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ABSTRACT

The various compositions of MgNi ferrite system were synthesized by co-
precipitation technique. The resulting powder of composition Mg, Ni .
Fe,O,wasfurther heated at different temperatures from 600°C-1000°C for
four hoursto get good surface area. The formation of compound was then
investigated by thermal analysis(TGA/DTA), X-ray diffraction (XRD) and
scanning electron microscopy (SEM). The formation of spinel structure
was confirmed by X-ray diffraction. The (311) peak wasfound to be most
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intense. SEM microphotographs exhibited increase in grain size with in-
creasein sintering temperature. Unlike single oxides or their mixtures, the
single phase spinel-type binary and ternary oxides show extra structural
stability and exhibit interesting catal ytic properties. Hence the decomposi-
tion of H,O, is carried out and to calculated activation energy.
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INTRODUCTION

Thespine ferritesof formulaM"Fe,"'O, have at-
tracted theattention of physicistsand technologists. In
spinels (where, M=Mg, Ni, Co&Zn etc.) are avery
important group of mixed metals. Sincethey cover wide
range of applications such astelecommunication sys-
tems, computer memories, microwave devices, heat
transfer devices etc. Ferrites prepared by various
method one of them, ceramic method involving high-
temperature (1100°C). However, themethod hassome
inherent drawbackssuch as(i) poor compositiona con-
trol, (ii) chemica inhomogeneity, (iii) coarseparticlesize
and (iv) introduction of impuritiesduring grinding. Wet-

chemica methods such as co-precipitation using metal
sulphates solutionsdigested at 100°C, by adding 10%
NaOH and thus overcomethesedrawbacksand pro-
duced homogeneous, and reproducibleferrite powders
using aqueoussolutionsof sdtsof condituentions. This
has motivated usto synthesize themixed solid solution
seriesMg, Ni FeO,*2,

Inthe past various methods are used for the prepa-
ration of spinel ferritessuch asceramic method, solvent
evaporation method, hydrothermal method, citrate
method, combustion method etc. Among these meth-
ods the co-precipitation method is widely used for
preparation dueto itsoverriding advantages such as
compositionflexibilityt®49,
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EXPERIMENTAL

All AR gradeingredientswereweighed carefully
on microbalanceto havethe proper stoi chiometric pro-
portion of saltsrequiredinthefind ferrite powder. The
compositionsof Mg, Niy,Fe,O4 wassynthesized by
Co-precipitation technique. Theamount of each metal
sulphatewasdissolved indistilled water and precipita
tion of the hydroxideswas carried out at acontrolled
9.5 pH using 10% NaOH solution and was then di-
gested on water bath for 4 hours and was oxidized by
adding 75ml of 30% H,O, (100Vol.) solution. To ob-
tain fine powder, thiswas presintered at 100°C for six
hour in argon amospherd®. The presintred powder was
milledinagatemotor with acetone. Thesamplesof com-
postionMg, Ni  Fe,O weresntered a different tem-
peraturesfrom 600°C-1000°C.

X-ray powder diffraction patternswere recorded
on PhilipsPW 1710 diffractometer with Cu Ko radia-
tion using nickel filter(A=1.5405). X-ray diffraction
powder patternsof all thecompositionindicated for-
mation of singlephase spinel structure. Thelattice pa:
rameterswereevaluated by using therel ation.

a=d (h2+K 2+ 6

Where notations have their usual meaning.

RESULTSAND DISCUSSION

Theexperimental XRD dataof theferrite sample
agreed very closely with the standard valuesgivenin
the JCPDS datacardsthus confirming the spind phase.
XRD patterns of Mgg 5Nig 5Fe,0O4 was heated at
different temperaturesaregiveninfigure 1 ltisobserved
that well-defined peakswith (311) reflection appear to
be moreintense. Thefigure also showsthat the peaks
become sharper and narrower withincreasing sintering
temperature, indicating the enhancement of
craystallanity. Theaverage particle size D was calcu-
lated using employingthe Scherrer formula,

D = 0.9A/BcosB

where, disthe mean crystallite size, A is X-ray
waveength, B istheangular linewidth a haf maximum
intensity and 0 isthe Bragg’s angle the size was found
to be 270nm. It aso shows clearly that the intensity
increaseswith increasein sintering temperature 8,
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Figurel: XRD patternsfor Mg .Ni ..Fe,O, ferritessin-
tered at (a) 600°C (b) 700°C (c) 800°C (d)900°C (e) 1000°C
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Figure2: IR spectra of Mg, Ni ..FeO,sintered at (a)
1000°C (b) 900°C (c) 800°C and (d) 700°C

Figure2 The FT-IR spectraof different composi-
tion of MgNi ferrite showstwo strong bands around
600cn*and 400cm'™. The spectrashown arethe com-
mon characteristic featuresof ferrospings. Two broad
band appearing one a 600cm* and the other at 400cnT
Ican be assigned to metal oxygen stretching frequen-
cies. Sincetetrahedral M-O bonds(Td M-O) areas-
sociated with higher force constant and lower bond
lengthsthisstretching frequency isexpected to appear
at higher frequency compared to the M-O stretching
frequency of octahedral (Oh M-O) sites?.

Figure 3showsthe TGA curvefor Mg-Ni ferrites.
Theminor weight lossbefore 100°Cinthe TGA curve
isattributed to evaporation of residual water®. The
major weight loss from 207°C to 700°C and further
weight loss observed upto1000°C.The plateau 700-
1000°C on TGA curveindicatestheformation of Mg-
Ni ferriteasadecomposition product. It may be main-
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Figure3: TGA/DTAfor sysemMg, Ni Fe,O,
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Magnetic field strength (Oe)
Figure5: Hysteressloopsreprentativeof Mg, Ni ..Fe O,
System

Magnetic Moment(emwu)

Figure4: SEM micrographof Mg, Ni ..FeO,ferritessintered at (a) 600°C (b) 700°C (c) 800°C (d) 900°C (e) 1000°C

TABLE: 1 Magnetic hysteresis data for M gysNigsFe,04 system

Sr. Composition Temp. Saturation magnetization M agnetic moment Coer sive for ce Remanent
no. °C at 300k (Ms) (ng) (cal.) (He) (Oe)  magnetization (Mr)
1 MgosNigsFe0, 600°C 2.37 0.3478 428.57 0.4008
2 MgosNigsFe0, 700°C 11.60 1.7023 235.39 0.2379
3 MgosNigsFe04 800°C 14.98 2.1923 222.40 0.1722
4 MgosNigsFe0, 900°C 15.04 2.2071 264.61 0.2327
5  MgosNigsFe,0,  1000°C 29.76 4.3673 287.34 0.2614

tained that theformation of spinel phaseisat 303°C.
Thusthetemperature recorded for spindl phaseforma-
tion isexpected to be higher. It is observed from ac-
etate-citrate gel atin methodsthat above 430°C organ-
icsareremoved completely and precipitation of par-
ticlestakesplace. Therefore even though the decom-
position iscomplete at 303°C we have chosen above
500°C ascdcinationstemperature.

Thevariationin grain Sze observed from SEM is
plotted infigure4 Studies of scanning € ectron micro-
graphsindicated that thegrain sizeincreaseswithin-
creasing temperatureand sintering time. Inthe present,
samplesthegrain sizeincreasesfrom 300nm for the
sample sintered at 600°C for 4 hoursto about 400nm
for thesamplesintered a1000°C. Thevariationingran
size calcul ated from scanning el ectron micrographs
figure4 duetoincreasein sintering temperature***2, |t
isaso observedthat thegrainsaremorenon-linear with
spherica shape.

Magnetic hysteresis

Magnetic hysteresis studieswere done on samples
at room temperature using aternating current hyster-
esisloop tracer with afield of 1 KOe. Theresults of
magnetic hysteres sstudiesviz. the saturation magneti-
zation (Ms), coerciveforce (Hc) and remanent magne-
tization arepresented in TABLE 1. The photographs of
the hysteresisloops obtai ned for compoundsunder in-
vesigaionaregiveninfigureb. Itwasfoundthat al the
compositions of the system were ferrimagnetic at
300K 3],

The magnetic moment n, iscal cul ated for all com-
positionsand thesystem using saturation magnetizetion
vaues(Ms) by usingtherelation.

N, =MsxMol.Wt. /5585 4

FromTABLE 1itisobservedtha experimenta n
values are low as compared to the calculated nf3
vaues“.
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If wecompare themagnetic momentsof composi-
tion Mg, Ni Fe,O, at increasing temperatures the
observed values arelessas compared to calculated nf3
values. Thelow values observed for the temperature
600°C can be attributed to magnetic interactions. In
spind mainly therearetwo types of magnetic exchange
interactions (i ) onedueto direct overlap of atomicor-
bitasand (ii) dueto the super exchangeviaaninterme-
diate non magneticion. Inthiscase asthe cations pos-
sess electronic configuration m>S, thedirect cation-
cation interaction seemsto benegligible.

Further in the composition Mg, Ni, Fe,O, the
observed magnetic momentsand cal culated magnetic
momentsvaluesclosely agreeindicated that in these
compounds Neels model (where moments at A-site
cancels the moment at B-site) is being obeyed. The
saturation magnetization of the samplesincreaseswith
increasein temperature. Thismay beduetotherela-
tively high orbital contribution of Ni2* ionsto the mag-
netic moment, which giveslargeinduced anisotropy.
Theratio of remnant magnetization to saturation mag-
netization (MJM s) valuefor most of the sampleshested
up to 600°C ismarginally higher than 1000°C.

TABLE 2: Activation energy for spinel oxides
Rate Activation

Catalyticproperties

Decomposition of H,O, by spinel oxidesof thesys-
temMg, Ni Fe,O,:

The decomposition of H,O, wasstudied at differ-
ent temperaturesfrom 50°C and 60°C and therate con-
stantswere calculated using therdation

K =2.303log (a/a-x)/t 2

Where, a= initial concentration of H,O,and ax = concentra-
tionof H,O, at timet. Therate of decomposition was found to
obey thefirst order rate law. It isfound that decomposition of
H,0O, increases with increase in temperature. The activation
energy values were calculated using rate constants at differ-

ent temperatures by the relation(*®,
E=2303log(K /K ) XRxT XT /T T, ©)

Where K, and K, are the rate constants at tem-
peraturesT and T, respectively. Further itisobserved
that (TABLES 2 and 3) astherate constant decreases
percentage decomposition of H,O, increases. Further
itisalso observed that catalytic activity of spinelsin-
creaseswith increaseintemperature.

Inthecaseof spinds, thecatdytic activity isdueto
the mixed oxidesinvol ving oxidation reduction process.
The oxideswhich are capabl e of showing variableoxi-
dation states are found to be better catalysts*®. The
rate of decomposition of H,O, wasfoundto obey first

L. Temperature .
Sr.no. Composition -~ -6 ©¢) C?(”fo"?‘?t (}fge”r\%’)l) order rate law for the compositions of the system at
) 51776 temperature from 50°C to 60°C. The rate constants
1 Mgre0, 60 106358 2239 and decompositionat different timeintervasfor thedif-
. 50 3.6869 iti iveni
2 MgorNioaFeOs  op 2289 3351 f2eren(; Zompostl onsof thesystemaregiveninTABLES
: and 3.
. 50 6.9753 . . .
3 MgosNiosFe;,0s 60 76051 1313 Further itisobservedthat at composition NiFe,0,
. 50 4.9123 the decomposition of hydrogen peroxideisfoundtobe
4 Mg 2sNip75F€:04 60 84523 48.57 . ; .
A5 more active ascompared with composition MgFe,O,.
5 NiFe,0, 28 2-%%8 2548  Thiscanbeexplained onthebasisof activation energy.
TABLE 3: Catalytic effect of Mgy.«NiFe,O, system on the decomposition of H,0, at 50 and 60°C
Composition Temp. Rate % Decompaosition of H,O, Activation
P °C constant(k)  60m 120m 180m 240m 300m ener gy
MgFe, O, 50 5.4776 33.0 51.28 58.97 71.79 59.39 59.39
60 10.6358  61.53 74.35 79.48 87.17 92.30
Mgo.75Nio.25F€,04 50 3.6869 43.58 48.71 53.84 58.87 66.66 3351
60 5.3555 38.46 46.15 53.84 61.53 76.92
MdosNiosFe:04 50 6.9753 38.46 58.87 64.10 76.92 87.17 13.13
60 7.6051 51.28 61.10 69.23 74.35 79.48
Mo 2sNio 75F€,04 50 4.9123 30.76 41.02 53.84 61.53 82.01 48,57
60 8.4523 58.97 64.10 71.79 76.92 82.03
NiFe,0, 50 5.5119 35.89 46.15 51.28 58.97 79.48 25.48
60 6.7959 46.15 53.84 61.35 74.35 84.61
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It isobserved from TABLE 1 that activation energy
decreasesfrom MgFe,0,(59.39K Jmoal*) to NiFe,O,
(25.48 KImol 1) Asthecatdysisinvolvestransfer of
electrons/holesfrom the surface of the catalyst to the
substrate molecule and isreversible, the greater the
activation energy, themoreenergy isrequired for elec-
tronictrangition and consequently lesswill bethe cata-
Iytic activity®®,

Thecatays sperformancedataof variouscataysts
of thesystemMg, Ni Fe,O, onthebasisof rate con-
stant measurements at temperature (50°C to 60°C) is
presented in TABLE 1. Asthe concentration of Ni2*
ionsinthesystem Mg, Ni Fe,O, increases, the Ni*
ionsenter theoctahedra site, Sncethey havegot strong
preferencefor octahedral coordination™®. Out of the
ionsviz. Cu?,Fe* and Ni*, nickel ionsstrongly prefer
octahedrd site (site preferenceenergy value of Ni%*is
+9 KCal/gm.At.wt. ascompared to Fe** -13.3 KCal/
gm.at.wt.). Since Ni?* possesses more stable +2 oxi-
dation state, hopping of charge carriersbetween Ni2*
and Fe** decreasesreleasing less no of electronsfor
chemicd reaction. Thereforecataytic activity decreases
from percentage of Ni (x=1t00).

CONCLUSIONS

It has been concluded that finegrain of Mg Ni fer-
rite powder can be synthesi zed by using Co-precipita-
tion method. Thismethod requireslow temperatureand
short timeperiod for preparation. All the compositions
of thesysemMg,_Ni Fe O, showed singlecubic phase
as observed by X-ray powder diffraction technique.
Scanning Electron micrographsindicated increasein
grainsizewithincreasein temperature. Infrared spec-
tral studiesindicated two strong absorption bandsone
around 400cm* and the other around 600cm'™.

Thermal analysis was carried out to determine
thermokinetic parameters. Magnetic hysteres smeasure-
mentsindicated that al the compositionsareferrimag-
netic. Saturation magneti zation, magnetic moment, co-
erciveforce and remanent magnetization showed in-
creasing trend withincreasein temperature concentra-
tion.

Catalytic study for the decompositionof H,O, is
maximum a compositionNiFe,O,. Thisisattributedto
theincreasing activation energy and avail ability of less

= Pyl Paper

activesteonthe surface of the catayst asthe concen-
tration of Nicke increases.
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