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ABSTRACT

To improve the oxidation resistance property of iron fibers, a SiO, coated iron fiber was prepared by sol-gel method,
and its microstructure, element and phase composition, antioxidation property, and crystallization were characterized by
scanning electron microscopy, thermal gravimetric analysis, X-ray diffraction and 3% CuSO, solution dripping. It was
found that the surface of the iron fiber can be fully covered with SiO, by using sol-gel method. Our results also indi-
cated that the time of iron begin to be corrupted in 3% CuSO, solution drip increased from 30 s to 240 s, and the tem-
perature increased from 200°C to 310°C. In addition, the oxidation and antioxidation mechanisms of the SiO, coated

iron fiber have also been discussed in this work.
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1. Introduction

Up to now, the most commonly used microwave absorb-
ers are magnetic materials (such as ferrite particles) and
dielectric materials (such as carbon black particles) [1-3].
However, the expansion of applications was limited due
to their thickness and weight. Recently, some researchers
has been devoted to the study of the electromagnetic
properties of nonspherical magnetic materials [4-8], such
as iron fibers (MIFs) etc. Owing to MIFs’ unique proper-
ties, lower cost and important applications as functional
microwave absorbing materials, the preparation and
properties of MIFs have been investigated by many re-
searchers [9,10]. To date, MIFs can be produced by bun-
dle-drawing, melt-extraction, and chatter-machining [7,
11-16] methods. For example, MIFs with diameter less
than 2 pm have been prepared by using bundle-drawing
method [7]. However, the MIFs easily oxidized in air,
and this poor anti-corrosion ability prevents its wide ap-
plications. To overcome this disadvantage, many meth-
ods have been used to improve the anti-corrosion ability
of the MIFs [17]. However, the anti-corrosion ability is
not good enough. Therefore, a new technique is neces-
sary to develop to improve the anti-corrosion ability of
MIFs.

The sol-gel technique is a low-temperature route wi-
dely employed to prepare thin films for use in the differ-
ent fields, because it can offer the homogeneous thin
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films at molecular scale and control of chemical purity.
Recently, it has a rapid development in the field of ma-
chining electromagnetic materials and the interest to pre-
pare the materials by sol-gel methods [18-19] has in-
creased remarkably. Moreover, SiO, has excellent insu-
lation property and antioxidation property. To this end, a
novel SiO, coated MIFs has been developed by sol-gel
technique in this paper. Our experimental results further
demonstrated that the antioxidation property of the SiO,
coated MIFs has been improved evidently.

2. Experimental Methods

In this work, silicon dioxide sols were prepared by using
tetracthoxysilane (TEOS) as precursor, ammonia water
as activator and absolute alcohol as solvent. Firstly, 100
ml TEOS/alcohol solution was prepared by mixing
TEOS with absolute ethanol at a molar ratio 3:10 of
TEOS to C,HsOH, and then 50 ml ammonia water was
added into the TEOS/alcohol solution smoothly under
stirring simultaneously. After that, 10 g iron fibers were
added into the above prepared solution, at the same time,
the system was kept shaking and the temperature was
kept at 25°C in water shaker for 30 min. Finally, the iron
fibers were dried in oven at 100°C, and a SiO, coated
MIFs were obtained.

For passivation, a solution of chromiumtrioxide/ phos-
phoric acid/blackening agent/accelerant was prepared
with molar ratio of 6:3:4:15 and the amount of the re-
agents in solution were varied in the range 20 - 35 g.
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Then put the above treated MIFs into the passivation
solution and passivating for 4 hours at 25°C. After that,
the final passivated MIFs were washed with distilled
water and then dried in air at 60°C.

To characterize the final obtained MIFs, scanning
electron microscopy (SEM), thermal gravimetric analysis
(TGA), X-ray diffraction (XRD) and 3% CuSOy solution
dripping were used. In detail, SEM was used to observe
the morphology of the films. Elements of the passivated
films are conformed by using energy dispersive spectrum
(EDS). Phase composition of the passivated films after
heat treatment was identified by XRD. The thermal be-
havior of the samples was determined by TGA. 3%
CuSOy solution drip was adopted to determine the anti-
corrosion property of the passivated films.

3. Results and Discussion

To study the morphology of MIFs before and after sol-
gel processing, SEM is performed for the MIFs samples,
and they are shown in Figure 1. The SEM images of the
MIFs before and after treatment are shown in Figures
1(a) and (b), respectively. As can be seen from Figure 1,
the surface of the MIFs without treatment was rough and
full of drawing trace, which can improve the physics
limitation and easily been corrupted. As shown in Figure
1(b), after sol-gel processing, the surface of the MIFs has
been covered with SiO, successfully.

In order to investigate the morphology of SiO, coated
MIFs after passivation, SEM is also perform for SiO,
coated MIFs after passivation, and shown in Figure 2.
As can be seen from Figure 2, the surface of the MIFs
has been covered with spherical SiO, particles.

In this work, element distribution is also characterized
by EDS for the SiO, coated MIFs and the results are
shown in Figure 3. It can be seen from Figure 3, besides
of the peaks corresponding to Ni, C, O, Cu clements,
there are several characteristic peaks of Fe element,
which attributed to the iron fibers. The Si, O elements
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Figure 2. Surface appearance of the MIFs film after treat-
ment under SEM.
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comes from the sol-gel method, and the Ni elements are
obtained from the passivation. This result further indi-
ated that the surface of the MIFs has been coated with
Si0, successfully, and this further confirms our previous
SME results.
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Figure 1. Surface appearance of the MIFs under SEM: (a)
without treatment; (b) after treatment.
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Figure 3. EDS analysis of the M| Fs after treatment.
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In order to study the oxidation resistance property of
MIFs after sol-gel processing and passivation, TGA ex-
periments are performed for MIFs before and after sol-
gel processing and passivation, and they are shown in
Figure 4. 1t is found that the weight begin to increase at
200°C for MIFs without treatment, this means that the
MIFs without treatment began to oxidize at this point.
When the temperature reaches to 370°C, the MIFs start to
aggravate. Compared to the MIFs without treatment, the
temperature for the treated MIFs begin to oxidize is
310°C, and the aggravate temperature is 440°C. Mean-
while, the increased weight of the treated MIFs is always
less than the MIFs without treatment. These results indi-
cate that the oxidation resistance of the MIFs is enhanced
after sol-gel processing and passivation evidently.

To further study the oxidation resistance property and
phase stability of MIFs after sol-gel processing and pas-
sivation, XRD experiments are performed for MIFs sam-
ple after heat treatment under 400°C for 3 hours, and they
are shown in Figure 5. In this work, two kinds of MIFs
samples were heat treated, one is the MIFs sample just
after sol-gel processing, and the other one is the MIFs
sample after both sol-gel processing and passivation
treatment. It can be concluded from Figure 5, after heat
treatment under 400°C for 3 hours, the XRD pattern of
the MIFs sample just after sol-gel processing exists two
main phases: pure iron and Fe;O,4. But for the XRD pat-
tern of the MIFs sample after both sol-gel processing and
passivation treatment exist only one main phase: pure
iron. These results imply that the oxidation resistance
property of the sol-gel processing treated MIFs can be
further improved by passivation processing. Our present
results also consist with the previous TGA study, and
further confirmed our previous experiments. The anti-
corrosion property of the MIFs was identified by 3%
CuSOy, solution drip and the result turns up to be: the
anti-corrosion time of the MIFs after treatment increased
from 65 s to 240 s.
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Figure4. TG curve of the MIFsbefore and after treatment.
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Figure 5. X-ray diffraction spectrum of the MIFs after heat
treatment.

4. Conclusion

In order to improve the oxidation resistance property of
MIFs, a novel SiO, coated MIFs has been developed, and
to further improve the oxidation resistance property of
MIFs, a passivation processing was studied. The experi-
mental results indicated that, the surface of the MIFs can
be covered by SiO, after sol-gel processing. The anti-
oxidation property of SiO, coated MIFs can be improved
by further passivation treatment.
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