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ABSTRACT

Manganese nickel ferrite powder with general formula Mn, Ni, Fe,0, was
synthesized through oxalate precursor route. The effect of annealing tem-
perature (400 - 1100°C) on the formation, crystalline size, morphology and
magnetic propertieswas systematically studied. Theresultant powderswere
investigated by thermal andyzer (TG-DTG-DSC), X-ray diffractometer (XRD),
scanning electron microscopy (SEM) and vibrating sample magnetometer
(VSM). Based on thermal analysisresults, the oxalate mixture decomposed
thermally in multistep weight loss up to about 680°C. XRD indicated that
Mn, Ni Fe,O, formed at much lower annealing temperature (=400°C) but
contained o-Fe,O, impurity. The hematite phase decreased by increasing
the annealing temperature. The lattice parameters and crystalline size were
increased with increasing annealing temperature. Singlewell crystallinefer-
ritewasobtained at 1100°C with crystallite size about 139 nm. The saturation
magnetization of the ferrites powders continuously increased with the in-
crease in annealing temperature. Maximum saturation magnetization (44.6
emu/g) was achieved for theformed Mn  Ni  Fe,O, phase at annealing tem-
perature 1100°C. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Ferrites, both soft and hard, are used in many tech-
nologica applicationsbecauseof their excellent mag-
netic and electrical properties. Spinel ferrite (soft fer-
rite) withthegenerd formulaM Fe,O,, whereM =Mn,
Co, Ni, Cu or Zn or amixture of these ions, posses
uniquedectronicor physicd structureand chemicd sta
bility™>2. Itisanided materia for high-frequency pas-
sive components because of itshigh permeability, re-

sdtivity and permittivity. Thesematerid shavebeen used
technologicaly in magnetic recording mediaand mag-
netic fluidsfor the storageand/or retrieva of informa-
tion, magnetic resonanceimaging (MRI) enhancement,
catalyses, magnetically guided drug deliveries, sensors
and pigments’® 4. The magnetic properties of these
ferrites can be changed by the substitutions of various
kindsof M2 among divaent cations (Zn?*, Mn?", Ni#',
Mg#, Co*,Cu?, .. .etc) or by introducing a relatively
small amount of rare-earthiong®. However, the prop-
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ertiesof these materiad saredetermined by their chemi-
cal composition, microstructure and process mecha
nism. So, theinteresting features arethat their proper-
ties can be enhanced by controlling the chemica com-
position and the preparation methodol ogy.

Spinel ferritesaccommodate cations among two
possibleavailableinterblaner sublatticesnamely tetra-
hedral (A) sitesand octahedrd (B) sites. Spind ferrites
can be either normal spinel (M*),[Fe* Fe*],O, or
inversesping with half of thetrivaentionsintheA-gtes
and the other half together with divalentionsinthe B-
sited®8, Ferritesof similar compositiondifferintheir
physica and chemical properties depending on distri-
bution of cations, having different oxidation Sates anong
the availabletetrahedral and octahedral sites. More-
over, substitution of magnetic and non-magnetic cat-
ionsinferritematerid schangestheir magneticand eec-
trica properties® 9, Thechangein physicd and chemi-
cal propertiesof ion substituted spinel ferritesarises
from theability of these compoundsto distributethe
cationsamongst the avail abletetrahedral and octahe-
dra sitesg™V.

NanocrystallineNi-Mnferrite syssemisoneof the
most substituted ferritesdueto itsexcellent properties
whichismainly appliedin eectrical devicesandinca-
talyses. TheNi-Mn ferrite (Mn, Ni, _Fe,O,) crystalizes
inaninversespine structure and can berepresented by
(MnFe ), (Ni,_Fe,).,0,wherexisdefined asthe
inversion parameter and depends upon preparation
conditions and heat treatment(* -1 Spinel
nanocrystalineferrite diplaysenhanced magneticand
€electronic propertiesby virtueof their uniquedectronic
or physicd structurewhich may be harnessed for tech-
nological applicationg? 4120, Moreover, some phe-
nomena like modified saturation magnetization,
superparamagneti sm, metastabl e cation distributions,
...etc, have been observed in nanoparticles of various
ferrited?-2,

Theconventiond way to synthesizeferrites involves
the use of high-temperature solid-statereaction between
the oxides/carbonates and then annedling at hightem-
peratures (>1200 °C), has some inherent disadvantages.
Theseindudechemicd inhomogeneity, coarser particle
szeandintroduction of impuritiesduring ball milling.
Varioussoft chemica methodd?-% likemechanica miill-
ing, inert gascondensation, hydrothermal reaction, oxi-
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dative precipitation, sol—gel synthesis and reverse mi-
celle technique are employed for the preparation of
nanoferrites. Most of these methods are economicaly
unfeasiblefor large scale production. The oxaatepre-
cursor techniquewasused for synthesisof ferriteswhere
asinglephase of nanocrystallineferrite powderswith
homogeneous microstructure, narrow szedistribution
and uniform shapeat |ow processing temperature can
be produced. The oxaate precursor techniqueusesthe
carboxylic groupsof oxdicacid to chelatetherequired
cationsinaproper solution conditions. Chelating me-
talicionsinsolutionusing oxaicacid alowstheforma-
tion, after drying, of asolid oxal ate precursor with uni-
formly distributed cationsintherequiredratio. Rela-
tively low annealing temperatureswererequiredtoform
thecorresponding oxidessinceall cationsaremixed at
molecular scae.

Inthe present investigation, we synthesized apure
Mn, Ni Fe O, ferrite using the oxalate precursor
method. X-ray diffraction (XRD), scanning e ectronmi-
croscope (SEM) and avibrating sample magnetometer
(VSM) weretilized in thisstudy. Theeffect of anned -
ing temperature (400-1100°C) on the formation, mi-
crostructure and magnetic properties of
Mn, Ni Fe,O,ferriteswasasoinvestigated.

EXPERIMENTAL

The oxalate precursor method was applied for the
preparation of Mn-Ni ferrite(Mn Ni  Fe,O,). Chemi-
cally gradeferric chloride (FeCl,.6H,0), manganese
chloride (MnCl,.2H,0O), nickel chloride (NiCl,.H,0O)
and oxdicacid assourceof organicwereused asstarting
materials. Pre-ca cul ated stoichiometricratiosof ferric
chloride, manganesechlorideand nickel chloride solu-
tionsand containing equivaent amounts of oxalic acid
were prepared. Themixtureof ferric chloride, manga-
nese chlorideand nickel chloride solution wasfirstly
prepared and then stirred for 15 minute on hot plate
magnetic stirrer, followed with addition of an agueous
solution of oxalicacidtothemixturewith stirring. The
solution wasevaporated at 80°C with constant stirring
rateuntil drynessand then completely driedinadryer
at 100°C overnight. Thedried powder obtained aspre-
cursors. Thermal analysisof uncal cined precursor was
carried out. Therate of heating waskept at 10°C/min
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between room temperatureand 1200°C. Themeasure-
mentswere carried out in acurrent of nitrogen atmo-
sphere. For theformation of theMn-Ni ferrites phase,
thedry precursorswere calcined at arate of 10°C/min
instatic air atmosphere up to required annealing tem-
peratures (400-1100°C) and maintained at thetempera:
turefor annedling time 2h.

Thecrystalline phases present in the different an-
neal ed sampleswereidentified by X-Ray diffraction
(XRD) on aBrucker axisD8 diffractometer using Cu-
Ka (A=1.5406) radiation and secondary monochro-
mator intherange 20 from 10 to 80°. Theferritespar-
ticlesmorphol ogies were observed by scanning el ec-
tron microscope (SEM, JSM-5400).

The magnetic properties of theferriteswere mea-
sured at room temperature using avibrating sample
magnetometer (VSM; 9600-1 LDJ, USA) inamaxi-
mum applied field of 10 kOe. From the obtained hys-
teresisloops, the saturation magnetization (Ms) was
determined.

RESULTSAND DISCUSSION

Haurelillusratesthethermd andysisprofiles(TG-
DTG-DSC) obtained during the decomposition of the
manganese—nickel- iron oxalates precursors at a heat-
ingrateof 10°C mintin nitrogen amaosphere. Thether-
mal decomposition of the precursor beginsassoon as
theheating starts. The TG and DTG curves show about
5.2% mass|oss upon heating up to 145°C. Thismass
losswasaccompanied by one endothermic peak inthe
DSC curveat 95°C that could beassigned totheelimi-
nation of water from the precursor (dehydration). Ma
jor weight loss of 25% mass |oss was observed be-
tween 150 and 250°C that can be attributed to metal
coordinated water molecules®. Thisweight loss ap-
peared as endothermic peak in DSC curveat 219°C.
By further heating, the decomposition of anhydrous
oxalate precursor takes placein multistep weight loss.
Thesampleundergoesexothermic multisepweight [oss
between 250 and 675°C dueto the decomposition of
carbonaceous massof the oxa ate precursor. Thisweight
losswasrefl ected asabroad exothermic peaksin DSC
curveat 340 and 670°C. However, thetotal massloss
was about 59.3% at 6750°C which agreeswell witha
calculated loss of 60.6% for the decomposition of
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Figurel: Thermal profiles(TG - DTG - DSC) of mixtures
of Ni-M n- Feoxalatespr ecur sorsat Fe**/(M n*+Ni?) mole
ratios2.

Mn,Ni Fe(C0,),4H,0 to Mn Ni FeO, Be-
yond 675°C, therewas no s gnificant weight loss until
1200°C.

Figure 2 showsthe XRD patternsof the calcined
powder of Mn, Ni  Fe O, obtained from manganese
-nickel - iron oxalate precursor thermally treated at dif-
ferent temperatures (400 - 1100°C) for 2h. The an-
nealing temperature has aconsiderabl e effectson the
formation of Mn-Ni ferrite. On the start of the anneal -
ing process at 400°C, the formation of single-phase
Mn_ . Ni .Fe O, could not be obtained at thisanneal-
ing temperatureand, in addition, it containsimpurity
peaks of a-Fe,O, phase. The patterns consisted of a
crystalline cubic Mn-Ni ferrite (JCPDS# 74-2082)
phase and asmall amount of a—Fe,O, (JCPDS# 80-
0599). Inthis case, theMn, Ni, Fe O, isformed at
much lower annedling temperature (=400°C). Thefor-
mation of Mn, Ni, Fe O, ferriteincreased with theris-
ing of annealing temperature as observed from thede-
crease of peak intensities of the free oxides and the
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Figure2: XRD patternsof Mn  Ni,  Fe,O, from nickel-man-
ganese-ir on oxalateprecur sor treated at different tempera-

tures(400-1100°C) for 2 h.

increase of the peak intensities of the formed
Mn Ni  FeO ferrite. Moreover, awell-crystallized
pure single Mn_ Ni, Fe,O, phase was formed at
1100°C. However, no dissociation for theformed fer-
ritewasobservedindl annedingtemperaturesand, on
contrast, theformation of Mn, Ni, Fe O, ferritein-
creased withrising of annedling temperature. Moreover,
awell-crystallized puresingleMn, Ni, Fe,O, phase
wasformed at annealing temperature (1100°C). Itis
reported that at elevated temperatures, MnFe,0, is
unstableinairand M ionsonthesurfaceof MnFe,0,
firstly oxidizeto form Mn® and resulting in the disso-
ciation of theformed MnFe,O,*. Inthiswork, nodis-
sociationfor theformed ferriteindl annealing tempera-
tureand instead theformation of Mn_ Ni Fe O, fer-
riteincrease. Thissuggeststhat the substation of Mn
ioninthe manganeseferritewith Ni ion stabilizesthe
MnFe,O, phase and decreases the oxidation of Mn?*
toMn* inthesurface of ferrite. Thestability of ferrite
increaseswith theincrease of Ni ion content. Thisis,
moreor |ess, in agreement with that observed by Yang
et. d.®. They foundthat asingle phaseof Ni-Mnferrites
can be obtained when the Mn?* issmaller or equd to
0.3 molecontent.

Thelattice parameter for thecubicMn, Ni  Fe,O,
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samplesanneded a 400, 900, 1000 and 1100°Cfor 2h
asafunction of annealing temperaturewas cal culated
for the(311) planeusing theformul =

a= dhkl (hz + k2 + |2)0.5

Figure 3 showstheeffect of anneding temperature
on the lattice parameter of Mn  Ni  Fe,O, powder.
The results indicate that the annealing temperature
strongly affectsthelattice parameter. Thevaueof |at-
tice parameter increaseswith theincreasing of annedl -
ing temperature up to 1000°C. Beyond thisannealing
temperature (1000°C), adecreaseinthelattice param-
eterswasfound. Theseresultscan bedueto somestruc-
tural changesaccompanied theformation of manganese
ferrite. These changes may be due to the rearrange-
ment of theionsintheferritelattice (tetrahedral or oc-
tahedrd sites)®4. Thischangeof | attice parameter with
the change of annedling temperature can bedirectly in-
fluence the magnetic performance of theferrite. The
effect of anneding temperatureonthecrysdlineszeof
the produced Mn, Ni  Fe,O, ferrite phasefor themost
intense pesk (311) was determined from X -ray diffrac-
tion datausing the Debye-Scherrer (Figure4). Asex-
pected, thecrystalinesizeof Mn, Ni  Fe,O, increased
by increasing theannedling temperature. Thecrystdline
sizefor thefirst single phase obtained at 1100°C was
about 138.8nm. However, the crystalline size of the
prepared ferritesincreased from about 45nm for the
ferrite powders produced at annealing temperature
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Figure3: Effect of annealing temper atureon thelattice pa-
rametersof Mn_ Ni  Fe O, powdersannealed for 2h.
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Figure 4: Effect of annealing temper atureon thecrystalline
sizeof Mn  Ni  Fe O, powdersannealed for 2h.
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400°C to about 138.8 nm for the powders produced
at 1100°C.

Further investigation was carried out by SEM to
show themorphol ogy of the particlesas synthesized,
aswell asthedevelopment of grain structure. Figure5
displays SEM micrographsof the effect of annealing
temperature (1000 and 1100°C) on the SEM micro-
structureof Mn Ni  Fe O,. At 1000°C (Figure 5a),
the powders possessed irregular microstructureswith
spherical small particlesinadditiontoardatively large
cubic particles, indicating that the annealing tempera-
turewasinsufficient for the completeformation of clear
crystalinemicrostructure. Thepresenceof smdl grains
can be attributed to no coarsened a-Fe,O, existingin
the anneal ed sampl es obtained at thisannealing tem-
perature. For the powder thermally treated at 1100°C
(increase of annealing temperature), theferrite pow-
derspossessed auniform clear and homogeneous cu-
bic structureasshown in Figure4b. Moreover, the SEM
mi crographs showed that the spherical small particles
were disgppeared at annealing temperatures= 1000°C,
whichindicated that thesetemperatureswere sufficient
to produceawel|-crysta linehomogeneous microstruc-
tureand auniform sizedistribution.

The magnetization of the produced
Mn_Ni, FeO ferrite powders was performed at
room temperature under an appliedfield of 10K Oeand
the hysteresis|oops of the ferrite powders were ob-
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Figure5: Effect of annealing temper atureson the micro-
structure of Mn_ Ni  FeO, annealed for 2h. (a)1000°C
(b)1100°C
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Figure7: Effect of annealing temper atureon thesaturation
magnetization of Mn_ Ni  Fe O, powdersannealed for 2h.

tained. Figure 6 Plotted magnetization (M) asafunc-
tion of gpplied field (H) for theeffect of annedling tem-
peraturewhileFigure 7 plotted the saturation magneti-
zation of theMn, Ni, Fe,O ferritespowdersasafunc-
tion of annealing temperatures (400 - 1100°C). In gen-
eral, the produced ferrite was asoft magnetic materia
dueto the deviation from rectangular form and their
very low coercivity. Therewasalarge magneti zation at
400°C ("19 emu/g) indicating that the Mn_ Ni  Fe,0O,
ferritewasformed at much lower anneding tempera-
ture (<400°C). The magnetization of theferritewas
steadily increased with increasing treatment tempera-
turefrom400("19 emu/g) to 1100°C (44.6emu/g). Such
high saturation magnetizationfor the synthesized ferrite
annealed at = 1000°C can beattributed to the high phase
purity and well-defined crystdlinity of Mn Ni Fe,0,.
Thisindicatesthat the oxal ate precursor technique can
be used for synthesis of single phase of soft
nanocrystallineferrite powderswith homogeneous mi-
crogtructure, narrow S zedigtribution, uniform shapeand
alarge magnetization at |ow processing temperature.
Theincreasein the saturation magnetization by increes-
ing the annealing temperature was dueto theincrease
of phasepurity and well-defined crystdlinety of thefer-
rite. Thecrystallitesizeincreased from “43 nm for the
samplesannealed at 400°C to™~ 139 nm for the samples
annealed at 1100°C.

CONCLUSIONS

NanocrystallineMn, Ni  Fe O, hasbeen synthe-
sized viaoxdate precursor route. Theeffect of anned-
ing temperatureon theformation, crystallinesize, mor-
phology and magnetic propertieswere systematicaly
studied. Theresults showed that:

1. Theoxalate precursor of Mn-Ni-Fe mixture de-
composed therma ly in multistepweight lossup to
about 680°C.

2. Mn,Ni  Fe O, was started to form at much lower
annedling temperature (=400°C)

3. Thelattice parameterswereincreased withincress-
ing annealing temperature up to 1000°C. Theaver-
agecrystallinesizeincreased by increasing the an-
nedling temperature.

4. Singlewdl crysdlineferritewasobtained at 1100°C
with crystallitesizeabout 139 nm.

5. Thesaturation magnetization of theferrite powders
continuoudly increased withtheincreasein annedl -
ingtemperature.

6. TheformedMn Ni  FeO, ferrite powdershad
good soft magneti c propertieswith maximum satu-
ration magnetization (44.6emu/g) was achieved at
annealing temperature 1100°C.
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