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ABSTRACT

Due to special properties such as superparamagnetism, magnetic
nanoparticles have important technological, environmental and medical
applications. Inthiswork, nanoparticles of magnesioferrite (MgFe,O,) were
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prepared by coprecipitation from chloride solutions of iron and magne-
sium. Compared with traditional procedures, this method has the advan-
tages of low cost, simplicity and the use of moderate annealing tempera-
tures. The properties of the nanoparticles were investigated using X-ray
diffraction to determine the average size of the crystallographic domains
and Mossbauer spectroscopy to find the particle size distribution. The
results showed that the coprecipitation method yields magnesioferrite

nanoparticleswith afairly narrow size distribution.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Nanosi zed ferrites display physical and chemical
propertieswhich may be quite different from those of
their bulk counterparts. Magnesioferrite(MgFe,0,) is
oneof themost interesting of these new magnetic ma-
terials, because, dueto its small magnetocrystalline
anisotropy, superparamagnetic properties are still
present at relatively low temperaturesand/or highmag-
netic fields. The purpose of thiswork wasto investi-
gatetheaverage particlesizeand particlesizedistribu-
tion of MgFe,O, nanoparticles synthesized by
coprecipitation’¥, afast, smpleand rel atively inexpen-
sivetechnique. The average particle size was deter-

mined by X-ray diffraction, whiletheparticlesizedis-
tribution was obtained by measuring at severa tem-
peraturesthere ativeintensities of theMdssbauer spec-
tradueto superparamagnetic particlesand to ferrimag-
netic particles, amethod that has been applied suc-
cessfully! to another nanosi zed ferrite, CoFe,O,.

EXPERIMENTAL

Samplepreparation

Analytical grade FeCl,.6H,0 and MgCl,.6H,0
weredissolvedin deionized water to obtainthestarting
solution. Thissolution was added to a6 M NaOH so-
lution under vigorous agitation and treated for 2 h at
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Figurel: X-ray diffraction patter nsof samplesannealed at
(a) 500°C and (b) 700°C
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Figure2: M ossbauer spectra of a sample annealed at 500°C

100°C. Theresulting preci pitate wasfiltered, washed
with digtilled water and annedled inamufflefurnacefor
1 hat four different temperatures (200, 300, 500 and
700°C).

M easur ements

X-ray diffraction patternswere obtained using an
XPert Pro Panalitical diffractometer with Co Ko ra-
diation (A =1.5418A°). Theaverage particlesizewas
calculated fromline broadening usingthe TOPAS ap-
plication’®, academic edition.

Mdssbauer spectra were recorded at several
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TABLE 1: Phase composition of samplesannealed at four
different temperatures

Ta (°C) Composition Particle size (nm)
76% y-Fe,O 2.2
200 0 Y-FE03
24% MgO 14
79 % y-Fe,O 2.3
300 e
21% MgO 15
500 100% MgFe;O, 3.7
80% MgFe,O, 10
700 12% MgO 31
8% a-Fe,03 43

temperatures between 13 K and room temperaturein
ahomemadeinstrument using asource of 57Co(Rh)
with an activity of about 50 mCi.

RESULTSAND DISCUSSION

TABLE 1 showsthe phase compositionsand av-
erage particleszes, asdetermined fromthe X -ray spec-
tra, for samplesanneded a four different temperatures.
The X-ray spectra of samples annealed at 500 and
700°C areshowninfigurel.

The Mgssbauer spectra of a sample annealed at
500°C areshowninfigure2for severa different mea
surement temperatures. Whileat roomtemperaturethere
isadoublet due to superparamagnetic relaxation, at
lower temperatures one seesasextet which ischarac-
teristic of bulk magnesiof errite™.

By taking theratio of the areaunder thedoublet to
theareaunder the sextet, it ispossibleto estimate the
volumefraction of unblocked particlesfor each mea-
surement temperature. Theresultisshowninfigure 3,
wherethedotsarethe experimenta pointsandtheline
isafittoacumulativelog-normal function:

INT—p
f(T)=Cq+Coerf
(T)=C1+ Zer(gﬁ) )

where T isthe absolutetemperature, erf(T) istheerror
function, C, and C, areconstantsand n. and 6 are ad-
justable parameters. The best fit was obtained with C,
=0.55,C,=0.44, p=5.00 and 5 = 0.32.

Thedistribution of unblocking temperatures of the
systemisgiven by*9

(1) df(m)
P(T)= C(T) dT S
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Figure3: Temper aturedependenceof thevolumefraction of
unblocked particlesin a sampleannealed at 500°C, calcu-
lated fromthe M Gssbauer spectra. The dots are experimental
points; thelineisafit toacumulativelog-normal function
(seetext)

where C isanormdlization constant.

Thetemperature dependence of Eq. 3 can be con-
verted to adependenceon particlediameter (thusyid d-
ing the particlesizedistribution) using there ation*

D<T)=<D>(<TT—>JM @)

c

where D isthe particle diameter, (D) istheaverage
particlediameter, as estimated from the X-ray resuilts,
and (T ) istheaverageblocking temperature, given by

TTP(T)dT
(T)=2——

T P(T)dT ©)

Theresultisshowninfigure4, whichisalog-nor-
mal distribution with average diameter (D) = 3.7 nm,
most probablediameter D, = 3.6 nmand full width at
haf maximum AD =1.0nm.

CONCLUSIONS

The copreci pitation technique has been used to pre-
pare MgFe,O, nanoparticles, which wereannealed at
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Figure4: Particlesizedistribution of asampleannealed at
500°C

four different temperatures. X-ray diffraction patterns
show that sample composition and particlesizearein-
fluenced by theanneding temperature. M ssbauer spec-
traexhibit superparamagnetic behavior, confirming that
the particlesarein the nanometric range. Analysis of
thetemperature dependence of the M 6ssbauer spectra
of annedled samplesyiddsthe particles zedigtribution.
Theresults suggest that the coprecipitation technique
can be used to synthesize magnes of errite nanoparticles
withafairly uniform szedigribution.
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