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Characterization of Iron Oxide Nanoparticles Synthesized by Flame Synthesis
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Abstract

Size and crystalline phase changes of Fe,O; nanoparticles formed in a H,/O, flame have been investigated.
At flame temperatures below 1350°C, the mean particle size increased monotonously with the distance from
the burner edge; but in high-temperature flames above 1650°C, it suddenly decreased from 20 nm to ~3 nm
with the distance from the burner edge. The results of X-ray diffraction and HRTEM showed that this sudden
reduction of the size of nanoparticles was accompanied by a partial phase transformation from y-Fe,O; into a-
Fe,03. We suggest the structural instability due to y- to a-phase transformation as a mechanism for a rapid
fragmentation of 20 nm particles into 3 nm ones.
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Fig. 1 Mean particle size versus the flow coordinate
of Fe,O; nanoparticles formed at different [H,]/[O;]
ratios.
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Fig. 2 Structural characterization of Fe,0;
nanoparticles. (a) High resolution TEM image of Fe,O;
nanoparticles collected at 20 mm, (b) The same at 60 mm,
(c) XRD patterns of Fe,O3 nanoparticles for different z
([H2)/[02] = 0.8).
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Fig. 3 Magnetic properties of Fe,O4
nanoparticles. Susceptibility measured at 30 G for
particles collected at different z.
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Fig. 4 The diagram of the particle temperature
stability according to Eq. (1). The vertical arrow
indicates the location of losing stability and the onset of
the fragmentation for 10 nm particles. The dot line
corresponds to 2 nm particles. The dashed line is the gas
temperature shown for comparison.
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