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1. Introduction

Distribution of cations over tetrahedral and octiahé sites has
been the subject of many researchers [1-4], sileotrieal, magnetic,
structural and other properties of ferrite arersgip dependent on the
arrangement of ions in the unit cell. The factdss6] which can
influence the distribution of the metal ions ovee A and B sites are
their ionic radii, electronic configuration of thmetal ions and the
electrostatic energy of the spinel lattice. Thearathnding of cation
distribution is an essential aspect for obtainingigh-quality ferrite
for a specific application.

Many investigators have reported the distributioh o
manganese ions over tetrahedral and octahedrad sitel the
observations found to often conflicting. Throughutnen diffraction
study [7, 8], the distribution of cations in mangae ferrite was

given aﬁ(Mngf&Fe%flg)[Mnﬁl 9|:e31+_8;l Ojn which nearly 80% of

manganese occupying tetrahedral sites. In_MnFe0, system [9],
Mn?* and F&" ions tend to occupy octahedral sites than tetrahed
sites. DH Le et. al. [10] concluded through Mosswastudy, MA*
ions tend to occupy B-sites at lower concentratiand A-sites at
higher concentration. Krieble et. al. [11] studi€@bMnFe, O,
system and observed the transfer of cobalt ioms frotahedral sites
to tetrahedral sites with an increase in manganes&ent at B-site.
Basing on the oxidation state, Ririons have strong preference for
octahedral sites when replacing®Féons in cobalt ferrite [8, 12]
whereas MA" ions tend to occupy tetrahedral sites [13] i Cis
replaced by Mf'". Similar observations have been mentioned in
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cobalt - manganese ferrite by Paulsen et. al.[tdNi;  Mn,Fe0,
using X-ray diffraction study Qiang-Min Wei et dI1,5] reported that
the system belonged to the family of mixed or pélstinverse spinel
ferrites. In another report [16] the same autfestablished that Kii
ions have strong preference to occupy B-site, vasetee MR ions
having preference towards A-site. Cation distributin NiMn.,.
«F&.4,0,4 has been proposed [17] using thermodynamic meémot
found to be in good agreement with the distributibtained from X-
ray diffraction study. Occupancy of a fraction @fizions to B-sites
has been reported [18] in Mn-Zn nanoferrites sysitteal by
hydrothermal process.

The aim of the present work is i) processing ofefin
particles of cobalt containing ferrite samples WigsFe0,,
Mny CoysF&0, and MnZngFe0, by co-precipitation method
followed by annealing ii) study of crystallite sizZeom X-ray
diffraction and Curie temperature of the ferrit@sdetermination of
cation distribution from saturation magnetizatioeasurements iv)
calculation of the theoretical lattice parametesnirthe proposed
cation distribution and comparison of theoreticatigtimated and
experimentally obtained lattice parameters.

2. Experimental details

For the preparation of MnrMeysFe,0, (Me = Ni, Co and Zn)
through co-precipitation, high pure cobalt, zineckel, manganese
and iron chlorides were taken in stioichiometriopmrtions and
made dissolved separately in minimum amount of rdeéd water
according to the chemical formula.
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(0.7)MNCb. 4 H,0 + (0.3) MeC).. 6H,0 + 2 FeC} + 8 NaOH —
Mng Mg, sF6,0, + 8 NaCl + 8HO

Thus prepared cationic solution were mixed intinyase as to obtain
the required compositions and stirred intenselylfdir to improve
homogeneity. The resulting solutions, precursomsbjested to
constant heating at 80 under continuous stirring. At this stage the
co-precipitating base, agueous NaOH in requiredognmn was
added slowly drop by drop to the precursor solgitif a massy
precipitate was formed at the bottom of the reactiessel. Washing
of the precipitate was done several times with mesd water and
finally with acetone to remove the traces of watry. Pellets were
prepared using 15 % polyvinyl alcohol under a uiaslbgpressure of
10° psi. X-ray diffraction patterns of all the samplesre recorded
using Rigaku Miniflex X-ray diffractometer with Oge radiation
(A=1.5406 A). Saturation magnetization was measureihgu
Ponderometer method [19]. Curie temperature wasrighed with
Soohoo method [20].

3. Resultsand Discussion

X-ray diffraction patterns of the MpMe, sF&0, (Me = Ni, Co
and Zn) powders confirmed the single phase spitrekctsire [fig
1(a)]. The average crystallite size of all the sk®phas been
estimated using FWHM of each diffraction peak arabye-Scherrer
formula [21, 22]. In order to obtain FWHM, a nondar least square
fit has been constructed assuming experimentaligiobd diffraction
peaks obey Voigt function [fig 1(b)].
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Figure 1: a) X-ray diffraction peaks b) Least squares fittiffigr a
prominent (311) peak assuming either Lorentzian ovoigt
function.

The value of average crystallite size is also esth by constructing
Williamson-Hall plots (B9 versusiNd) using the values of
A A

FWHM and incident anglé corresponding to each diffraction peak.

Extrapolation of these graphs provides the value BfOSO
A
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corresponding to zero strain, the reciprocal ofalvhidetermines the
crystallite size [fig. 2(a)]. The average crystallsize has also been
obtained from full-width at half maximum (FWHM) @ach X-ray
diffraction peak by using the Debye-Scherrer fommuRAverage
crystallite size calculated from both the methosldaund to be in
close agreement and increasing with increasingciomidii of
substituted metal cation which might be attributecentry of each
ion into the lattice and variations in the ratesreéction for each
specific ion [fig. 2(b)]. Similar tendency has beesticed in lattice
constant, obtained from Nelson-Riley function. Bhserved trend of
the lattice constant is in accordance with theaasing ionic radii of
substituted metallic ionsAy> reo> ryi)-
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Figure 2: a) Average crystallite size and b) Lagiconstant versus
ionic radius

Figure 3(a) shows the variations in saturation retigation with
ionic radius of the dopant. The value of saturatieagnetization of
manganese ferrite is found to be 80 emu/g and agnmtization
decreases with the substitution ofNions in place of manganese.
This is due to the less value of magnetic momesbaated with

nickel ion (2/4) compared to that of Miiion (5L ). Mn** ions

have strong preference for tetrahedral sites irsflieel lattice where
as nickel ions are known to occupy octahedral sites
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Figure 3: a) Saturation magnetization and b) Curieemperature
versus ionic radius

Out of the total manganese content in Mn feriitehas
been reported that [6] only 80% of the #ions occupy A-site and
the remaining manganese ions in B-site are replagethe nickel
ions causing a decrease in the B-site magnetic mbme the net
magnetic moment of the ferrite is equal to theedéhce of the both
B and A-site magnetic moments,gN1,, a decrease in the overall
magnetic moment of the sample is expected. Thid &frexplanation
is valid provided the strongest A-B interactiongigis among various
cations existing on A and B sublattices.
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Substitution of cobalt ions in place of manganessults in the
reduction of saturation magnetization slightly. §ban be attributed
to the occupancy of cobalt ions. It has been repoithat [19] cobalt
ions tend to occupy 20% for A-sites and the renmgr80% for B-
sites in the spinel lattice. When manganese ionh wiagnetic

moment 5/ are replaced by Sbions with magnetic moment 3

Mg, decreases B-site magnetization. So the net miagmeiment

decreases and hence the observed reduction in tizegion.
In case of zinc substitution, zinc ions have thesual tendency
towards A-sites whereas manganese ions are disdtibrough both
the sites. Replacement of A-site manganese with ipins decreases
the magnetic moment the respective sublattice andéthe resultant
magnetization, M-M,, increases a bit consequently which has been
noticed in the current study.

Figure 3(b) shows the variations in Curie tempemtés
all the compositions containing constant amountahganese at A-
sites, the variation in 3 has been explained on the basis of the
presence of other ions at A-site. In spinel stnecteach A-site ion
has in its immediate surrounding 12 B-site neighlzord each B-site
ion has 6 A-sites as immediate neighbors. Iy Mo, sF&0,, B-site
ion is surrounded by cobalt and iron ions whereadliy Nig sF&0,
sample the same sees iron ions as its neighborsveA&now the
cobalt ion has less magnetic moment than iron ind eeduced
amount of iron in Mp;Cq3Fe0, sample along with cobalt are
responsible for the lower of value Curie tempemataompared to
Mngy NigsFe0,. In MngNigFe0, ferrite, as B-site sees only
nonmagnetic zinc environment drastic decrease meGemperature
is observed.

It is well known [7, 9, 15] in mixed ferrite systenthat
Zn?* ions occupy tetrahedral sites,?Nions occupy octahedral sites
and Mrf* ions occupy tetrahedral sites. Zdons are reported to
occupy tetrahedral A sites partially up to 5 mole[20] in cobalt
ferrite and cobalt substituted manganese ferrig. [@n the basis of
above site preference consideratidhe following distributions for
the samples of the present study are proposed.

Mn,Ni, Fe,0, - (Mn* Fe’;;g)[ NP Fe'] O
~ (M cé Fe ) ce FE] ©

0.03 173 a4
Mn,.Zn, Fe,0, - (Mt zd)[ Fé&'] &

Besides providing the experimentally observed datticonstant,
theoretical lattice constants have also been ewdnasing the
following formulae by proposing cationic distribomi of metal ions
in the spinel lattice in order to check the comest of the proposed
distribution.

M n O.7COO.BF62 O4

s

Aiaen

8, =55 (1+R)+V3(1,+ R)]
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Where I, and g are radii of tetrahedral and octahedral sites

respectively. Ro is the radius of oxygen iorll is oxygen positional

parameter. For face centered cubic structure theevaf oxygen
parameter is 0.375. Theoretical lattice constamtsesponding to
these ferrites have been calculated using the pembccationic
distributions. The calculated lattice constants fmend to be in
agreement with the experimentally observed and rtegolattice
constant values (Table 1).

4. Conclusions

X-ray diffraction measurements confirmed the sirgiase spinel
structure for all the ferrites and lattice constiaa$ been measured by
using Nelson-Riley function. Cation distributiorr the compositions
has been proposed on the basis of saturation nizatha values
and the preferred site occupancy of the ions inférdte lattice.
Confirmation of cation distribution has been dometgh theoretical
lattice constant calculations. A good agreemenivbet theoretical
and experimental lattice constants has been fownrd afl the
compositions.

Table 1: Theoretical, experimental and reported values of lattice
constants

Proposed Experimental| Reported
Composition distribution CI,D P Reference
0 (A% (A%
(A%
Mno Nio.sF€:04 8.39 8.40 8.40 [24]
MnoCo Fe0, | 8.42 8.42 8.46 [25]
MnoZnosFe0,s | 8.43 8.48 8.47 [26]
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