013) 376-379.  

[3] Soumya Mukherjee, Manoj Kumar Mitra, Journal of 

the Australian Ceramics Society, 50 (2014) 180. 

[4] E. Auzans, D. Zins, E. Blums, R. Massart, J. Mater. 

Sci. 34 (1999) 1253. 

[5] C. Rath, S. Anand, R.P. Das, K.K. Sahu, S.D. 

Kulkarni,  S.D. Date, N.C. Mishra, J. Appl. Phys. 91 

(2002) 2211. 

[6] A. Goldman, Handbook of Ferromagnetic Materials, 

Kluwer, Boston, 1999,  

[7] P. Wolfarth, Ferromagnetic Materials – A Handbook 

on the Properties of Magnetically Ordered Substances, 

Elsevier, Amsterdam, 1986, vol. 2. 5.  

[8] M. S. Tomar, S. P. Singh, O. Perales-perez, R. P. 

Guzman, E. Calderon, C. Rinaldi-ramos Journal  of 

Microelectronics , 36, (2005) 475-479.  

[9] S. Komarneni, Nanophase materials, In McGraw-Hill 

Yearbook of Science and Technology, McGraw-Hill, 

New York, 1995, pp. 285–288 

[10] S.R.Murthy, Bull. Mater. Sci.26 (2003) 499–503. 

[11] K. Praveena, K. Sadhana, S. Bharadwaj, S.R. Murthy, 

J. Magn. Magn. Mater. 321 (2009) 2433. 

[12] S Bharadwaj, SR Murthy Integrated Ferroelectrics. 

120 (2010), 6-14. 

[13] C.Rath, K.K. Sahu,S. Anand, S.K.Date, 

N.C.Mishra,R.P.Das, J. Magn. Magn. Mater. 202 

(1999) 77   

[14] V.G. Patil , Sagar E. Shirsath, S.D. More, S.J. Shukla, 

K.M. Jadhav Journal of Alloys and Compounds 488 

(2009) 199–203 

[15]  D. Arcos, R. Valenzuela,M. Vazquez,M. Vallet-Regõ, 

J. Solid State Chem. 141(1998) 10-16.  

[16] J. Smit, H.P.J. Wijn, Ferrites, Wiley, New York, 1959, 

pp. 238–252. 

[17] E.J.Verwey,J.H. De Boer, Recueil des Travaux 

Chimiques des Pays-Bas, 55 (1936)531-540.   

[18] A.S. Fawzi, A.D. Sheikh, V.L. Mathe, J. Alloys and 

Compds. 502 (2010) 231-237. 

[19] A.Bhaskar, B.R. Kranth, S.R. Murthy, J. Mater. Sci. 

39 (2004) 3787. 

[20] E. M. M. Ibrahim, J. Appl. Phys., A 89 (2007) 203-

208.  

[21] B. Gillot, M. El Guendouzi, P. Perriat, J. Mater. Sci., 

26 (1991) 4808-4812 

[22] I.H. Gul, A.Z. Abbasi, F. Amin, M. Anis-ur-Rehman, 

A. Maqsood Journal of Magnetism and Magnetic 

Materials 311 (2007) 494–499. 

[23] J.C. Maxwell, Electrical and Magnetic , Oxford 

University Press, New York, 1973. 

[24] A.M Abdeen, Journal of Magn.Mag.Mat, 192, (1999) 

121. 

[25] Koops, Phys.Rev.83 (1951)121.  

[26] K.Iwachi, Y.Ikeda, Phys.status solidi A 93  (1986) 

309. 

[27] K. K. Patankar, P.D.Dombale, V.L.Mathe, S.A.Patil, 

R.N.Patil, Mater. Sci. Eng. B. 8 (2001) 53.   

[28] C.G. Koops, Physical Review. 83 (1951)121-124.  

[29] U.N. Trivedi, M.C. Chhantbar, K.B. Modi, H.H. Johi, 

Indian J. Pure Appl. Phys. 43 (2005) 688–690. 

 

http://www.sciencedirect.com/science/article/pii/S0272884211002276
http://www.sciencedirect.com/science/article/pii/S0272884211002276
http://www.sciencedirect.com/science/article/pii/S0272884211002276
http://www.sciencedirect.com/science/article/pii/S0272884211002276
http://www.sciencedirect.com/science/article/pii/S0272884211002276
http://www.sciencedirect.com/science/article/pii/S0272884211002276
http://www.sciencedirect.com/science/article/pii/S0272884211002276
http://www.sciencedirect.com/science/journal/02728842
http://www.sciencedirect.com/science/journal/02728842/37/7
http://www.interceram-review.info/index.cfm?objekt=INTERC&jahr=2013&ausgabe=5&rubrik_en=High%2DPerformance%20Ceramics&lang=EN&artikel_id=216467&navi=3&id=203493
http://www.interceram-review.info/index.cfm?objekt=INTERC&jahr=2013&ausgabe=5&rubrik_en=High%2DPerformance%20Ceramics&lang=EN&artikel_id=216467&navi=3&id=200653
http://academic.research.microsoft.com/Author/20046157/maharaj-s-tomar
http://academic.research.microsoft.com/Author/54408521/satyendra-singh
http://academic.research.microsoft.com/Author/2503490/o-perales-perez
http://academic.research.microsoft.com/Author/47647317/r-p-guzman
http://academic.research.microsoft.com/Author/47647317/r-p-guzman
http://academic.research.microsoft.com/Author/50668578/e-calderon
http://academic.research.microsoft.com/Author/3599207/c-rinaldi-ramos
http://libra.msra.cn/Journal/906/microelectronics-journal

