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Undoped Mno.sZnosFe204 ferrite nanoparticles and Rare Earth Gadolinium doped Mn-Zn ferrite pow-
der were synthesized and characterized using X-ray Diffractometer (XRD), Fourier transform infrared
(FTIR), Transmission Electron Microscopy (TEM) and vibrating sample magnetometer (VSM).A small
amount of rare earth oxide can significantly improve the microstructure and magnetic properties. A very
fine particle size can be obtained by doping. For all rare earth oxides, a small amount of doping can signifi-
cantly. The present studies indicate that rare earth doping can be one of the effective ways to improve the

performance of soft ferrites.
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1. INTRODUCTION

Many important signal and sensor/actuator applica-
tions require magnetic materials that have low hyste-
resis in the plot of the magnetic flux density of the ma-
terial as a function of magnetic field intensity (B-H
curve). Materials having this property are referred to
as soft magnetic materials. A good soft magnetic mate-
rial should have a large saturation magnetization to
obtain a wide range of operation, and a high permeabil-
ity to achieve a high magnetization even under a low
applied field. It should also have a low coercivity and
remanence [1].

Mn-Zn ferrites are commercially important materi-
als due to their high permeability and low core losses
[2]. The phase purity and the crystalline nature of the
ferrites determine their magnetic properties. The mag-
netic ferrites are also utilized for magneto-rheology [3-5]
and microwave absorption [6]. There are many methods
available for the synthesis of the different ferrites [7-
17]. The ferrites are usually produced by the ceramic
method but the particles obtained by this method are
rather large and non-uniform in size. Besides, non-
reproducible products in terms of magnetic properties
are obtained. In order to overcome the limitations of the
ceramic process and to improve the magnetic properties
of the Mn-Zn ferrite, the co-precipitation method [18]
have been considered an interesting alternative to pro-
duce chemically homogeneous powders with fine parti-
cle size and good reproducibility. Hirota and co-workers
[19] observed that the magnetic and electric properties
of the Mn-Zn ferrites obtained by co-precipitation are
better than that produce by the ceramic process, due to
the small particle size of the co-precipitated powders.
According to Jeyadevan and co-workers [20], the differ-
ences observed in the magnetic properties of the sam-
ples prepared by co-precipitation are due to the random
distribution of the Zn, Mn and Fe ions in the octahedral
and tetrahedral sites of the spinel structure, as observed
by EXAFS results Many aspects of the production steps
of Mn-Zn ferrites by co-precipitation can interfere on the
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final microstructure and magnetic properties such as
the stoichiometry (Mn, Zn and Fe contents), reagent
addition order, precipitation pH and calcination condi-
tions [18, 21-23].

In this paper simple and cost-effective method of
synthesis i.e., co-precipitation method has been chosen
to obtain uniform and very fine pure and Gadolinium
doped Mn-Zn nanoparticles and then characterized.

2. METHOD OF PREPARATION

Nanocrystalline Gd doped Mn-Zn ferrites were pre-
pared by co-precipitation method. In perfect stoichio-
metric proportions manganese chloride, iron (III) chlo-
ride and zinc nitrate were taken from their molar solu-
tions. Sodium hydroxide solution was added in the solu-
tion with constant stirring. pH of the samples was
maintained at 8. Reaction time was 90 min at 75 °C and
precipitates were allowed to settle down at room tem-
perature. The precipitated particles were washed sever-
al times with double distilled water to remove the impu-
rities and dried at room temperature. The dried powder
was then crushed and calcined at 400 °C for 2 h.

The synthesized samples were characterized for
structural properties using X-ray diffraction technique
(XRD Rigaku Miniflex 600). TEM studies including
electron diffraction were performed on a JEOL JEM
1230 120KV transmission electron microscope. The
magnetic properties of the as-prepared samples were
studied using VSM (Lake Shore Cryotronics 7400-S).

3. RESULTS
3.1 X-ray Diffractometer

X-ray diffraction has been performed for the struc-
tural characteristics namely crystallite size, lattice pa-
rameter, crystallite phase, lattice strain and X-ray den-
sity of as prepared nanoparticle powder samples. The
lattice parameters were calculated using the inter-
planar distance ‘d’ values and the respective (hkl) pa-
rameters. X- ray diffraction patterns of undoped and
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Gadolinium doped Mn-Zn ferrites with their tentative
indexing are shown in Fig. 1. These pattern exhibits all
the major peaks related to spinel structure without any
impurity. XRD spectrum indicates that (311) is a prom-
inent peak.
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Fig. 1 — XRD pattern of pure and doped Mn-Zn ferrite powder
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From the full width at half maxima (FWHM) of
peaks, the mean size of the crystals was estimated by
using Scherrer’s equation given below:

.
XRD BcosO’

@

where Dxrp is the mean dimension of the crystallites, &
is Scherrer’s constant taken to be 0.9, 1 is the X-ray
wavelength (1= 1.5406 A), p is the broadening of the
peak width of half maximum, and # is the Bragg’s dif-
fraction angle.

The lattice parameter of as-prepared samples was
calculated by considering cubic crystal structure, from
the plane (311) main peak of spinel structure using the
Bragg’s equation:

a=d, R+ E + 12, )

where drii is the interplanar distance, “a” is lattice pa-
rameter, and ‘A’, ‘&, ‘I’ are epy plane indices. The X-ray
density pr is determined using the equation [24]:
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where Z =8 (the number of atoms in cubic structure),
Na is Avogadro number, M is molecular weight and V'is
volume of the cubic unit cell: a®.

The average crystallite size, lattice parameter,
strain, X-ray density and interplanar spacing have
been calculated using XRD data are given in Table 1.

From the XRD data table it is clear that the crystal-
lite size is decreasing with the doping of gadolinium.
The lattice parameter is also decreased with doping of
gadolinium; it might be due to the difference between
the ionic radii of host and doping element. The X-ray
density is increased with the doping of gadolinium, it
indicates that with the doping of Gd, the electron den-
sity of the sample increased.

Table 1 — Values of crystallite size (D), lattice parameter (a), X-ray density (p), lattice strain (¢) and interplanar spacing (d) for

Mno.5ZnosGd:Fez 04

Composition D, nm a, A p, gm/cm? & d, A
Mno.5Zno.sFe204 6.60 2.8264 9.3741 4.7735 | 1.6635
Mno.5Zno.5Gdo.1Fe1904 | 5.85 | 9.3654 7.3307 1.5044 | 2.8238

3.2 Transmission Electron Microscopy Images

Transmission electron microscopy has been used to
obtain the morphological details of the developed Gado-
linium doped Mn-Zn ferrite samples. The TEM images
of the Mno.5ZnosFe20s4 and MnosZno.5Gdo.1Fe1.9004 sam-
ples are depicted at different magnifications in Fig. 2.
It is seen that most of the particles are fine and spheri-
cal and when gadolinium doping occur the particles
gets much finer.

3.3 Hysteresis Measurements

Magnetic measurements were carried out of the as-
prepared samples using vibrating sample magnetome-

ter (VSM). From these measurements, the saturation
magnetization (Ms), remanent magnetization (M) and
coercivity (Hc) were evaluated. Fig. 3 shows the mag-
netic characteristics of Mnos5Zno.sGdxFez-xO4 nanofer-
rites. The magnetic moment (ng) has been calculated
using the relation ng= (M Ms)/5585, where M is the
molecular weight of Mno.5Zno.sGdxFez - +O4 ferrites and
Ms is the saturation magnetization of the samples. The
values of the saturation magnetization (Ms), coercivity
(Hc), remanence (M;), and magnetic moment (ng) have
been calculated and are given in Table 2. From Fig. 3,
it is clear that the saturation magnetization increases
with the doping of Gadolinium.
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Fig.2-TEM images
Mno.5Zno.5Gdo.1Fe1.904

of (a)

Mno,5Zn0.5Fezo4 and (b)

4. CONCLUSIONS

Undoped and gadolinium doped Mn-Zn nanoparticles
have been synthesized using co-precipitation method. The
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Fig. 3 — M-H curve for as prepared samples
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IMosinmenua B1acTUBOCTEN HAHOYACTUHOK heputy Mn-Zn MmeToaom JieryBaHHs
piI[KOE}eMe.TII)HI/IMI/I eJIeMeHTaMUu

Anjali Shrivastava, A.K. Shrivastava

School of Studies in Physics, Jiwaji University, Gwalior, India

Heunerosani nanouactuaku depury MnosZnosFe:O4 Ta depurosmit moporox Mn-Zn, seroBanuii pigko-
3eMeJIbHUM Ta0JIiHIEM, OyJI CHHTE30BaHI Ta 0XapaKTePHU30BAHI 34 JJOIIOMOTOI0 PEHTIeHIBCHKOTO Judpak-
tomerpa (XRD), indpauepsonoi crexrpockomii 3 meperBoperrsam Dyp'e (FTIR), mpocBiuyouoi ereKTpOHHOL
mikpockorii (TEM) ta maraitomerpa 3 BiOpyoounm 3paskom (VSM). HeBenmka KIIBKICTD PiAKO3€MEIHHOTO
OKCHIIy MOYKE 3HAYHO ITOKPAIUTA MIKPOCTPYKTYPY Ta MArHiTHI BiiacTuBocti. Jy:e mpiOHUIT posmip 4acTu-
HOK MOKHA OTPHMMATH 32 JIOIIOMOr0I0 JieryBaHHs. J{J1s1 BCiX piAKICHO3eMeIbHIX OKCHU/IIB He3HAYHA KIJIBKICTh
JIeryBaHHS MOke OyTu cyrreBoro. JlaHi MOCIIIyKeHHS BKA3YIOTh HA Te, IO PIAKICHO3eMeJIbHE JIeryBAHHSI
MOKe OyTU OJHHUM 13 e(peKTUBHUX CIIOCO0IB MOJIIIIIINTH XapPAKTePUCTUKN M'AKUX (DEePUTIB.

Knrouogsi ciosa: ®epurn, Jlerysanus, Pinrosemensuunit, XRD, VSM.

02002-4



