Chapter II

Preparation and characterization




SECTION A - PREPARATION
2.0 INTRODUCT ION

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

discussed briefly.

2.1 METHODS OF FERRITE PREPARATION
p
2.1.1 Ceramic Method

Ceramic method is one of the most extensively used
method for ferrite preparation. High purity oxides of
divalent transition metals and iron oxide/ére mixed in
the required proportions in the wet medium. The dried
minture is presintered at a certain temperature (around
806G <C) for a few hours. The material is broken up,
milled and sieved before pressing it in the desired

form. The final sintering of the product is carried out

at a suitable high temperature (1000 - 1200 <C).
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2.1.2 Decomposition Method

The salts of metals like carbonates, nitrates and
oxalates are sometimes used in place of oxides. At the
time of sintering in air, they produce oxides by
thermal decomposition. The oxides so formed

consequently undergo solid state reaction to form a

ferrite.

2.1.3 Hydroxide Precipitation Method

The method is based upon gimul taneous
precipitation of required oxides from solution. The
essential requirements of the method are knowledge of
solubility product and guantitative understanding of
the chemical process. Economus [1] and Wolf et. al. [2]
have employed this method for ferrites and rare earth

garnets respectively.

2.1.4 Oxalate Precipitation Method -

This method is preferred to others mainly because
of the fact that ammonium oxalate does not leave any
residue during precipitation. Secondly, most of metal
oxalates are very similar in crystal structure soc that
precipitation tends to produce mixed crystals which
contain the metallic cations in the proportion in which

they were present in the soclution. The mixing on the
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molecular scale will lead to the formation of ferrite
at much lower temperatures than those required for

usual oxide mixtures.

2.2 SINTERING

The sintering process plays the important role in

controlling the extrinsic properties of ferrites. The

sintering is carried out generally in two stages.

2.2.1 Presintering

DuFing presintering the materials react partially
to form a ferrites. The purpose of presintering is -

1} to decompose the carbonates or pigher oxides
thereby reducing the evolution éf gas in; the final
siste}ing Q -

2) to assist in homogenizing the materials

3) to reduce or control the shrinkage occurring

during final sintering.

2.2.2 Final Sintering

The final sintering is the vital part in ceramic

process. At the time of the final sintering,

—— -

development of microstructure starts. This sintering is
carried out at high temperature above 10800 <=C. With a

proper control over sintering temperature and time one
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can develop ferrites having desired grain size and
porosity.

The rate at which the ferrite are cooled also
affect the magnetic properties of ferrites. The cooling
rate must be slow to avoid brittle solids and random

distribution of ions on A and B sites. The ferrites are

required to be cooled in low oxygen atmosphere to avoid ;:*;

TS .
re—-oxidation of ferrite which results in the farmation Iﬂajv~
of non—magnetic surface layer. //27Q

2.2.3 Solid State Reaction

According to Wagner {3] the spinel phase
Mg2+Fea®*0s is formed at the interface.of MgQ=+ and
Fezx¥*03. The reaction proceeds by the counter diffusion
of the cations Mg=2®* and Fe®* in the ratio 3:2 through
a practically rigid lattice of oxygen anions (Figure
2.1 a). 1If we provide the interface with marker in the
ratio 1:3 the marker should be undergec no shift during
the reaction. The ratio for MgAlz0. is found to be
1:3 where as it is 132.7 for MgFeaOa [4].

According to the Wagner model, in case of MgAlz0a
formation, the Fexz0s of MgFex04-Fea0x phase boundary
dissolves into the spinel phase without any loss of

oxygen i.e. iron remains in the trivalent state. The
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dissolution of Fealls into spinel is accompanied by the
loss of oxygen. Assuming counter diffusion model with
Mg=~ and Fe2+* instead of Mg=2* and Fe®** and with
oxygen transport through the gas phase the volume ratio
of MgFe=0s4 phase formed on both side of marketrs should
be 1:2 and there should be smaller displacement of the
markers. The effect is also called as Kirkendall
effect (Figure 2.1b). This mechanism has the important
consequence that the reaction becomes dependent on
oxygen - partial pressure. The reaction rate will
increase by reducing conditions because large
concentration gradient are set-up over the reaction
layer and more Fex0s can dissolve into the spinel phase
[{%3. 1t is proved earlier {61 that the formation of
MgFex04 takes place due to Kirkendall effect. The
completion of solid state reaction can be confirmed by

»—ray diffraction technique.

2.2.4 HOT PRESSING

To achieve the small grain size and high density
usually hot pressing technique is used. In this
process, simultaneocus application of temperature and
pressure take place (7]. The powder is enclosed in a

flexible container of rubber or plastic which may be
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evacuated and is compacted by immersing the container
in an oil bath to which the pressure is applied. This
effect is to give much more uniformity and high dehsity
than the conventional methods. It also encourages
continuous grain growth and favours to obtain low
porosity and grain size. It seems apparent that
pressure shou}d lead to a high degree of compaction and
enhance contact between grains during sintering. At
1200-C ferrites have sufficient plasticity to flow to a
considerable extent at high pressures. 1t is
favourable to produce high density compacts in which
the original grain size is maintained. Hot pressing
method is explained in detail by Murray et al [7] and

extended by Oudemans et al [8].

2.3 PREPARATION OF FERRITE SAMPLES (PRESENT CASE)
Ceramic technique involving double sintering was
used in the present case. In the ferrite system ZIn,Mg.-
wreTseFea—nels where » = 8.3, t =08, 0.05, 6.1, @.2
and t = 8.85, % = 0.2, 0.3, 0.4, 0.6 eight samples were
prepared. High purity oxides of zinc, magnesium,
titanium and iron were weigred in desired proportions
and mixed physically in agate mortar in acetone medium.

The presintering was carried out at 700 <C for eight

pT——
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"hours. The temperature of furnace was measured with the
help of cromel alumel thermocouple which was calibrated
before measuring the temperature of the furnace. The
preéintered powder was then ground in the agate mortar
in acetone medium. The pellets were prepared by
pressing the powder in a die of I cm diameter with the
help of hydraulic press by applying pressure of about 7
to 8 tons per square inch for 3 minutes. Toroids were
also prepared with the help of toroid die. The final
sintering of the compacts was carried out at 1100 <C
for 48 hours in air medium. The furnace was cooled at
the rate of 88 <C per hour. The flow chart of

preparation of ferrites is shown in the Figure 2.2.

S8ECTION - B : X—RAY STUDIES

2.4 INTRODUCTION

X-ray diftfraction has an important role in
research on solids in general and crystals in
particular. With the help of x—-ray diffraction one can
determine -~

1) the crystallinity of a given solid and its
crystal structure,

2) the nature of the phases present and
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3) structural parameters like lattice constant,
interplaner distances, radii of octahedral and
tetrahedral interstices and bond lengths.

According to Bragg’'s law, »x-rays are diffracted

from the planes (h k 1) when the equation

zd(hk‘) Sin 9 = nA ~ LR 2N B ) 2.1
where n - order of reflection d - interplaner
distance for (hkl) planes and © -~ glancing angle

satisfied.

One can scan the diffraction pattern of the
crystal either by varying the wavelength ( A } or by
varying glancing angle (&). Diffraction methods have
been developed to accomplish this. Depending on the

experimental situation the methods of diffraction are

as follows -

2.4.1 Laue Method
In this method the crystal is kept stationary in &
o
beam of continuous x-rays. The c¢rystal selects a

suitable wavelength (A) and diffraction occurs from a

plane with incident glancing angle (9).

2.4.2 Rotating Crystal Method
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In this method a crystal is rotated about a fixed
a»is in a beam of n-rays having tixed

wavelength. For a particular value of © Bragg's law

is satisfied and diffraction occurs.

2.4.3 Powder Method

This is the most widely used method of x-ray
diffraction of polycrystalline samples. This method
was developed by Debye and Scherrer [9] and Hull [10].
In this method the fine grained powdet+ is filled in a
capillary tube. The diffraction occurs simultaneously
from the individual c¢rystallites that happen to be
oriented with planes having the same angle of incidence
8. In this method the wavelength is fixed and crystal
is rotated. Recently, the counter diffractometers have
been developed to record the diffractograms. In the
counter diffractometer, the sample is placed at the
center, so that »x—rays fall on the plane surface of the
sample. About the same axis, rotates an arm carrying a
Geiger counter which records the diffracted »x-rays.
When the sample is rotated by an angle &, the counter
is turned through 20, After complete scanning the XRD

machine gives &a record showing the variation of
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intensities of diffracted
»—rays with angle 9.

2.3 RELEVANCE OF X-RAY DIFFRACTION TO FERRITE
RESEARCH

In as much as most of the ferrites are synthesized
by ceramic method and chemical method, it is almost
essential to verify the formation of the ferrite. The
degree of crystallinity alsoc needs to be found out and
the structural parameters like lattice constant,
position parameter and bond lengths need to the
determined. However the composition of the ferrite
affects these structural parameters to a lesser e)xtent.
But the cation distribution is very much sensitive to
composition and which gives rise to drastic change in
magnetic propertiee of ferrite. Therefore, it is but
natural to look towards X-ray diffraction as an
important and indispensable tool to study the
distribution of cations over the available sites in the
spinel structure.

Not withstanding the above, it is sometimes
essential to differentiate between the transition metal
cations having nearly the same atomic scattering factor
for x—-rays. In such a situation neution diffraction has

to be used as a complementary tool. As the element that

12648 44
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differ by only one atomic number, neutron diffraction
can show well distinguished lines due to the net
magnetic moment interacting with the neutron magnetic
moment. Neutron diffraction studies have been used to
find out the occupancy of different sites as well as
the oxygen parameters and magnetic orientation of the
magnetic moments of the ions. The neutron diffraction
studies of ferrites were carried out by number of
workers including Shull and Hastings f11,12].
Information about the particle size of the ferrites can
be obtéined from »x-ray line widths [13].

The present study of diffraction is used to
confirm the completion of solid state reaction,
observe impurity phases and to determine tﬁe structural

parameters.

2.6 EXPERIMENTAL TECHNIGUES

The powder diffraction patterns of all samples
studied in the present case were recorded with the
help of computerized XRD unit (Philips Model- APD
1718) with CuKa radiation (A = 1.5418 A= )L at
US{C, Shivaji University, rKalhapur. The » ray
diffraction patterns were taken with 26 values ranging

between 28° to 80< at a chart speed of 2</min.
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2.7 RESULTS AND DISCUSSION

The x~ray diffraction patterns for the Tis+
substituted Mg-In ferrites viz. Zn,MgicweecTicFRa.2:04
where » = 0.3, t = @, 08.03, 8.1 and 8.2 and t = 2.8%,
= 0.2, 8.3,0.4, 0.6, are shown in Figures 2.3 to 2.10@.
The diffraction patterns were indexed in the light of
the crystal structure of natural spinel. The calculated
and observed ‘d’ values are given in Tables 2.1 to
2.8. It is meen that the calculated and observed d
values are in good agreement with eé&h other for all
indexed planes. Since diffraction pattefﬁs do not show
any extra lines, single phase ferrite formation is
confirmed.

The variation of the lattice parameter with
content 6? titanium is shown in Figure 2.11a. It is
seen that there is an increase in the value of lattice
parameter with Ti** concentration. Das et al {14] have
studied the influence of Ti** in Ni-In ferrites. They
have reported that lattice parameter initially
decreases while after particular Ti4* concentration
there is monotonic increase in ‘a’ with the increase of
Ti** concentration. Usha-Varshney et al [15] have

reported variation of lattice parameter with the

L3
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Table 2.1

X—-ray diffraction data of Ine.sMge.-Fezxla ferrite
Wavelength -~ 1.%418 A<
lattice parameter a - 8.38 A<=
Structure - Cubic

e o = s e Somn o o o A — Lot W S —— G T — S P S Gk Wt P St WA 0 AL o Y o S s S o S S e Mol s e A Vi e G o i A N e i T

Sr. No. 20, deg deares A Gones A® (hk1l)
1 3e.1@ 2.9868  2.9668 220
2 35.48 __ 2.5296 . - -~ 22,8298 —311

X 43.14 2.897%5 2.4953 400

4 53.42 1.7126 1.713s8 422

& 87.88 1.6146 1.6001 333

6 62.50 1.4831 1.4847 440

Table 2.2

X-ray diffraction data of Zne.sMge. »=sTie.onfFes . +0a
ferrite
Wavelength - 1.5418 A«
lattice parameter a — 8.38 A<
Structure — Cubic

o o 1 Y Bne Lo o e Gras B e i WANA oot St G PP Stk W R4S e et Wt T e S et WA o (e N W S et P SRS SHAAS AR S SRewS W S9AES Sambe U Wt Smare Sbiey M S e S o

Sr. No. 20, deg dearcs A° Jowms A (hkl)
1 se.te 2.9627  2.9666 220
2 3%5.47 2.5266 2.5288 311

3 43.08 2.9950 2.09748 400

4 53.47 1.7185 1.7123 422

) 56.95 1.6127 1.615% 333

& 62.385 1.4813 1.4838 44Q
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Table 2.3

X—ray diffraction data of Zne.sMge.alia.1Fes . .ela
ferrite
Wavelength — 1.5418 A«
lattice parameter a - 8.39 A
Structure — Cubic

v v S e e v o Y S s o ook ot S TS o e (et S N TS T Ml o MAUD (WS D S ot e S UHAY o ot T S i o At A S3041 S i o U ot B oot s s S ot i

Sr. No. 28, deg dewrcs A® Jobes A® (hikl)
1 se.e7 z.9708  2.9690 220
2 35.41 2.8326 2.8329 311

3 47.00 2.10087 2.1015 400

4 53.38 1.7146 1.7148 422

b B6.91 1.6166 1.6167 33

& 62.65 1.4849 1.481% 4402

Table 2.4

X—ray diffraction data of an_sﬂgg_qTig,gFel_bD4
ferrite
Wavelength - 1.%5418 A=
lattice parameter a - 8.39 A<
Structure —- Cubic

s s S e e S S T . ot W O o T S Sdoss S A Sl S ThOOR AR S W AN SUnen S SBOBE $554% BN ikt v Lo SN Al Al AP S e b . WA S S . ot e W WA o S oo

Sr. No. 28, deg Uearas A Jdobues A (htl)
oy se.ts 2.9663 2.9622 220
e 35.45 2.9296 2.3298 311
3 43.89 2.097%5 2.0976 400
4 853.45 1.7126 1.7129 422
~
8 86.93 1.6144 1.6162 333



Table 2.5

X-ray diffraction data of ZNne.2M0v.es¥ie.asFe: . «0s
ferrite
Wavelength - 1.5418 A=
lattice parameter a - 8.35 A=
Structure - Cubic

Sr. Mo. 20, deg Gemics A dobes A® (hkl)
N se.23  2.9524  2.9536 228
2 35.60 2.8176 2.8519% 311

3 43.21 2.8875 2.0918 400

4 3. 85 1.7061 1.7099 422

o 897 .09 1.6069 1.6120 333

6 b2.689 1.47460 1.4817 440

Table 2.6

X-ray diffraction data of Ine.sMge.7sTie.esfFe. .04
ferrite
Wavelength — 1.9%418 A
lattice parameter a - 8.38 A<
Structure — Cubic

B e T R R L L T ep———

Sr. No. 20, deg dearcs A doves A (hkl)

L se.ie z.9e26  2.9686 220
2 35,47 2.5266 ?.5286 314
3 43.08 2.0950 2.0978 400
4 53.47 1.710% 1.712% 422
b 856.95 1.6127 1.6155 333

6 62,808 1.4813 1.4838 440
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Table 2.7

X—ray diffraction data of Znu.qmgo.bgTim,gaFel.vOQ
ferrite
Wavelength - 1.5418 Ae
lattice parameter a - 8.36 A«
Structure - Cubic

Sr. No. 20, deg Jewries A® dowms A® (k1)
1 ze.2a z.9mem 2.9287 270
2 35.58 2.58206 2.5209 311

= 43,19 2.0901 2.0927 400

q 5%.59 1.7064 1.7086 422

S &87.04 1.4088 1.6132 333

& 62.62 1.4778 1.4823 440

Table 2.8

X—ray diffraction data of Ina.eMQe.anlim.asfFe; 204
ferrite
Wavelength -~ 1.5418 A=
lattice parameter a - 8.42 A°
Structure - Cubic

Sr. No. 20, deg dewmies A dowes A (hkl)
1 29.91 2.988a  z.98a5 220
2 38,247 2.5%417 2.5426 311

3 42.87 2.187%5 2.1076 400

4 83.22 1.7207 1.7196 422

3 86.76 1.6223 1.62@% 333
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content of Sn** and In2*. It is found that the lattice
para;éter increases with the increase of 8Sn** and In=*
content. Similar results have also been reported in
case of Ti** substituted nickel zinc ferrites by BRaijal
et al {16].

Figure 2.11b shows the compositional variation of
lattice parameter fTor the series In.Mgi-weeTicFea.ae04
where t = 0.03, x = @.,2, 0.3, 0.4, @.6. The observed
increase in the lattice parameter on addition of In=+
in the system can be attributed to the ionic volume
differences (ZIn®* (0.80 A=) and Mg=2*+ (B8.79 A=), The
role of In®* ions is to occupy A-site and to increase
the lattice parameter. Small amount of Ti4* does not
appear to distort the lattice parameter in case of Mg
or In ferrite.

The bond lengths (Ra and Re) and site radii (rpa
and ra) calculated using the following relations are
given in Tables 2.9 and 2.1@.

Ra = a\!3 (6 + 1/8)
and

N
b

Re = a J1/16 - & /2 +3 5=

ra = (u - 1/74) a-J3 - Reo
and 2.3

{ 3/8 - u ) a - Ra

-~
v
]

where Ra = Distance of cations from oxygen
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Table - 2.9

Data on bond lengths (Ra, Ra) and site radii (ra, re)

fTor InMgy—weeTacFea_ 204 ( where »x = 8.3 ) ferrites

o Ray A= FRmy A= s A= ros A=

oo 1.9%08  z2.0296 v.5e0a  @.6779
B.a5 1.9304 2.0296 @. 5804 Q.6779
8.1 1.9350 2.8344 @.5930 A3.681%
e.2 1.935@ Z2.0328 @.5827 B.68a83

it o s i S o e o o O o R it s B Sl i Bt Mot Y S MBS W e b LS SO e Ao TR WA W ke TSP S Pt (o St TS S S S S RO Mk bt S Hnth ot b S bt Sohes s

Table - 2.1@

Data on bond lengths (Ra, Rw) and site radii (ra, trw)
for InMgi-nsrelicFea-acla ( where t = @.8% ) ferrites

b RA s AQ R' [ AQ l"a . Qu l"g y Ao
2.2 1.9246 2.0230 B.5748 B.6719
@a.3 1.9304 2.0296 v.5804 @.6779

. 2758 @.6731

a
8.6 1.9419 2.0417 2.5908 ©.46888

o ok o Sarmt o Al it e b OO S ke S S el e R A ot SAare e U O (b s S99 PR (i S VAL S oo e Gk TR Ny o ol M4 WS S i o4t Wi Aakek Lo S s S B Aot S B



Re = Digstance of anions from oxygen in B
site
Ro = Radius of oxygen ion = 1.35 A=

ra = Tetrahedral site radius

e Octahedral site radius
& = Deviation from oxygen parameter (u)
= U = Usiuwar [ Uidear = @.375 A=)
From Tables 2.9 and 2.10 it is seen that the bond
length Re 1is always greater than KRa. There 1is no
remarkable change in the bond lengths and site radii of
the samples.

_wThe s—ray density ( dx ) and actual density (da)
and édfosity (P) of the samples were calculated from

the relations -

8M
dx= ——————————— LI 2.4
Na™®
m
da"‘ ___________ s w e 2-5
n rat
and FP(%Z) = (dx — da )/dx ¥ 100 cos 2.6

where M = Molecular weight of sample
| N = Avogadros Number
a = lattice parameter
m = mass of pellet

r = radius of pellet
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Table 2.11%

X-ray density, actual density and porosity data for
InMgs-neeTacFen—2¢0a ( where » = 8.3 ) ferrites

t Gomrmy (di) Gacruar {da) porosity, %
gm/cc gm/cc (F)
" e.e 4.9 2.8 ap.sz
D.0% 4.74 2.97 4%.78
0.1 4.67 2.69 42, X%
2.2 4,59 2.71 4@.9@
Table 2.12

X-ray density, actual density and porosity data for
N, Mos—neeToscFenr—2¢04 ( where t = 0.83 ) ferrites

» O ray (d2) acruar {(da) porosity, %
gm/cc gm/cc (F)

ez a.e9 2.7 at.2s
a.3 4.74 2.57 45.78
0.4 4.87 .01 38.18
8.6 3.49 3.18 35.25



t = thickness of pellet
Data on x—ray density, actual density and porosity
ie given in Tables 2.11 and 2.12. The samples are

about 48% porous.

SECTION - C
INFRA-RED SPECTRA
2.8 INTRODUCTION

Electromagnetic radiation with wavelengths in the
range 1 micron to 1 mm is termed as infrared radiation,.
The enerqgy corresponds to the vibrational modes of
molecular motion. Therefore the vibrational energy of
the molecules in the solids is determined by infrared
spectroscopy.

The optical spectra of ferrites give information
about the various vibrational modes in the presence or
absence of Fe=®*+* ions in the ferrites, where a= the
vibrational, electronic and magnetic dipole spectra
provide information about the position and valency of
the ions in the crystal. Infrared spectra are used to
detect the presence of absorption or emission bands in
the ferrites.

Waldron [17] has studied infrared spectra of some

simple ferrites in the range of 108 cm—* to 1688 cm—?t.
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buands
He has observed two absorption?in the frequency range

of 280 cm~* to 1080 cm~*. He has assigned the high
frequency band ( Vi) at 680 cm-* to tetrahedral
complexes and low frequency band (Va) at 400 cm~—* to
octahedral complexes. He also reported that a gradual
increase in the absorption of higher frequencies caused
by electronic transition. Hafner (18], Tarte [19] and
others [20,21] applied infrared spectroscopy in
investigate the absorption bands in many normal as well
as inverse spinel ferrites. It has been pointed out
that vibrational frequencies depends on the mass of
cations, bonding force, distance and unit cell
dimensions [22}. Hafner {181, White and Angelish ([21]
and many other workers (19,22,23,24] have studied the
IR bands in the ferrites and their conclusion were same
as those of Waldron. The bands YWz and Ya are sometimes
observed in spinel ferrites (295].

For the analysis of a IR spectra, it is necessary
to consider a vibrational problem, which 1is most
conveniently treated by classifying the crystals
according to the continuity of bonding as (1)
continuously bonded, {I1) discontinuously bonded and

(I11) intermediates.
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In the continuously- bonded crystals the atoms are
bonded to all the nearest neighbours by the equivalent
forces (ionic, covalent or van der walls) and freguency
distribution of the vibration is given by Debye or
Bornvan Karman treatment of classical mechanical
problem and includes simplé ionic crystals.

In the discontinuously bonded crystals, sets of
atoms are tightly bonded by (intermolecular) chemical
valance forces and separated from adjacent sets by weak
van der wall forces. e.g. solid polyatomic gases, most
organic compounds, non metallic compounds.

In the third class, the intermolecular forces are
somewhat greater than those in molecular cases and the
branches may overlap and the vibrational problem may
occasionally be treated as a perturbation of class-2
cases. Examples of this groups includes ionic crystals
containing polyatomic ions, hydrogen—bonded crystals
and strongly dipolar crystals.

The application of I1.R spectroscopy to ferrites is
mainly to -

1) detect the completion of sclid state reaction
2) study of cation distribution
3) study the deformation of cubic spinel structure and

distribution of cations and
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4) calculate force constants for tetrahedral and

octahedral sites.

2.9 EXPERIMENTAL TECHNIQUES

The IR spectra of all ferrite samples were
recorded on Perkin Elmer IR spectrometer (Model 783).
For recording the spectra, powders were mixed with kKBr
irn the ratio of 1:2% by weight to ensure uniform
dispersion in the KBr pellet. The misxed powders were
pressed in a cylindrical die to obtain clean discs of
approsximately 1 mm thickness. The IR spectra in the
fregquency range ’éBB—BBG em—* were recorded at room
temperature. This facility is made available by USIC,

Shivaji University, Kolhapur.

2.1@8 RESULTS AND DISCUSSION

The IR spectra of present samples are shown in
Figures 2.12 to 2.15. The spectra were used to locate
the band positions which are noted in Tables 2.13 and
2.14. In general the present ferrite samples show two
absarptién bands V) and VYa. The high freguency band

{Y1) has been assigned to tetrahedral comple)res while

the 1low frequency band ( Y2) to the octahedral

complexes.
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Table 2.13

Lattice vibration frequencies for ZIn,. Mgi-w+elTicFen—ncla
ferrites (» = @.3)

o oy e i et e o bl i Vo A Ao S ot e Sy (e G R e WY AT i e S St Vet P S WAL WA P W e e s b et WD RS SaOr WS o e Simme S i okt bt Sot43 oo e T v

t L CM™Y 2, CM™L
"""" .0 sew &
9.05 583 449
2.1 682 452
8.2 600 4351
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Table 2.1dq

lLattice vibration frequencies for In,Mgi-wselieFenamaecla
ferrites (t = 0.0%)

i 1y CM™3 2. CT2
"""""""" .2 =@ 7 aaz
a.3 583 449
2.4 604 4435
@.6 602 450
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In the present study the absorption band for the
series are found to be in the expected range (4600-300
cm—*). The difference in ¥, and Y= is expected due to
the different Fe-0 distances at the octahedral and
tetrahedral sites. The Table 2.’3*2¥gveals that the
positions of absorption bands change slightly from one
mixed ferrite to other. This change may be due to the
change in the Fe®**-0x~ complexes with the increase of

zinc concentration. It suggests that the method of

i

preparatiog, grain size and porosity can be the
influeneing factors in locating the positions.vThe band
positions in the present system are not very regular.
Braber [26] has classified the lattice vibrations
of the cubic spinel. According talhis classification
there are four IR active modes which are triply
degenerate vibrations may split in two or three
vibrations for normal spinels. If the splitting is not
too large and there is certain statistical distribution
of various cations over the tetrahedral and octahedral
sites. One cannot observe the splitting but only
broadening of the absorption. The broad absorption
bands which are observed in the spectra of present
system may be due to this effect because the Mg ferrite

‘is a partially inverse whereas In ferrite is normal

~
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ferrite [27]1. The Ti*+ ions are distributed both over

the A and B-sites.
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