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Abst ract : Ferrite samples oj the chemical composition
Mgo.9Mno.JFe20~ lVere prepared by standard solid state
sintering techniqu e. Wet milling for 6 h was employed
to get better homogenity. The raw fe rrites were sintered
at 10500efor 24 h using a heating 'rate oj2"C/min. The
sintered samples were studied by means oj X-ray
diffraction, particle size analysis and Field Emission
Scanning Electron Microscope (FESElvf). Density and
porosity measurements were done by Archemede 's
method. The microstructure l Jlere rather porous. X-Ray
diffractio n analysis confi rmed a single phase cubic
structure. Jvfagnetic measurements lJlere obtained by
Physi cal Properti es Measurement System (PPMS).
lvfagnetization results exhibit collinear fe rrintagnetic
behavior. The dielectric constant, e' and I~ss tangent, tall
£5 show strong frequency dependence.
Key Words : solid state reaction / magnetic properties
/magnesium/manganese/ferrite

1. INTRODUCTION

In general, spine l ferr ites have extensive appli cations
In the construct ion of non-reciprocal devices at
microwave frequencies [1]. Fer rimagnetic catio n
substi tuted spinel fer rites, such as Mg.., Mn, Fe20 4, are
technologically versatile materials [2]. It is known that
the mag net ic properties of spinel ferr ites are stro ngly
dependent on microstructure. The interesting physical
and chemical properties of ferrispine ls arise from their
abi lity to distr ibute the cations among the avai lable
tetr ahedral (A) and oct ahedra l (B) sites [3].

Hence, an attempt has been made to investigate the
synthesis , structura l, magnetic and dielect ric properties
of the magnesium-manganese ferrite by X-ray
diffraction , magnetization and dielectr ic constant
measurements. The present work reports the

investigations carri ed out in MgO..9 MnO.1Fe204 soft
ferrite system.

2. METHODS AND MATERIALS
Samp les with the ' general formula MgO.9Mno,Fe204

were prepared by a standar d ceramic technique involving
a 6h- wet milling procedure. The starting materials were
analy tical reagent grade oxides: ferri c ox ide
(Fe203)(Fluka), magnesium oxi de (MgO)(Merck), and
manganese oxide (MnO)(A ldrich). MgO (45 mole %),
MnO (5 mo le %) and Fe203 (50 mole %) we re mixed
and ground by wet mill ing for 6 h. This was carried out
in a polyethy lene bottle with zircon ia balls. Distill ed

. water was used to prepare the mixture into a slurry . The
slurry prepared was dried and transferred to a porcelain
crucible and pre-sintered at 900°C for '12 h with a heating '
rate of 3°C/min. The ferrite prod uced is usually in lump
form . It was grou nd into pow der in a dry ball mill for 2

h. Besides reducing the particle size to ~ lpm , grind ing

also elemina tes intraparticle pores and hom ogenizes the
ferri te by mixing . To promote successful sintering, the
pow der was well characterized after gri nding with
respect to particl e size distribu tion, particle shape,
homogenity, impurity and intraparticle porosity. The
material was gra nulated through se ives of 60-80 mesh
BSS (250- 180 um app rox .) and the granules were

compressed uniaxially under a pressure of 100 MPa in a
16 ± 0.1mm diameter disc -pellet. As for ring shape,
toroids of 15.2 ± 0.0 Imm inner diameter and
19.5 ± O.Olmm outer diameter were made. The pellets
and toro ids were finally sintered at I050oC.for 24 hours
duration . Th e surfaces of all the samples were ground to

. remove any oxide layer formed dur ing sinteri ng, The X­
ray diffraction patterns for all the samples were recorded
on a Siemen D-5000 X-ray diffractometer. The particle .
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size analysis was perfor med using a HELOS WIN DOX
5. The porosity and density meas ure ments we re
performed by Archemede's meth od . Mag netizat ion was
obta ined by PPMS . Th e dielectri c constant, e' and loss
tangent , tan (j were acq uired by Ag ilent 4284A Precision
LCR meter.

3. RESULTS AN D DISCUSSIONS

the large pores . Th e pore struct ure should be regarded as
interc onnected voids that form a kind of capillary tubes .

. This structure is preferable for the adso rption and
condensatio n of water vapour. The adsorption of water
vapour can enhance the surface elec tr ical conductivity
and dielectr ic constant of the metal oxides. Th ose are '
some maj or req uirements for a good hum idity sensor [4] .
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Figure. 2 SElvlmicrographs ojlvlgo.9klno./Fe20./ (a)
fracture surface and (b) lop surface

Table 2 represents density, porosity and water abso rption
mea sureme nts . The density and porosity strongly depend
on sintering temperature . The rela tive density (i.e. Bu lk
density / X-ra y density) is only 53.3 9 % which further

proves the porous structure ofMg~..9 Mno.1Fe204.

3.3 Magne tization
The behav ior of a ferrimag net in a magnetic fie ld is

con sidered the primary factor in the practical evaluation
of the material. For th is eva luatio n, the magnetizat ion M
was plotted agai nst the magn etizing fie ld H as show n in
Figure 3. As the magnetic field was increased, the
magnetization increases. At high fie lds, the magnetiza
tion flattened out at the saturation magn etization, Ms.

a e ensity, porosity water a sorption ala
Bulk density 2.4527 g/cnr'

Apparent density 4.4236 g/c m3

Apparent porosity 44 .5534 %

Water absorption 18.1704 %

(1)

I050 °C
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Figure. 1 XRD patterns oj MgO..9 klno./Fe20./
(e = MgO.•9 Mno./Fe20 ./. • = Fe20 3)
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The latti ce parameter was calculated from XR D
data. The X-ray density d, is also calculated according to
the formula [3] ,

Where M is the molecular weight, N is the
Avogadro's nu mber, 'a' is the lattice consta nt and '8' is

the number offormula units w ithin the unit cell of spinel
structure -.The va lues of X-ray density and the latice
constant are reported in Table 1. The obtained lattice
parameter va lue is simi lar to the lattice value of main

system, Mg Fe204 reported by EvA-PDF file.
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3.1 X-ray ana lysis

The raw ferrite and the sintered pellets we re
characterized by XRD using Cu K, radiations

.(A=I.5406A0). Figure I illustrates the XRD pattern s of
MgO..9 Mno.IFe204 for 900 °C and 1050°C. Ana lysis of X­
ray diffractograms reveals the formatio n of single-phase
cubic spinel, showi ng well defin ed reflection of allowed

pla nes at 1050°C. But the single phase had not been
formed at sinter ing temperature of 900°C.
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3.2 Microstructure
Microstructure study is esse ntial for optimizing the

properties of final produ ct of ferri te for vario us
app licat ions . The micros tructure of MgO.9 Mno.IFe204 is
shown in Figure 2. Bot h micrographs shows a typica l
porous structure with many intergrain pores . It is also
observed that the intergranular pores are linked through

a e attice constanl 'a' and X-ray densitytd;'
X-ray density 4.5936 g/cnr'

Mgo9Mnol Fe20 4
Lattice consta nt 8.3737A

rMgo 9 Mno lFe2041
Latt ice constant 8.392A

rrMg Fe2041



After the material was saturated, the field was reduced to
zero and and then reversed in the oppo site direction to
obtain the hysteresis loop. The value of coerceivity He
and remanent magnetization M, for three diffe rent
temperatures are listed in Ta ble 3. The characteristic of a
soft material is low coercivity He and high permeability,
resul ting in a hysteresis loop which is narrow at the
waist. Materi als with Heval ues less than 400Anf' (50e)
are definitely considered soft and those with He values
greater than 8000 Am" (1000 e) are labeled hard. For
materi als showing coercivity values between 400 and
8000 Am" other criteria, such as the energy product B,
He must be considered to establish a clear classification
[5]. In this case , He valu e is greater than the limit for soft
ferrite and so the energy product must be considered and
yet to be studied . Besides, it was observed that the
increase in the value of coerceivity He' remanent
magnetization M, magneton numb er Ilg and saturation
magnetization M, with the decrease in temperature
shows the importance of thermal contribution to the
magnetization process.

n coercetvitv e ll1 I erent temperatures

298K 150K 5K

M, (emu/g) 24.2877 30.3985 30.5 508

Mr(emu ) 0.2073 0.3085 0.3238

He(Oe) 50.0530 99.9845 100.0780

nB(f.-lB)) 0.883 1 1.1052 1.1108

The va lues of magneton number nB (saturation
magnetization per formula unit in Bohr magneton) were
obtained from hysteresis loop, by using the follo wing
equation [6].

Molec ular weight x saturation magnetization (2)
n = .

IJ 5585

Tabl e 3. The value of satuation magnetization M."
remanent magnetization M; the magn eton numb er ns .
ad " H ' diffe

3.4 Dielectric consta nt, s' and Loss tangent, tan 1)

The variation of dielectric con stant E r was studied in
the frequ ency range 1 kHz to 1 MHz at room
temp erature. Figure 4 shows the dielectric constant as a
functi on of frequency. The diel ectric constant initiall y
decreases rapidly with increase in frequency but remains
fairly constant beyond 10kHz. It is evident from these
resul ts that a die lectr ic dispersion was observed at low
freque ncy region. This behavior of frequency
dependence of e' qu ite agrees with the well known
frequ ency dependence of spinel ferrite [7].
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Figure 4 Varia tion ofdielec tric constant, e'
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Figure. 3 Magnetization curves of Mg.,..9 MnO.1Fe20.

at (a) 298K , (b) 150K and (c) 5K

Figuure. 5 Dielecrt ic loss factor, tan 15 as a
Functtion of frequency



Figure 5 depicted the variation of dielectric loss tangent
tan (5 against log frequency at room temperature. The
dielectric loss decreases with increasing frequency. This
i~ also an evident for a normal dielectric behavior with
frequency [8].

4. CONCLUSION
(1) Wet milling for 6 h can provide single phase cubic

spinel ferrite at final sintering 10500C for 24 hours
with 2°C Imin.

(2) The structure formed at 10500C is porous.
(3) Magnetization measurements exhibit Neel's ferri

-magnetic structure.
(4) The dielectric constant (I:~ and loss tangent

Ian (5show strong frequency dependence.
(5) The microstructure and the material properties show

the app licability as humidity sensing material.
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