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Abstract This work describes the production and
characterization of carbon-iron nanocomposites
obtained from the decomposition of iron pentacar-
bonyl (Fe(CO)s) mixed with different carbon materi-
als: a high surface area activated carbon (AC),
powdered graphite (G), milled graphite (MG), and
carbon black (CB). The nanocomposites were pre-
pared either under argon or in ambient atmosphere,
with a fixed ratio of Fe(CO)s (4.0 mL) to carbon
precursor (2.0 g). The images of scanning electron
microscopy and the analysis of textural properties
indicated the presence of nanostructured Fe com-
pounds homogeneously dispersed into the different
classes of pores of the carbon matrices. The elemental
Fe content was always larger for samples prepared in
ambient atmosphere, reaching values in the range of
20-32 wt%. On the other hand, samples prepared
under argon showed reduced Fe content, with values in
the range 5-10 wt% for samples prepared from
precursors with low surface area (G, MG, and CB)
and a much higher value (~19 wt%) for samples
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prepared from the precursor of high surface area (AC).
Mossbauer spectroscopy and X-ray diffractometry
showed that the nanoparticles were mostly composed
of iron oxides in the case of the samples prepared in
oxygen-rich ambient atmosphere and also for the AC-
derived nanocomposite prepared under argon, which
is consistent with the large oxygen content of this
precursor. For the other precursors, with reduced or no
oxygen content, metallic iron and iron carbides were
found to be the dominant phases in samples prepared
under oxygen-free atmosphere. The samples prepared
in ambient atmosphere and the AC-derived sample
prepared under argon exhibited superparamagnetic
behavior at room temperature, as revealed by temper-
ature-dependent magnetization curves and Mdssbauer
spectroscopy.

Keywords Iron oxides - Porous carbon - Iron
pentacarbonyl - Mdssbauer spectroscopy - X-ray
diffraction - o-Fe - ZFC/FC. - Nanocomposites

Introduction

Nanocomposites are composite materials where at
least one of their components has one of the dimen-
sions in the size range less than 100 nm (Camargo et al.
2009). The methods used to synthesize nanocompos-
ites exert great influence on their physical and chemical
characteristics, including chemical composition, stoi-
chiometry, crystal structure, microstructure, electric
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and magnetic properties, among others (Gleiter 1992).
The search for low-cost and easily reproducible
methods of synthesis of nanocomposites is a subject
of high current interest, especially for materials with
large perspectives for technological applications, such
as the carbon-iron nanocomposites. The potential
applications of these nanocomposites are several,
including: industrial optimization (Ramsden 2009),
deployment of new biomedical techniques for treat-
ments and prevention of disease (Davis 2002), cost
reduction in civil construction (Steyn 2009), improve-
ment in the quality and production of agricultural
products (Galembeck et al. 2007), preparation of
ferrofluid solutions (Sun and Nava 2002), adsorbing
contaminants in water (Gupta et al. 2011), adsorption
and oxidation by Fenton processes (Oliveira et al.
2010) and others.

One of the major concerns in nanocomposites
synthesis is the production of an uniform material
(morphology, size and distribution of particle size)
with reproducible physical, chemical and magnetic
properties. This aim is a difficult task due to the small
particle size of some components (Willard et al.
2004). Among the various synthesis methods, the
wet preparation is the most economically viable. In
this method, the precursors are either in liquid state or
in solution. The properties of the nanoproducts
obtained by wet preparation methods (such as impreg-
nation, precipitation, co-precipitation, etc.) depend
strongly on the conditions used during the synthesis,
including the temperature, the pH of the reaction
medium, the possible use of catalysts, the possible
application of electric fields, ultrasound, electromag-
netic radiation and others (Ragheb et al. 2013;
Klabunde and Richards 2009; Koch 2006). There are
also many recent examples of nanoparticles of metal
oxides produced by wet chemical routes starting from
metal complexes (Hosny 2014; Hosny et al. 2015,
2016b; Snovski et al. 2014; Schettino Jr et al. 2010;
Moussa et al. 2013).

There are various possible combinations of mate-
rials for the production of nanocomposites, including
zeolite-encapsulated iron oxide nanoparticles (Luo
et al. 2015; Lai et al. 2015) and silica nanoparticles in
mixed matrix membranes (Jullok et al. 2016). How-
ever, because of the versatile characteristics of carbon
materials as well as the physical and chemical
properties of iron compounds, one of the most
promising types of nanocomposites involves the
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combination iron-carbon. A wide diversity of carbon
materials, such as pitches, carbon fibers, activated
carbons, carbon blacks, graphite, and carbon nan-
otubes have been mentioned as suitable nanoparticle
supports (Sano et al. 2003). Within this group, acti-
vated carbon offer some advantages, since they have
weak interaction with dispersed nanoparticles, besides
presenting high specific surface area and wide distri-
bution of pore sizes (Minchev et al. 2005). However,
activated carbons have structural and physical prop-
erties largely dependent on the chemical features of
the carbon precursor and on the specific conditions
employed during the synthesis (Camargo et al. 2009;
Rudge et al. 2000; Alexandrescu et al. 2010).

Iron-containing nanoparticles dispersed in acti-
vated carbons are among the most frequently inves-
tigated nanocomposites. In wet preparation methods,
as the iron source must be in solution, the compounds
iron(Ill) nitrate nonahydrate, iron(II) chloride, iro-
n(IIT) chloride, ferrocene, iron carbonyls, etc., are used
in many of the reported works (Kharisov et al. 2012;
Huber 2005; Lu et al. 2007; Mohapatra and Anand
2010; Wu et al. 2009). Among the iron oxides,
magnetite (Fe3;04) and maghemite (y-Fe,O3) embed-
ded in a carbon matrix are by far the most studied ones,
due to the large interest in view of technological
applications. Another interesting iron-carbon com-
pound is cementite (Fe3;C), because it shows very good
chemical stability and high saturation magnetization
(Schnepp et al. 2010). However, it is relatively
difficult to obtain pure Fe;C phase. High temperatures
and special conditions are required for the reduction of
Fe-oxides, which leads to the formation of a mixture of
Fe and Fe;C or even only metallic a-Fe (Cheng et al.
2011). Despite elemental iron presenting a much
higher saturation magnetization than its oxides, the Fe
particles are easily oxidized, leading to a significant
reduction in their saturation magnetization. This
problem, however, can be avoided by protecting the
Fe particles with a shell, which may be composed of a
carbon-based material(Snovski et al. 2012).

Our previous works (Schettino Jr et al. 2010, 2012)
show that it is possible to produce nanoparticles of iron
oxides supported on an activated carbon matrix, by the
decomposition of Fe(CO)s. We show that different
results can be obtained, depending on the details of the
synthesis conditions; likewise, the subsequent thermal
treatments (atmosphere N,) are extremely important
to consolidate the phase and the size of desired
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particles. Particularly, it is possible to obtain nanopar-
ticles of hematite o-Fe,Oj3 diluted in activated carbon
matrix or to synthesize crystalline hematite, depending
on the atmosphere and the heat treatment temperature.
Similar results were obtained in the studies by Hosny
et al. (2016a, b) for hematite synthesized from poly
o-aminophenol.

In this work, we investigated the role played by the
carbon matrix on the nature and properties of iron-
based nanoparticles produced by the decomposition of
the Fe(CO)s. This substance was chosen as the source
of iron, due to the interesting features of having iron in
the zero-valence state (Fe”) and presenting low acti-
vation energy for breaking the Fe-CO bonds. It is a
liquid with high vapor pressure at room temperature,
being thus easily decomposed to form iron compounds
dispersed into the carbon matrix (Jager et al. 2006;
Schettino Jr et al. 2010, 2012; Huber 2005). Four
different carbon materials with varying porosities were
used as support for the iron-based nanoparticles: a
high-surface area activated carbon (AC), powdered
graphite (G), milled graphite (MG), and carbon black
(CB). Different types of iron compounds were pro-
duced in nanostructured forms, including iron oxides,
carbides and metallic iron, depending on the physical
and chemical characteristics (notably on the oxygen
content and surface area) of each carbon precursor.

Experimental methods

One iron compound precursor and four carbon mate-
rial precursors were utilized. Fe(CO)s (Aldrich) was
used as received. AC is a commercial charcoal
activated carbon powder (Merck, product number
102186). Powdered graphite (G) was obtained by
grinding a high-purity graphite rod (Alfa Aesar,
99.9995 %, product number 14739) in an agate
mortar. MG was obtained by milling G for 4h in a
high energy mill. The milling was carried out in a
vibrating mill table, where container and cylinder are
made tempered steal with a hardness of 65 HRc and
volumes of 176 and 89 cm?, respectively. About 10 g
of G was placed in the container under ambient
atmosphere and temperature. CB was produced as a
solid deposit resulting from the plasma pyrolysis of
vehicular natural gas (Cunha et al. 2012). All carbon
precursors were ground and sieved to 70 mesh before
impregnation with Fe(CO)s.

All samples were prepared using the same ratio of
Fe(CO)s (4.0 mL) to carbon precursor (2.0 g). Two
different synthesis methods were employed: (i) In the
first method, liquid Fe(CO)s was directly added to the
carbon powder, at room temperature and ambient
atmosphere, in an open Petri dish. The mixture was
kept in a fume hood for about seven days, until the
complete drying of the material. The samples prepared
according to this method were labeled as AMB
samples. (ii)) In the second method, each carbon
precursor was placed in a Schlenk flask coupled to a
Friedrichs condenser (with continuous water flow) and
purged with argon flow at atmospheric pressure for 3
h. Next, liquid Fe(CO)s was added using a syringe.
The system was kept in a thermal bath at 115 °C for 12
h and then it was evacuated until the complete drying
of the mixture. The samples prepared according to this
method were labeled as ARG samples.

The chemical composition of the samples was
determined by elemental analysis (C, H, N, O
contents), using a Leco CHNS-932 coupled to a
VTF-900 furnace (for O analysis). Thermogravimetry
(TG) curves were recorded in a Shimadzu TGA-50H
instrument, under O, or N, flow (20 mL/min) using a
heating-rate of 5 °C/min up to the final temperature of
1000 °C. The Fe content was estimated from the ash
content of the samples, which was determined from
the residual weight observed after complete combus-
tion of the materials under oxidizing atmosphere up to
1000 °C in the TG apparatus. This calculation was
carried out considering that the ashes were entirely
composed of hematite (Fe,03), as identified by X-ray
diffraction (XRD) and Mdossbauer spectroscopy
(Schettino Jr et al. 2010, 2012). The correctness of
such assumption was verified by checking that the sum
of the values of all determined atomic contents was
close to 100 % (with error <2 wt%). XRD patterns
were recorded at room temperature, using a Shimadzu
XRD-6000 diffractometer, with Cu-Ko radiation (4 =
1.5418 A) and 20 values ranging from 10 to 90 °C in
steps of 0.05 °C. Mossbauer spectra (MS) were
recorded in a conventional transmission geometry,
both at room temperature (RT) and at 20 K, using
a>’Co:Rh radioactive source at RT. All isomer shift
values were corrected with respect to the bulk o-Fe
value obtained at RT. The morphology of the samples
was investigated by scanning electron microscopy
(SEM), using a Shimadzu SSX-550 instrument.
Energy dispersive X-ray spectroscopy (EDX) analyses

@ Springer



90 Page 4 of 9

J Nanopart Res (2016) 18:90

were recorded using a SEDX-500 instrument coupled
to the scanning electron microscope. Textural analysis
was performed from the N, adsorption/desorption
isotherms recorded at 77 K, using a Quantachrome
Autosorb instrument, with specific surface area (SSA)
values determined using the BET method (Brunauer
et al. 1938). The magnetic properties of the samples
were investigated using an evercool-I physical prop-
erties measurement system (PPMS), from Quantum
Design. Both zero field cooled (ZFC) and field cooled
(FC) magnetization curves were recorded with mag-
netic field intensity of H = 500 Oe and the magneti-
zation M was normalized to sample weight. Alternate
current (a.c.) magnetic susceptibility measurements as
a function of temperature were also performed, using a
small a.c. magnetic field (10 Oe), a frequency of 1.0
kHz and, optionally, a superimposed constant mag-
netic field (500 Oe).

Results and discussion

Table 1 gives the elemental analysis data and SSA of
the as-synthesized nanocomposites and the carbon
precursors. The elemental Fe contents in the synthe-
sized materials were always higher for samples
prepared in ambient atmosphere, with the highest
values occurring for AC and CB (both ~32 wt%). It is
interesting to observe the good correlation between the
Fe and O contents in all synthesized samples, which
suggests the presence of iron oxides as one of the
major formed phases in the samples. In the case of
ARG samples, the increase in the O contents of the

nanocomposites was caused by the decomposition of
Fe(CO)s. Comparing the carbon precursors among
themselves, it is observed that the O contents increase
proportionally to the SSA values, in the order AC >
MG > CB > G. The sample G, with the lowest O
content and the smallest SSA value, was the precursor
giving rise to the nanocomposites with the most
reduced Fe contents. The effect of milling was clearly
noted, leading to an increase in SSA and O content of
the MG precursor as compared to G and in the Fe
content of the derived nanocomposites.

Figure 1 shows the TG curves recorded under N,
flow for AMB (a) and ARG (b) samples. All AMB
samples showed an intense and sharp weight loss in
the temperature range 700-750 °C. This feature was
observed before in other iron-carbon nanocomposites,
being associated with the reduction of nanostructured
iron oxides to form mainly metallic iron nanoparticles
(Schettino Jr et al. 2010, 2012). The magnitude of the
weight loss was directly related to the O content of
each material, which can be observed by comparing
the TG curves of AMB and ARG samples. The weight-
loss corresponding to the iron oxides reduction was
present in the TG curve recorded for the sample AC-
ARG (which is rich in oxygen, due to the large O
content of the precursor AC). The sample MG-ARG
(the second in O content among the ARG samples)
showed a much slighter loss at a higher temperature,
whereas the other samples presented no corresponding
weight loss.

Figure 2 shows the XRD patterns recorded for the
synthesized nanocomposites, with the angular posi-
tions corresponding to graphite and to some iron

Table 1 Elemental Sample C (%) H (%) N (%) 0 (%) Fe (%) SSA (m%g)

analysis data (in wt%) and

specific surface area values AC 79.8 (1) 2.6 (1) 0.50 (1) 14.6 (6) - 1333

for all samples AC-AMB 407 (1) 170 (8) 020 (1)  270(1)  31.5(1) 756
AC-ARG 62.3 (6) 2.0 (1) 020(5) 1844 194 (3) 826
CB 98.5 (5) 0.2 (2) L1() 028() - 54
CB-AMB 51 (1) 0.5 (1) 062(5)  192(1)  32.0(1) 30
CB-ARG 833(3)  0.03 (1) 080 (3)  120(6) 102 (1) 50
MG 99.0 (2)  0.03 (3) 040 (1)  124(6) - 110
MG-AMB 58.8(7)  0.89(2) 030 (6)  160(1) 247 (1) 80
MG-ARG 91.0 (4)  0.16 (9) 0.40 (8) 302 781 95
G 1003 (2)  0.02 (1) 0.10 (6)  0.04(1) - 8
G-AMB 637(2) 04844 045(1)  132(3) 202 (2) 11
G-ARG 92.5(7)  0.04 (1) 0203) 037(3)  53(D) 7
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Fig. 2 XRD patterns recorded for a AMB and b ARG samples.
The angular positions corresponding to graphite and to some
iron compounds are shown at the fop

compounds likely to have been formed during the
synthesis shown at the top. The XRD patterns did not
show the presence of diffraction peaks associated with
any crystalline phases of iron compounds. Apart from
the Bragg peaks associated with graphite (in G- and
MG-derived samples) or turbostratic carbon (in AC-
and CB-derived samples), only broad bands identified
with nanosized iron compounds were observed in
these XRD patterns. Diffraction bands in the angular
range corresponding to iron oxides were clearly
observed in AC-AMB and AC-ARG samples and,
with minor intensity, in the other AMB samples
(Schettino Jret al. 2010, 2012). This is consistent with
the previously discussed large O and Fe contents of
these samples as compared to the other ones. The
average crystallite sizes of these nanostructured iron
oxides, estimated from the inverse linewidth of the
corresponding broad bands, were found to be around 5
nm.

The SEM images and the corresponding EDX
spectra recorded for the nanocomposites (shown in
Fig. 3) indicated that all iron compounds were
homogeneously dispersed throughout the carbon
matrices within the observation scale length (~5
pm). The images clearly showed the distinct

morphologies of the as-prepared nanocomposites,
which are related to the differences in the carbon
precursors used in each case. The typical morpholo-
gies expected for a charcoal (Marsh and Reinoso
2006) and for a carbon black (Donnet 1993) were
observed in the SEM images of the AC-derived and
CB-derived (Fig. 3) samples, respectively, with no
evidence for the segregation of Fe-containing parti-
cles. The comparison of the SEM images recorded for
the MG-derived and G-derived materials (Fig. 3) also
revealed the changes caused by milling, with the
presence of small rounded, less-faceted particles in the
nanocomposite prepared from the milled graphite
(Knieke et al. 2010; Antisari et al. 2006). The EDX
spectra, shown in the insets of Fig. 3, exhibited the Fe
characteristic peaks with intensities in the order AC >
CB > MG > G, in agreement with the elemental
analysis data of ARG samples given in Table 1.

The RT Mossbauer spectra of all AMB samples
(Fig. 4a) were fitted using only a quadrupole splitting
distribution component. The broad nature of these
spectra is attributed to the chemical and structural
disorder around the *’Fe nuclei in the nanostructured
iron compounds (Schettino Jr et al. 2010). The
hyperfine parameters were roughly the same for all
AMB samples, with approximate values of 0.34 and
0.7 mm/s for the isomer shift and mean quadrupole
splitting, respectively. These values are in accordance
with what would be expected for Fe’™ oxides
(Greenwood and Gibb 1971). These results suggest
that similar compounds (identified as nanostructured
iron oxides) were formed in all samples synthesized in

Fig. 3 SEM images of the samples G-ARG, CB-ARG, MG-
ARG, and AC-ARG
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Fig. 4 Mossbauer spectra recorded at room temperature for the
a AMB and b ARG samples, in ¢ it is shown the spectrum
recorded at 20 K for the G-ARG sample

oxygen-rich ambient atmosphere, irrespective of the
different Fe amounts present in each material.

On the other hand, the RT Mdssbauer spectra of the
ARG samples (Fig. 4b) were somewhat more com-
plex. In the case of AC-ARG sample, two broad
doublets were used for fitting the spectrum, with
isomer shifts of 0.27 and 0.55 mm/s and quadrupole
splittings of 0.86 mm/s for both components. These
values and the relative area of the subspectra (in the
ratio of ca. 2:1) point to the presence of Fe* " and Fe*™
components associated with magnetite (Schettino Jr
et al. 2012; Karr 1978; Orolinova and Mockovciakova
2009). This is consistent with the reduced O contents
of the samples synthesized under argon atmosphere. In
the case of the other ARG samples, similar doublets
were also used for fitting the spectra, which suggests
that nanostructured magnetite is one of the phases
present in these samples as well. Besides these
components, broad distributions of magnetic hyper-
fine field (Bys) were required for fitting the Mossbauer
spectra of samples G-ARG, MG-ARG, and CB-ARG,
with mean By values around 26 T. The range of By
values found in these distributions is consistent with
the presence of iron carbides and metallic Fe nanopar-
ticles, in agreement with previous reports of materials
prepared from the decomposition of Fe(CO)s (Min-
chev et al. 2005; Snovski et al. 2014). The Mossbauer
spectra of samples G-ARG and MG-ARG also showed
the presence of a well-defined sextet (very intense in
the case of sample G-ARG) with isomer shift ~0.0
mm/s and By = 33 T, indicating clearly the formation
of a-Fe nanoparticles (Pérez-Cabero et al. 2006;
Greenwood and Gibb 1971). It is interesting to note
that these nanoparticles are stable in air in ambient
conditions. The Mdssbauer spectrum of sample
G-ARG recorded at 20 K, Fig. 4c, was also fitted
using the same components present in the RT
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spectrum, only with a shift in the mean value of the
By distribution to ~34 T, indicating the predomi-
nance of o-Fe phase in this sample.

Figure 5 shows the temperature-dependent magne-
tization curves, M(T), recorded for the AMB and ARG
samples, following the ZFC and FC protocols. The
shapes of the ZFC curves obtained for samples
G-AMB, MG-AMB, CB-AMB were very similar,
with the occurrence of a magnetization maximum at a
temperature close to 50 K, identified as the blocking
temperature (7g) (Guimardes 1998) of the magnetic
moments of the nanoparticles that are in the
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Fig.5 ZFC and FC magnetization curves recorded for the AMB
and ARG samples. The inset in the left bottom part shows the
real part of the a.c. magnetic susceptibility curve recorded under
a constant magnetic field of 500 Oe
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superparamagnetic regime at RT. In all these cases, the
ZFC and FC curves were found to deviate from each
other in a broad range of temperatures below RT and
above Tg. This suggests the occurrence of a wide
particle size distribution for the synthesized Fe-based
nanoparticles, with particles of different sizes (and
thus with distinct individual blocking temperatures)
being progressively blocked as the temperature is
reduced (Allia et al. 2013; Schettino Jr et al. 2012).

The ZFC and FC M(T) curves recorded for the
sample AC-AMB exhibited similar features, with the
important exception that no maximum in the ZFC
curve was observed down to 5 K. However, a
maximum in the temperature-dependent alternate
current magnetic susceptibility curve, yac (T), shown
in the inset in the left bottom part of Fig. 5, was
observed at ca. 3.5 K with the application of a constant
magnetic field of 500 Oe. This evidence suggests that
the nanoparticles present in this nanocomposite are
very small in size, in agreement with the above
discussed XRD and Mossbauer spectroscopy data,
remaining in the unblocked regime at quite low
temperatures. The continuous increase of the magne-
tization with decreasing temperature in the FC
M(T) curve recorded for the AC-AMB sample was
an indication of weak interparticle interactions in this
nanocomposite, in spite of its large Fe content (31.5
wt%, see Table 1) (Prené et al. 1993; Papusoi Jr 1999;
Vargas et al. 2005). This is consistent with a scenario
where the fine nanoparticles are homogeneously
dispersed throughout the porous matrix of the AC
support (Schettino Jr et al. 2012). On the other hand,
slight changes in the slope of the FC M(T) curves in
the low temperature range (below Tg) were observed
for the CB-AMB, MG-AMB, and G-AMB samples,
which might be an indication of an increase in the
strength of interparticle interactions in these cases
(Vargas et al. 2005).

In contrast, the profiles of the M(T) curves recorded
for most ARG samples (Fig. 5) were remarkably
distinct from the ones observed for AMB samples. In
the case of AC-ARG sample, the ZFC and FC curves
were still consistent with the expected behavior of a
material that is superparamagnetic at room tempera-
ture. However, the maximum in the ZFC curve (at ca.
125 K) was broad and ill-defined, whereas the thermal
irreversibility in the magnetization was observed to
start at temperatures far above Ty, which suggests the
occurrence of a broad particle size distribution in this

material (Yu et al. 1995). The M(T) curves recorded
for the other ARG samples exhibited a more complex
behavior, with the occurrence of thermal irreversibil-
ity in a broad range of temperatures. Also, both the
ZFC and the FC curves recorded for these samples
exhibited maxima at different temperatures and a
minimum was observed in the FC curves at low
temperatures. These features suggest the occurrence of
strong interparticle interactions and of the formation
of a cluster glass (or superspin glass) state at low
temperatures (Bedanta and Kleemann 2009; Zysler
et al. 2001).

These differences in the magnetic behavior between
AMB and ARG samples are easy to understand
considering the details of their composition, revealed
by Mossbauer spectroscopy. While all AMB samples
and also the AC-ARG sample are basically composed
of nanostructured Fe>* oxides, a mixture of nanopar-
ticles composed of metallic iron, iron carbides, and
magnetite was identified by Mdssbauer spectroscopy in
the CB-ARG, MG-ARG, and G-ARG samples. Con-
sidering the occurrence of ferromagnetic or ferrimag-
netic phases at RT in these materials (as revealed by the
presence of sextets and By distributions in the
Mossbauer spectra), the M(T) values of ARG samples
were relatively high in comparison with the values
observed for AMB samples, even though the Fe
contents of ARG samples were always lower than the
corresponding contents of AMB samples (see Table 1).
With the reduction in the temperature, the occurrence
of intraparticle and interparticle magnetic interactions
in these complex mixtures caused the complex behav-
ior observed in the FC and ZFC curves shown in Fig. 5.

Conclusions

Nanostructured iron compounds were prepared inside
different carbon matrices, giving rise to carbon-iron
nanocomposites. The nature of these iron compounds
was largely influenced by the conditions used in the
synthesis (especially regarding the presence of oxygen
in the synthesis atmosphere) and the chemical/phys-
ical characteristics of the carbon precursors (such as
the oxygen content and the internal surface area). For
samples prepared under ambient atmosphere, nanos-
tructured Fe™ oxides (with average crystallite size
around 5 nm) were the dominant phases, with Fe
contents in the range 20-32 wt%. On the other hand,
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materials prepared under argon atmosphere showed
the presence of nanostructured iron carbides and
metallic iron, mixed with iron oxides in different
amounts for the various carbon precursors. In the case
of the sample prepared from an oxygen-free precursor
(graphite) and under argon atmosphere, the dominant
phase was composed of o-Fe nanoparticles, which
showed good stability in ambient conditions. Samples
prepared at ambient conditions have shown super-
paramagnetic-like behavior at room temperature, but
their blocking temperatures are ca. 50 K for all
samples. Since the carbon matrices have a broad
distribution of porous, it was also observed this feature
in Fe nanoparticles formed during our synthesis.
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