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ABSTRACT

Nanoparticlesof a-Fe,O, were prepared by solid-phase method. The prod-
ucts were characterized by XRD and TEM. The results showed that the
products were a-Fe,0,. The sizes of the particles were around 50 nm and
© 2008 Trade Sciencelnc. - INDIA

their shapes were peanut-like.

INTRODUCTION

Nanoparticlesof o-Fe,O, wereused asfunctional
materials widely, because of its good physical and
chemical stability. It can be used to prepare magnetic
materias, gas-sensing materids, catadyst materid sand
so on'l. Generally nanoparticlesof a-Fe,O, were pre-
pared by sol-gel method™@, microemulsion method?,
hydrotherma method™, microwave method*®!, solid-
phasemethod®, et d. In the present paper, nanoparticles
of a-Fe,0, were prepared by using Fe(NO,),-9H.,O
and NaOH asraw materias, solid-phase method was
adopted. Compared with other methods, the technol -
ogy has advantages of low cost of production, smple
process and short period of production. Soit wassuit-
ablefor indugtria production.

EXPERIMENTAL

Preparation of nanoparticles of a-Fe,O,: 10g
Fe(NO,).-9H,0 and 3g NaOH were put into agate
mortar, mixed thoroughly and grinded. Thereagents
became gluegradually, then, solidified. Thesolidre-
agentsweregrinded to become powders, washed three
timeswith water and ethanol respectively, decompress
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filtered, hydrated naturaly. The precursor wasobtained.
Then the precursor was grinded, calcined at different
conditions. Finally, the productswere obtained. The
phase compositionsof the productswere examined by
XRD. Thesizesand shapesof the productsweretesti-
fiedby TEM.

RESULTSAND DISCUSSION

XRD analysis of the nanoparticles of a-Fe,0,

In the experiment, the copper target used was:
CuKa, A =0.154178 nm. Five samples were testi-
fied by XRD. Thetechnologies of calcining samples
were showed in TABLE 1. The XRD patterns of
sampleswereshowedinfigure 1.

Accordingtofigure 1, thesample Sawas o-Fe,O,
and belongsto hexagonally, the shapes of peakswere
consistent with the other references”®. Besides some
v-Fe,O, wasincluded in sample Saand the 3.66 char-
acteristic pesk wasabsent inthe XRD pattern of sample

TABLE 1: Technologiesof calcining the samples

Samples Sa Sb Sc S| Se
Temperature 673K 773K 873K 673K 2h, 573K 2h,
andperiod  2h 2h 2h 873K 2h 973K 2h
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TABLE 2: Averageprimary Diameter of ssmplesby calcula-
tion accordingto XRD data

Samples Sa Sb Sc %) Se
D(hm) 20.004 25786 23.339 26.922 25.110
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Figurel: XRD patternsof samples
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Figure2: TEM photograph of Sc

Sa. So wecan conclude: themain product of calcining
the precursor for 2h a 673K wasa-Fe,0,; onthe other
hand, the reagentswerenot changed into a-Fe,O, com-
pletely because of alittlelower temperature and shorter
period, someimpuritiesand theresidua precursor ill
existl®l, Whereas the sample Sb was better than the
sample Sa, someimpuritieswerestill containedinthe
sample Sh. According to figure 1, the sample Sc, Sd
and Sewere pure a-Fe,0,.

Accordingtofigurel, with the calcining tempera-
ture ascending and the period extending, the X-ray dif-
fraction peaksbecomehigher and narrower. The aver-
agesizesof particleswere calculated by the Scherrer
formulathat wasD = k-A/B-COSO( with D: theprimary
diameter of the product/nm; k: 1.075(spherical crys-
ta); A: 0.154178/nm,; B integral peak width/arc; 0:
angleof diffraction/degree). Many X-ray diffraction

peaks of low angul ar degree(generally 20<50°) were
selected for calculation, and theaverageva uewas ob-
tained. Theresultswereshowed inTABLE 2. Accord-
ingto TABLE 2, aconclusion can be obtained: thepri-
mary diameter of particleswas between 20-30 nm.

TEM analysis of nanosized particles of a-Fe O,

Figure 2wasthe TEM photograph of sample Sc.
According to figure 2 thesizes of theparticleswere 50
nm and their shapeswere peanut-like. The TEM pho-
tographs of the other samplesweresimilar tofigure 2,
so the photographswere omitted. Commonly, the cal -
culated primary diameter based on XRD waslessthan
the primary diameter based on TEM, our result was
accordant with this phenomenon.

M echanism of preparation of nanosized particles
by solid-phase method

Themechanism can bedividedinto thefollow two
steps.
Fe(NO,),-9H,0 +3NaOH — Fe(OH), + 3NaNO, +9H,0
2Fe(OH),— a-Fe,0,+3H,0

In the process of solid-phasereaction, the contact
area of reagentsbecomeslarger by grind; meanwhile
thetemperature of some areaascends, which canini-
tiatereaction of thereagents. Crystd water wasinduded
by Fe(NQO,),-9H,0 and the melting point of
Fe(NO,).-9H,0 was low, therefore the trace crystal
water can be used as space of accelerating the reac-
tion. The particles collide with each other and nucle-
useswereformed rapidly, but particleswerevery diffi-
cult to crossevery phase, thereforethe nucleusescould
not grow rapidly. According to thetheoriesof crystal
science, when the speed of forming nucleusesfar ex-
ceeded the speed of growing of nucleuses, small par-
ticles can be formed easily. Therefore solid-phase
method was agood way for preparation of nanosized

particles.
CONCLUSION

Thetemperatureand period of caciningthereagents
wereimportant e ementsof preparation of nanosized
a-Fe,0, particles. Pure and uniform Fe(OH), began
to decompose at 575.1K, a-Fe,0, emerges at 573-
673K, with the temperature ascending constantly,
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Fe(OH), decomposes completely at 873K 2h, thena-
Fe,O, was obtained. With the temperature ascending
and the period extending, the sizes of a-Fe,O, par-
ticles become larger and larger. The technology of
preparation of nanosized a-Fe,O, particles by solid-
phase method had advantages of |ow cost of produc-
tion, simple process and short period of production.
Soitwassuitablefor industria production.
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