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A Study on Oxidation-Resistance of Iron Nanoparticles Synthesized
by Chemical Vapor Condensation Process
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Abstract In order to prevent the oxide formation on the surface of nano-size iron particles and thereby to
improve the oxidation resistance, iron nanoparticles synthesized by a chemical vapor condensation method were
directly soaked in hexadecanethiol solution to coat them with a polymer layer. Oxygen content in the polymer-
coated iron nanoparticles was significantly lower than that in air-passivated particles possessing iron-core/oxide-
shell structure. Accordingly, oxidation resistance of the polymer-coated particles at an elevated temperature below
130°C in air was 10~40 times higher than that of the air- passivated particles.
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Fig. 1. TEM images of the surface layers in (a) surface oxi-
dized and (b) polymer coated iron nanopowders.
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Fig. 2. X-ray diffraction patterns of iron nanopowders
synthesized through a surface oxidation process and a
polymer coating process.
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Table 1. Comparison of sizes, chemical compositions, and magnetic properties measured in normal and polymer-coated

iron nanopowders

Sample Fe core size Chemical composition (wt%) Calcullated oxide shell
(nm) C g 0 thickness (nm)
Surface oxidized 17 0.42 0 13.6 34
Polymer coated . 15 16.10 2.20 4.21 03
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Fig. 3. Relative mass increase upon (a) heating with speed
of 10°C/min., and (b) holding at various temperatures.
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Fig. 4. Changed form for the X-axis in Fig. 3 (b) from the
logarithmic scale to linear.
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Fig. 5. Thickness changes in oxide layers by oxygen pen-
etration during isothermal heat treatments at air atmo-
sphere in (a) surface oxidized and (b) polymer coated iron
powders.

Table 2. Diffusivities of oxygen penetration through oxide
and polymer layers during isothermal holding at air
atmosphere in produced powders

Diffusivity (cm%s)

Sample
70°C 100°C 130°C
Surface oxidized 4.9X10™*  4.6X1072 28X107%®
Polymer coated 59X107%° 52X10%  65x107%
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Fig. 6. Magnetic hysteresis loops measured in surface oxi-
dized and polymer-coating treated iron nanopowders.
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Fig. 7. Mossbauer spectra measured in (a) polymercoated and b) surface oxidized iron nanopowders.
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