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ABSTRACT

Mn-Zn ferrite samples have been prepared from Mn,O, powders supplied
by two different suppliers from Indiaand abroad. Despite of high purity of
both the powders, the magnetic properties of prepared Mn-Zn ferrite samples
were different. The X-Ray diffraction analysis of the Mn,O, powders, pre-
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sintered and sintered Mn-Zn ferrites prepared fromindigenous and imported
Mn,O, powders have been done to identify the phases. It was found that
basic causes of variation in properties are the existence of other non mag-

netic phases in the indigenously processed sample.
© 2007 Trade ScienceInc. - INDIA

INTRODUCTION

Mn-Znferritematerid sarethemost broadly known
category of oft dectromagneticmaterids. Thesearepoly-
ayddlinemaeidsayddlizedinthecubicsructuresmi-
lar tothat of theminerd “spind”. Thair magnetic proper-
tiesarisefrominteractionsbetween themagneticdipoles
of themetdlicions(i.e. Fe, Mn), that have uncompen-
sated spindectronsand therefore net magnetic moments,
occupying certain pogtionsinre aiontotheoxygenions
inthecrydd latticg¥. Mn-Znferritesfind various gppli-
cationsin devicesthat canbebasicaly characterized as
inductors, transformersand absorbersand can befound
amog indl broad consumptionineectric, eectronicor
telecommuni cation equipments.

Analogous to the mineral spinal the magnetic
spind(MgAl,O,or MgO.ALQO,) havegenerad formula

MO.Fe,0O,, whereM isdivalent metal ion. Thetriva-
lent aluminumisusualy replaced by Fe™* or Fe***in
combinationwith any other trivalention. Althoughthe
great majority of ferrites contain iron oxide asname
implies, but thereare some“ferrites” based on Cr, Mn,
and other dements. Mn, Cr arenot ferromagnetic ele-
ments but in combination with other lementssuch as
oxygen and other metal ions, they can behaveas mag-
neticiong?.

The spinal latticeis composed of aclose packed
oxygen arrangement in which 32 oxygenionsforma
unit cell whichisthesmallest repeating unit in crystal
network. Between thelayersof oxygenions, thereare
theintersticesthat may accommodate the metal ions.
Not dl theinterstices are same; somewhich would be
caled A sitesare surrounded with four nearest neigh-
boring oxygenionsand arecdledtetrahedra sites. The
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other type of sites (B sites) iscoordinated by six neigh-
boring oxygenionswhose centre connecting linesde-
scribean octahedron. TheB sitesarecalled octahedral
sites. Inthe unit cell of 32 oxygenionsthere are 64
tetrahedrd sitesand 32 octahedral sites. If dl thesites
arefilled with metal ions, of either +2 or +3 valence,
the positive chargewould bemuch gregter thanthenega:
tive charge and so the structure will be much greater
than negative charge. Duetowhich thestructurewill be
electricaly neutral. It turnsout that out of the 64 tetra-
hedral sites, only 8 are occupied and out of the 32 oc-
tahedral Stes, only 8 areoccupied. If , asintheminera
spind thetetrahedra are occupied by divaentionsand
theoctahedra sitesare occupied by thetrivalentions,
thetota positivechargewill be 8x(+2)=+16 plusthe
16x(+3) = +48, or atotal of +64 whichis needed to
ba ancethe 32x(-2)=-64 for theoxygenions. Thenthere
would be eight formulaunitsof MO.Fe,0,.

Two exceptionsarefoundin Zn**and Cd* which
prefer tetrahedral sites because electronic configura:
tionisfavorablefor tetrahedral bondingto oxygenions.
Inmaost commercially important Mn-Zn ferritemateri-
as, the starting mix may contain dightly morethan 50
mole percent of Fe,0,. Thepurpose of theextraionis
toimprovethe magnetic propertiesby the formation of
Fe** ions. One such basic property isthe magnetostric-
tionwhichisdefined aschangein thelength of amate-
rial whenitissubjected toamagneticfield.

Inspind ferritesthedivaentionscanbeMn?+, Ni%+,
Co*, Mg#, Cu?*, Zn?*, and Fe?*. Thechoiceisdeter-
mined by the specific gpplications. For materidswhere
large magnetic moments are needed, such asin power
applications, the magnetic metal ionswithamost un-
paired spins are chosen. This is one reason why
Mn(5y,) ferriteand ferritesthat contain uncompensated
Fe**(5u,,) ionsare useful. Although Ni** hasalower
moment(2u,) than Mr?*, NiFe,O, hashigher residtivity
for high-frequency operation and, because of itshigher
T, itcanfunction at higher temperature. Most com-
mercialy important low frequency ferritescontain Zn.
Zincionsubstitution for other divalention canincrease
effective magnetic moment. It aso contributesfor an
increasein magnetic permeability. Very often, itisthe
ratio of ZnO to theother divalent oxidesaswell asthe
degreeof divaent Fesubstitution that givesferritema:
terid developersgrestest latitudein optimizingtheprop-
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ertiesof aspecificferrite. Inthesintered ferritethezinc
content will depend on theamount that went in origi-
naly minustha whichwaslost inthes ntering process.
SinceZnisaraher volatileion, incorrect firingwill cause
itslosswhichwill lead toagradientin Zn content across
thethickness of theferrite. In addition to this, theloss
of Znmay further create vacancies. Becauseof thisgtrain
will be produced which may further deteriorate the
properties of ferrites?3. If the proper vacancies are
not compensated in Mn-Zn ferritestherequired mag-
netic properties can not be achieved. In this paper, ef-
fort has been madeto identify the basic cause of varia-
tioninpermesbility for both categoriesof samplesmade
from indigenoudy and imported powders.

EXPERIMENTAL

TheMn,O, powder samplesweretaken fromtwo
different suppliers and their chemica andysiswasdone
using X-ray fluorescencetechniqueto check thecom-
position difference. In order to study the phase changes
intheMn-Zn ferritesthrough different stages of their
process ng the X -ray diffraction anaysisof pre-sintered
and sintered ferriteshasbeen doneusing Rigaku X-ray
diffractometer(M odel Rigaku D-Max 111C)

Raw materidsusedinthepresentinvestigation are
oxideshaving high purity. Therequired quantity of ox-
idesfor each set of experiment was pot milled. The
mixturewascacined at 950°C for 90min. After calci-
nationsthemixturewasbd| milled usng30mmbalsfor
6 hours to achieve a specific surface area(SSA) of
4200cm?/gm. Very small amount of Bi,O,(0.02wt %)
wasadded which actsasgrain growth accelerator which
evaporatesat high temperature and therefore does not
participateinthe compostionvariaioninfina sintered

MoZnFe O,
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Figurel: Crystal structureof Mn-Zn Ferrite
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product!¥. Thedurry obtained during thisprocesswas
driedinan oven and then granul ated, by adding poly-
vinyl acetate (PVA) and polyethyleneglycol (PEG), till
granulesof size between 200 and 500pm are obtained.
Thesewerethen mechanicdly pressedtoformtorroids
of external diameter of 29.13t0 29.20mmwithinterna
diameter of 17.38to 17.45mm and height of 14.17to
14.25mm, withavariaioningreendensty of 3to3.2gn/
mm?3. Inthefinal stage of production themechanically
pressed samplesweresintered in astep up furnace of
900°C to 1360°C. The systematic chart of procedure
followed for the preparation of Mn-Znferritesampleis
showninfigure2.

RESULTSAND DISCUSSION

Five setsof ferrite samples of same composition
were prepared using both categories of Mn,O, pow-
ders. In each case amount of ZnO was same. Since
Mn-Znferritesfind their gpplicationsfor high magnetic
permeability and low losses, all the prepared samples
were checked for their permesbility. It wasfound that
the samples prepared from indigenous Mn,O, pow-
dersfailed to show promising resultsas comparisonto
theMn-Znferrite prepared fromimported Mn,O, pow-
ders. For same zinc content the permeability for Mn-
Zn ferrite produced fromindigenous Mn,O, powder
cameout to be 2500 whilefromimported Mn,O, pow-
der it was 6500, which isabig difference. Because of
technical reason for the undertaken work, amount of
Zn content isnot mentioned here.

In order to investigate the cause both physical and
chemical propertiesof powderswas checked. It was
observed that both powdersarenot of samecolor. The
indigenously processed was of blackish red color
whereasimported powder was of light brown color.
During course of the study it was observed that the
bulk density of the both the powderswerefoundto be
same. Thecompositiond difference of thepowderswas
done by X-ray florescencetechnique. Theresultsob-
tained from above mentioned proceduresisshownin
TABLE 1.

Theresultsshow that thereisnot much difference
in composition of thetwo powderswhich may lead to
big differencein permeability of thederived product.

In order to check the phase difference of the com-
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Figure2: Schematic diagram of theexperimental proce-
durefollowed for thesynthesisof Mn-Znferrite

TABLE 1. Physical and chemical analysisof Mn,O,powders

IMPORTED Mn,03 INDIGENIOUS M n,04
powder powder

Physal

(1) Color: Light brown (2) Color: Blackish red
(2) Bulk density: 1.4gm/cm® (2) Bulk density: 1.4 gm/cm®

Chemical analysis

XRF- analysisin Kcps

Elements Imported (A) Indigenious (B)
SO, 0.6084 0.6179
Ca0 0.4691 0.4921

Al,O; 0.6652 0.6875
Fe,0; 3.6747 3.6781
ZnO 0.4923 0.495
Cr,03 0.8252 0.8213
CoO 0.4676 0.5251
K,0 0.1247 0.156
Na,O 0.0138 0.0154

Cl 0.0654 0.0713
MnO 153.0072 153.0389
SO, 0.3594 0.1864
MgO 0.3641 0.3895
P-.Os 0.0043 0.0204
Sno, 0.0026 0.0033
CuO 0.3342 0.3454
NiO 0.3712 0.38
ZrO, 0.0056 0.0052
V.05 0.671 0.6482
TiO;, 0.6485 0.6784
Sh,03 0.004 0.0024
Se,0; 0.026 0.0329
Bi,O3 0.0134 0.0175
CdO 0.0031 0.0022
Nb,Os 0.0039 0.0037
PbO 0.0102 0.013
BaO 0.5145 0.5442
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Figures3: X—'Ray diffraction pattern of mwp_orted Mn.O,
powder

I FAI (1]
|I || |
1
| M
b LUL W L
| IFTISR W A L IO T TAT L WELLTLE TN VAR |
" e " um N LIN]) um . nw um
mn
e

Figure4: X-Ray diffraction pattern of IndigenousMn,O,
powder

Figure5: X-Ray diffraction pat.t'err.l.(.).f pres ntered Mn-Zn
ferriteprepared fromimported Mn,O, powder
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Figure6: X-Ray diffraction pattern of pre-sintered Mn-Zn
ferriteprepared fromindigenousM n,O, powder
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Figure7: X-Ray diffraction pattern of §htered Mn-Znfer-
riteprepared fromindigenousM n,O, powder

position during ferrite manufacturing process, the X -
ray diffraction anaysisof Mn,O, powders, pre-sintered
and sintered Mn-Zn ferrites prepared from these pow-
derswasdone. Theanaysishasshown aremarkable
differencein between both categories.

The imported Mn,O, powder was having pure
manganese phase whileindigenously Mn,O, powder
was having ferrite phase already present init asshown
infigure 3 and 4 respectively. Further the X-ray dif-
fractionanaysisof pre-sintered and sintered ferrites (fig-
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Figure8: X-Ray diffraction pattern of sntered M n-Zn fer-
riteprepared fromimported Mn,O, powder

ure5-8) showsthat in ferriteformed from indigenous
Mn,O, powder the transformation of Mn*** state to
Mn** stateisnot compl ete, whilethisiscompletein
case of ferrite produced from imported Mn,O, pow-
der. Since Mn** stateisresponsi blefor magnetic mo-
mentsinMn-Znferritesthereforeferrite samplesmade
fromindigenous Mn,O, powders shows weak mag-
netic properties®.

CONCLUSION

We have investigated the phases present in pre-
pared samples. Thefollowing concdusonscanbedrawn.
1. Thecompletephasetransormationof Mn**toMn**

phaseisimportant to acquire magnetic properties

inMn-Znferritesasin the absenceof this; the net
magnetic momentswould bevery less.

2. Thequdity of Mn-Znferritesisnot only dependent
on purity of substance but aso dependsonitspro-
cessing factors. In this study the need of proper
sintering parametersis seen to get complete phase
formation.
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