CHAPTER - I

PREPARATION AND CHARACTERIZATION
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CHAPTER - II
Part = A

2.A.1 Introduction

The properties of ferrites are both intrinsic as well
as structure sensitive. The extrinsic properties can be controlled
with the help of the control over the preparation technique. The
porosity, impurity and grain gsize mostly affect the extrinsic
properties of ferrites. The purity, chemical homogeneity,
stoichimetry, grain size etc. also need to be controlied while
preparing the ferrites. In this section the general methods of

ferrite hreparation are discussed briefly.
2. A.2 Methods of Ferrite Preparation

The ferrites are oxide ceramics and could be formed
very easily by the ceramic method. The ferrite Tabrication

technigque gemnerally involves the following steps -

i} preparation of ferrites having desired chemical formula
23 compacting the ferrite powder in desired shape
3) sintering the compact at high temperature to get the

final product
2.A.3 Preparation of Ferrite Composition

The four general methods of preparing ferrite

composition are in practice and are as follows -
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a) Ceramic method

In this method high purity divalent metal oxides are
phnysically mixed with iron oxide using the ball mill. The mixture
iz presintered a2t 3 suitable temperature for suitable duration.
It is furnace cooled, mechanically powdered and sieved toc avoid
‘the large sized particles. The powder iz pressed in the die to
obtain reguired shape and subjiected to final sintering at high
temperatures. The method is comparsatively simpler, gives good

results and requires little chemical knowledge.

b)) Decomposition method

Instead of using oxides as starting materials, in this
method the salts such as carbonates, nitrates and oxalates are
used. These compounds are weighed for mixing and preheated
usually 1in air which prodeces their oxides by thermal
decomposition. The oxides which are prepared by decomposition
more rapidly undergo solid state reaction.' Other details of this

methnd are similar to ceramic method.

c? Hydroxide precipitation method

The hydroxides are precipitated simultaneously from 3
solution so that precipitate contains the reguired metal ions in
the correct proportions. Economus> established this method for
ferrite preparation. Recently Robbins® prepared manganese zinc

ferrite by chemical co—precipitation with hydroxide and
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carbonate. The hydroxide precipitation method is also applied for
the preparation of yttrium iron garnet by Wolf et al*. The
gualitative understanding of chemical process involved is
pssential, because the simultaneous precipitation hydroxides has

to be complete. Sato et alsﬁ prepared ultratine spinel ferrites

by this method.

d> Oxalate Precipitation Methaod

Due to some reasons, precipitation of metalic oxalates
is necessary. The precipitation can be carried out by using
ammonium oxalate which does not leave any residue after heating.
Due to similar crystzl structure of most oxalates they can  be
readily precipitated after adding ammonium oxalates to their salt
solutions,. Here alsc the mixing in correct ratios can be affected
upto molecular scale. However, the precipitation rate does not
differ widely. After careful heating, the oxalates get thermally
decomposed which gives water and di-oxide. After caraful
calcination at temperature of precipitation, it wields Tferrites
with particle size less than 1 micron. Lin Bo Zhas® prepared

Mn—Zn ferrites by this method.

2.A.4 Solid State Reaction

In ceramic method, the solid state reaction plays an
important role in the formation of spinel ferrites and it can be

discussed on the basis of diffusion of components involving
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divalent metal oxide and FEEDZ' In the initial configuration
there is only one phase boundary betuween reactants. After the
nucleation of ferrites, the boundary is replaced by different
phase boundaries, one between Mo and HFEED4 and other between

Fe O, and M Fe_ 0O In this state further progress of the reaction

ar
can only take place by transport of reactants through the ferrite
phase. There are three possible mechanisms. In counter diffusion
mechanism suggested by Wagnere only cations migrate 1in the
opposite directions, the oxygen ions are essentially stationary.
In the second mechanism the anions take part in the diffusion
process. In this reaction diffusion of one cation is compensated
by an associated Tlux of anions (DE+} instead of a counter
current of another cation. In third mechanism iron is diffused
through the farrite layer in the reduced state i.e. F92+. In such
2 case oxygen 1s transported through the gas phase, being given

off at M FeEE /Fe 0. interface and taken up again at Mo/Fe_ O

4 4

boundary.
2.A.5 Preparation of ferrite samples (Present case)

The ceramic technique involving double sintering is

used in the present case.In the ferrite system Mg%Cd %SmyFe a

1- 2=y 4

six samples with % = 0.5 and yv = O, 0.1, 0.2, 0.3, 0.4 and 0.5
were prepared. High purity oxides of magnesium, cadmium, samarium

and iron were weighed in desired proportion and mixed physically
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in agate morter in acebtone medium. The presintering was carried
out at 800°C for 12 hours. The samples were furnace cooled and
pressed in the form of pellets (1 cm diameter) and taroids (ID =

icm and OO

1.5 cm) using a hydraulic press. The pellets were
finally sintered for 1000°C for 40 hrs. The physical densities

were calculated with help of weight and dimension data.

Part - B
Characterization by X-ray diffraction
2.B.1 Introduction

X—-rays are diffracted by the solids. With the help of
x—ray diffraction one can determine (1} the crystallinity of a
given solid and its crystal structure, (ii} evaluate the nature
af the phases present (1ii}) calculate structural parameters and
{iv}) study the crystal imperfections. X-ray diffraction plays an

important role in ferrite resezarch.

According to Bragg’'s law X-rays get diffracted Ffrom a

plane (hkl} when the equation

2d (hkl} sin @ = nA - (2.B.1}
where n — order of reflection
d — interplzaner distance for plane (hkl}
and ¢ — glancing angle. is satisfied.
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Simiiar to X-rays, electrons and neutrons are also
employved in determining the cryvstal structure of ferrites. The
scattering power of the thermal neutrons is partly determined by
the magnetic moment of the nucleus of the atoms, due to
interaction with the electron sSpin. This always varies
considevrably for atoms having roughly the same number of
electrons, so that neutron diffraction is able to provide an
information on the occupation of the two spinel sites by ions of
the transition elements. The penetrating power of neutron is very
high. If the elements differ by only one atomic number, neutron
diffraction can show well distinguished lines. The atoms of
ferrites have a net magnetic moment which interacts with the
neutron magnetic moment. The neutron diffraction study for

. . . : 8,9,40
ferrites is carried out by numoer of workers 7 .

In the present study X—-ray diffraction is used to (i}
confirm the completion of solid state reaction {(ii} observe
impurity phases {111) determine the lattice constant,
interplaner distances, octahedral and tetrahedral site radii and

bond lengths etc.

2.B.2 Diffraction of X-rays

X—ray diffraction technique is the well established
techniques for the study of crystal structure of materials. It

has been used both for the confirmation of the spinel phase
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formation and to determine the lattice parameters in case of

ferrites.

The simplest explanation of the observed diffraction
maxima when X-ray radiation passes through the crystal was first
given by Braggiz. The diffraction maxima occur when Bragg law,
viz. 2d sing@ = nA 1is satisfied. The diffraction methods
for crystal structure evaluation are available depending upon
whether the & (diffraction angle}! or the X (wavelength of X—-rays)
is varied. For all powder diffraction work the wavelength of the
X-rays is kept constant and the sample is rotated in order to
vary the Bragg angle. The method is popularly known as the powder

method and used in the present case.

The powder method was developed by Debye and Scherreria
and independently by Hull*. In this method a small quantity of
smoothly ground powder is coated on 2 fine glass capillary with
the help of 2 glue. The specimen is mounted on the movable mount
provided at the center of Debye S8Scherrer camera with proper
alignment. Since the fine grains of the powder sample are
randomly oriented, the reciprocal lattice vectors of all the
crystallites are pointed in all possible directions. The incident
monochromatic X—-ray radiation finds some crystal planes which
satisfy the Bragg diffraction condition to produce the maxima.
Since the diffracted X-rays from a particular set of plane lie

along the surface of a cone with an apex angle 268, when they
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intercept the film, produce a concentric ring. The cones coming
from different set of planes similarly produce different
concentric rings on the films. To ensure that all possible sets
of planes face the incident monochromatic beam the sample 1is
rotated with the help of an electric motor. In an XRD machine a
counter is used instead of a film and direct graphical record of

intensities of diffracted maxima as a function of 286 is obtained.
2.B.3 X=-ray diffraction methods

It was shown by Bragg that diffraction maxima occur

when the Bragg's 1aw,

Z2d sing = nA wene (2.1

order of diffraction

i

where n

>
]

wavelength of X—rays

and d interplaner distance is satisfied.

If (h,ky,1} are the miller indices for a set of parallel

planes, for cubic system the interplaner distance is given by,
VAR R B
d = a / A +ET+217 cee (2023

from equation 1 and 2 we get for lattice parameter

™~
=, 12
3

a = nA (ho+k5+1 7 . e (2.3

2 sin &

monochromatic X-rays of wavelength A striking a 3-dimensional
crystal at an arbitrary angle incidence will not in general be
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reflected. To satisfy Bragg's condition and to cause diffraction
we have to vary either wavelength or glancing angle (8). There

are two other methods of crystal analysis by X-rays.

1> Laue Method

In this method a crystal is kept stationary in a beam
of continuous X—-rays. The crystal selects a suitable wavelength
(A} and diffraction occurs from a plane with incident glancing

angle (8j).

22 Rotation Crystal Method

In this method a3 crystal is rotated above 3 fixed axis
in a beam of X—-ray having fixed wavelength. For particular €

Bragg’'s law is satisfisd and diffraction occurs.

2.B.4 Results and Discussion

X-ray diffractogram of the samples ﬁngd1~xsmyFei~y84
{(x=.9 and y=0G, 0.1, 0.2, 0.3, 0.4, 0.5} were obtained by using
the computerized XRD unit (Philips model APD.1I7103} with Cukao
radiation ( » = 1.5418 &7)at UsIiC, Shivaji University, Kolhapur.
The lattice parameters and interplaner distances were calculated

from X—ray diffractograms by using the standard formulae for the

cubic system. The data on lattice parameters is given in Table

td

B.2 to Z2.B.& and that on density and porosity in Table 2.B.7.
The diffraction maxima have been indexed in the light of the

crystalstructure of natural spinel, Hgﬁlqﬂq. The allowed
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Table - 2.B.1

X~-ray diffraction data for Mgo 5Cdo 5Sm.oFeBO4

Wavelength A = 1.5418 A°
Lattice parameter a = B.&41 a®

Structure = Cubic
Sr.No. 2 & deg. d a® d A" ( hkl
cal obs
i. 29.235 I.0823 3.0546 220
2. Z9.485 2.5987 2.605 311
3. IZ5.420 2.5322 2.495 222
4. 52.075 1.754E 1.744 422
5. 535,480 1.654% 1.662 333
&. 5%.815 1.4574 1.528 440

Table -~ 2.B.2

S O

X-ray diffraction data for Mgo 5C m. 1F‘e1 ao%a

do. 5

Wavelength A = 1.5418 A°
Lattice parameter a = 8.63515 a“

Structure = Cubic
- o o
Sr.hNo. 2 @ deg. dcal a dnbs a { hkil
i. 29.115 J.0611 Z.0646 220
2. 324.325 2.6105 2.46105 311
3. 55 .080 1.46660 1.6662 333
4., &0.705 1.5305 1.5244 440




Table - 2.B.3

X=-ray diffraction data for Mgo cd

S

Fe1

O

5-%.5 0.2 1.8"4
Wavelength A = 1.5418 A°
Lattice parameter a2 = 8.6714 a®
Structure = Cubic
o) O
5r.No. 2 8 deg. d A d A ( hkl }
cal obs
i. 29.105 Z.0667 Z.0637 220
2. Z4.260 2.6153 2.6153 311
3. 55,020 1.66%3 1.&677 333
4. &0 .305 1.5333 1.8335 440
Table - 2. BQ 4’
X~-ray diffraction data for MgO.SCdO.SsmO.3F91.704
Wavelength A = 1.5418 A°
Lattice parameter a = 8.6539 a°
Structure = QCubic
— - ; -0 o
Sr.Mo. 2 & deg. jcal dgbs & { hkl 1}
i 29.185 Z.0618 Z.0574 220
2. 34.315 2.6112 2.46112 11




Table - 2. Bo 5

X-ray diffraction data for MgO.SCdO.Ssm0.4Fe1.6O4
Wavelength A = 1.541i8 A°
Lattice parameter a = B8.7355 A~
Structure = QCubic
Sr.N 2 ed d a° d a” ( Rkl
F-fNo. < €9 - cal obs ¢
1. 29,035 I.076E 3.0729 270
2. 34.145 24238 2.6238 311
3. 54,82 2.1755 2,473 400
4, 58.940 1.5383 1.5653 440

Table - 2.B.6

X~ray diffraction data for Mgo O

5%dg. 55, 5Fe1 . 50

Wavelength A = 1.5418 A°

Lattice parameter a = B.&6603 A"

Structure = Cubic
Sr.No. 2 & deg. d_.1 a® LI a® ( hkl
1. 29,0259 Z.0001 3.073% 220
Z. 35.045 2.5585 2.3585 Z11
3. 40 .805 2.2095 2.2096 400
4. 53.225 1.7321 1.7166 22
5. 54.970 1.6330 1.66%1 333

b 58.9210 1.5000 1.5665 440




Table 2.B.7

X-ray density (dx), physical density (dad) and porosity % of
O4 (x = 0.5

ferrite samples, MgXCdi_xSmyFea_y
v Composition X—ray PhyS}cal Porosity
density density Py
dx gm/cm da gm/cm *
& Hgg-58d0.55m3F9204 5.021 4.120% 17.93
.1 MQG.SCdO.SsmG.lFEI.?D4 53,1997 Z.465046 29.79
.2 ﬁgQ.EEdD.Sst.EFEI.BD4 5.35465 2.6290 530.71
0.3 HQG.SCdO.Sst.EFe1.7D4 5.5828 5. 6067 35.3
.4 MQQ.SCdD.Sst.4FE1.6D4 5.46141 3.9750 29.22
0.5 Cd_ 5 a 5.956% 2.8449 532.24

Mag, 5bdn 55Mg sFey 504




reflections in the X-ray diffraction pattern far spinel
structures are (2203, {311), {400}, (422), {333y, 440). It 1is
further obssrved that for 2al1 the samples the observed and
calculated d values agree well with each other. Close agreement
between observed and calculated d values 1s an indicates that
ferrites are fully formed with spinel structure. The results on
samarium doped samples show that there 1s a littie change in  the
lattice parameters of the parent samples. The small variation of
lattice constant in case of undoped and doped samples may be due
to variation 1in cation distribution or wmodification in  the

lattice.

The data on physical density {(dal), X—ray density (dx}
and porosity is given in Table 2.B.46. It can be seen from this
table that both the physical density and X-ray density increases
with increasing samarium content. The porosity however, shows =z

decreasing trend on addition of samarium.

Part - C
IR Studies

2.C.1 Introduction

IR spectroscopy can be used in the study of crystal
chemistry of spinels. Prudhomme® has distinguished three

applications namely,
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i} determination of co—ordindation of the cations in the
spinel structure

i1} study of cation ordering

iii} study of the deformation of cubic spinel structure.

The distortion of cubic spinel structure is local one
and limited to a few atomic distance or a co—operative one
resulting in lowering the symmetry of +the crystal structure.
These distortions may be dus to ionic ordering or originating

from an electronic nature like Jahn Teller effect.

Two tvypes of spectra are observed in the ferrites.
i} Electronic spectra due to the electronic transitions and
ii} WVibrational spectra due to the cation vibrations (Lattice
vibrations of the owxide i1ons against the cations)

Infrared spectra of some on simple ferrites with the

general formula M Fe DO were examined by Waldron.®

4 Fpr the

analvsis of spectra it is necessary to consider the vibrational
spectrum of peripdic structures. The vibrational problem is most
conveniently treated by classification of crystals according to
the continuity of bonding as (1) continuously bonded, (11)

discontinously bonded and {i1i} intermediate.

In continuously bonded crystals, the atoms are bonded
to 311 nearest neighbours by equivalent forces (ionic, co-valent
or Van der Walls) and the frequency distribution of vibrations is

given by a Debye or Bernvon Karman treatment of the classical
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mechanical prchblem. In  this class are included simple ionic
crystals such as the alkali halides, diamond and its homologous,

metals and rare gas crystals.

In the discontineously bonded or wmolecular crystal,
sets of atoms are tightly bonded by (intermolecular) chemical
valence forces and separated from adjacent sets by weak {(inter-
molecular) Yan der walls forces. In a first approximation the
spectrum resembles that of a gas molecule with the vibrational
lines slightly broadensd due to weak intermolecular coupling. In
addition there is 2 low frequency branch similiar to the spectrum
of a heavier rare—gas crystal. To this class belong the solid
polyatomic gases,most organic compounds, sulphur  and
non—metallic compounds.

In the third class, the intermolecular forces are
somewhat greater than those in  the molecular case and the
branches may overlap. The vibrational problem may occasionally be
treated as a perturbation of the class 2 case. Examples of this
group include 1onic crystals containing polyatomic ions, hydrogen
bonded crystals and strongly dipolar crysials.

Generally, ordering of cations results in a2 lowering of
the overall symmetry which means an increasing number of IR
active vibrations. Sg the infrared spectrum of the ordered
spinels will show a fine structure compared with the disordered

structure, but on the other hard, appearance of extra absorptions

(4]



in the spectra of solid solutions does not indicate any kind of
ordering.17

A cursory inspection of the spectra shows two
absorption bands below 1000 cm-iappear as a common fTeature of
a2ll the ferrites. Absorption in this region is not restricted to
this class of compounds but occurs 1n the spectra of most
metallic oxides.'® The bands arise from lattice vibrations of
the oxide ions against cations. At higher freguencies gradually
increasing absorpftion caused by eleckronic transitions is

observed.

Infrared studies on simple ferrites with the general

formula M Fe_ O was examined by Waldron. He has given the

4
detailed analysis for computing force constant and specific hesat
of the materizl. He has also discussed modes of vibrations in
spinels. Cubic or tetragonal distortion of manganese farrites has

been observed with IR specitra by Brabers. PMost of the work was

. . . . . 4+ .
done by him to uwunderstand ionic ordering 1in Ti containing

19,20,22 22

spinels. V.R.K. HMurthy et al. have studied the IR
absorption in Ni—-Zn ferrites. They have alsoc considered that
vibrations in band positions can be ascribed to chanoe in the
Fe—0 band distances in octahedral! and tetrahedral sites. The
vibration is similar to that observed by introducing foreign

atoms in the Spinel.za
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2.C.2 Experimental

The IR spectra of the ferrite samples were recorded at

. . -1 . -1 .
room temperature in the range 200 cm to BCGO cm by using IR

spectrometer (Perkin—-Elmer model 783) in the KBr medium at USILC,

Shivaji University, Kolhapur.

2.C.3 Results and Discussion

The Infrared absorption spectra for the samples

ngCdl_vSmyFe?_yD4 (x=0.3, y=0, 0.1, 0.2, 0.3, 0.4, 0.5} are
. c - C140 2:C 6 . C
shown in flgs?Fff’ respectively. Table 2:¢1 shows the wave

numbers of different absorption bands in the samples.

in the spinel ferrites the vibrational frequencies
depend upon cation mass, cation oxygen bonding distance and
urit cell paramesters. The present ferrite show two dominant
absorption bands around 600 Cm’I and 425 cm_l. The high frequency

absorption band is designated as vy while the low frequency

absorption band is designated as v.. Waldron®* and Hafnerzs, who

e

were among the earliest to study the vibrational spectrz of

<

ferrites atiributed the high frequency band vy to the intrinsic

(P2
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Table 2.C.1

Positions of IR absorption bonds in

ngCdl_xSmyFea_yO4 ferrites with x = 0.5
-1 -1 sy
v v,cm vLCm Composition
O 590 430 ”Q,ECd.SFEEDQ
] ] 42 Mo i S
.1 &H00 4325 Jg'sbdusaﬂ‘iFei.gﬂq
0.2 570 425 ﬁg.ﬁgd.ssm.EFei.Bﬁ4
0.3 537G 430 ﬁg.siﬁ'ﬁsm-3F91.7§4
.4 580 430 Ng'SCd‘sgm‘aFei-&D4
.9 530 43 Mg-iﬁd_SSm_ﬁFei-SD4
Table 2.C.2
Bond length and force constant data for
MQXCdl—xsmyFez-y04 Ferrite with X = 0.5
. - Bond lengths Force constants
 { Composition
_ dyne/cm
= o ) )
Rg‘ Al RB { A ki LE
G Mo BCd 5F9?04 2.0248 2.0B19 124195.55 2EEZE7.03
.1 ﬁg_sﬁd_sﬁm.IFei‘§D4 2.0204 2.0774 123277 .83 274953.58
ST & 7023 =0 DIDF z DFIITOG I
G.2 NQ.SCd.Ssm.EFEI.BG4 F.0230 2.078 123277 .83 271325.21
0.3 HQ.SCd.Ssm.SFel,?D4 2.0277  2.0846 1246195.55 274410, 64
: 2L.023E 2.08C DR201. 12 2 -7
0.4 Hg.Scd.SEm.4FE1.&U4 2.02 0goa 109201 .1 &B8481 .75
-5 2.042 2. 1000 2 5.55 2 29.
G ﬁg.SEd.Ssm.SFEI.SGQ G424 1000 126195.55 FI727.17




vibrations of the tetrahedral complexes and the band v, to the

a

26 observed that in normal

octzahedral complexes. Tarte et 2l.
ferrites both the absorption bands depend mainly on the nature of
the octahedral cations and not much on the nature of the
tetrahedral i1ons.

It has been noted earlier that the increase in  band

length normally leads to the decrease in the force constant.

Shrivastava and Srinivasan27 have, however, observad SoHne
unexpected results in the case of Ni-Cu ferrites. They have
attributed this to the fact that oxygen can form, under

favourable condifions, stronger bonds with metal ions even aj’
longer internuclear separation. Similar behaviour has been
observed for transition metal oxides with atomic numbers in the
range 26 < 2 4 29 {(28). Recently, Bhise et a1?® have shown that
force constants k1 and EE increase with band lengths Rﬁ and RB.

The resulfs on the present series show that no such regular

relation exists between bond lengths and force constants.

PART - D
Curie Temperature Measurements
2.D.1 Intraoduction

Curie temperature is a temperature at which &

ferromagnetic or a ferrimagnetic state of a3 material changes fo

TC



paramagnetic state. It is also called a disordering temperature
because the magnetic ordering is destroyed above this
temperature. In the disordered state above the Curie temperature,
thermal energy overrides any interaction between the local
magnetic moments of ions. Below the Curie temperature, these
interactions are predominant and force the local moments to
order, so that there is a net spontaneous magnetization. Thus,
Curie temperature (Tc}) is the temperature below which there is a
sponftanenus magnetization (M) in the absence of an external

applied magnetic field and above it the material is paramagnetic.

In the ferromagnetic case, as the temperzture T
increases from absolute zero, the spontaneous magnetization
decreases from ND {the value of spontaneous magnetization at T=0}
to zero. At first, this occurs gradually and then it increases
rapidly uwuntil +the magnetization disappears at the Curie
temperature, In the ferrimagnetic materials the course of
magnetization with temperature may be more complicated but the
spontansous magnetization disappears at the Curie temperature.
In antiferrocmagnetic materials, the corresponding ordering
temperature is termed as the Neel temperature. EBelow the HNeel
temperature, the magnetic sublattices have a spontaneous
magnetization, though the net magnetization of the material is

zero. Above the NhNeel temperature the materizl is paramagnetic.

T



2.D. 2 Experimental

For the determination of Curie temperature by the
Loroia technigue, a soft iron rod of diameter less than the
diameter of furnace was introduced into it from the upper end.
The rod was magnetized by passing a current through a coil of
copper wire. The pellet was stuck to the lower end of the magnst

and it was heated.

The ferrite sample remained in contact with the
electromagnet £ill the Curie temperature was attaimed. As soon as
the Curie temperature was reached the ferrite sample lost its
contact with the magnet and fell under graviiy. The temperature

at this moment was recorded with the help of thermocouple.

2.D.3 Results and Discussion

The Curie temperatures obtained by Loroia and
permeability technigues as a function of samarium content are
given in Table 2.D.1. It —an be observed that the Curie
temperature decreases continuously and linearly with increasing
samariwn conient but it is very low when samarium is undoped.
The observed decrease can be suplained on the basis of exuchange
interaction between the ions. According to Neel s model the Curie
temperature for a series of ferrites is proportional to  the

=

ot . .
product of the iron {(Fe )} contents on the two sites and their

inter sublattice, FE§—3~FEB distances and angles. In pur system,

TL



Table - 20 Do 1

Yalues of Curie temperatures cobtained by Loroia technique for

ngCdi_xSmyFea_yO4 system with x = 0.5

Y Composition Temperature
______________________ - R S =S

O MQD.SCdO.5F8204 85

.1 Hgo_5Cdo_59mﬂ_1Fe1_qD4 332

©.2 M35 .5%% .55 2F €1 g% 167

0.3 HQD.SCdO.SsmO.SFe1.7D4 162

.4 MQQ.SCdO.SSmD.4Fei.6B4 157

0.5 MQD SCdO.SSmﬁ.SFel.SD4 172



the substitution of Sm ions {(y=0,
iron ion concentration from 2 to
number of ferrous ions on the
reduction of Tc can be related to
on  octahedrsl and tetrahedral

concentration.

7L

.1 to 0.3) ions changes
2-2y thereby decreasing
octahedral sites. Thus,

. . s S
the reduction in Fe” ions

sites on increasing of

the

the

the

both

Sm
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