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Abstract This paper reports about the synthesis and
characterization of a novel Fe/Fe,Os/polyoxocarbosi-
lane core shell nanocomposite as a material for gas-
sensing applications. The nanocomposites (Fe-based
nano cores enveloped with polymeric polyoxocarbos-
ilane shells) were prepared by the IR laser co-pyrolysis
of iron pentacarbonyl and hexamethyldisiloxane. The
iron-based cores become superficially oxidized in
atmosphere. The morphologies, chemical content and
thermal behavior were studied by different analytical
techniques. The sensing properties of the polymer-
poor nanocomposite thick films were tested by mea-
suring the variation of the electrical resistance in
presence of CO and CH,, at a working temperature of
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450 °C. Preliminary results indicate that for CO toxic
gas, an n—p transitional character of the semiconduct-
ing iron oxide appears in humid relatively to dry air.

Introduction

Fundamentally new and often superior physical prop-
erties emerge in hybrid materials at the nanoscale.
Nanocomposite metal/metal oxide nanoparticles, sepa-
rated by various polymers [1] are presently promising
for anew generation of high temperature gas sensors [2].

Solid state gas sensors, based on the adsorbate
dependent electrical conductivity of semiconducting
metal oxides, are widely used for detection of harmful
gases. If we refer to stannic oxide (SnO,) as the
prototypical solid state gas sensor material, acceptor-
like or donor-like adsorption of molecules results in
charged adsorbates, which induce a band bending of
the energy levels in semiconductors [3]. The resulting
variation of charge carriers in the conduction band
causes a detectable change in conductivity or ‘gas
response’.

It is now obvious that nanocrystalline materials,
exhibiting small particle sizes and large surface area
can be used for gas sensors which require an excellent
surface effect. Metal oxide semiconductor (MOS)
materials have non-stoichiometric structures, so free
electrons originating from oxygen vacancies contribute
to the electronic conductivity [4]. Several challenges
need to be solved in the development of gas sensors.
These include thermal stability, operation at temper-
atures often greater than 500 °C and both sensitivity



J Mater Sci (2007) 42:1838-1846

1839

and selectivity (the ability to distinguish between the
different gases).

Although a large number of different semiconductor
oxides have been investigated for their gas sensing
properties, there are few published reports concerning
the sensing behavior of pure or doped Fe,O5; materials,
either as thin films [S], pellets [6, 7] or as thick films [8,
9]. Still fewer reports exist (after our knowledge) in the
area of Fe,O3 gas sensor optimization by nanoparticle
processing, including novel fabrication methods. Many
reports underline that the high resistance of a pure iron
oxide film limits its practical use as sensor. Addition of
dopants decreases the film resistance and induces
selectivity in sensor response.

A survey of the literature [10] reveals that polymers
also acquired a major position as materials in various
sensor devices. Recent reports present either intrinsi-
cally conducting polymers, used as coating or encap-
sulating materials [11] or electrically conductive
composites that contain conductive fillers dispersed in
an insulating polymer matrix [12]. On the other hand,
the incorporation of nanostructured metal oxide with
sensing characteristics in polymer matrixes was studied
[13, 14] and could be designed to optimize the
performances of gas sensors by improving the sensor
thermal behavior, the selectivity and the reliability.

We have reported recently on the formation of
Fe-based nano cores enveloped with polymeric poly-
oxocarbosilane shells [15]. The IR laser-induced pyro-
lysis from gas-phase reactants was used as synthesis
technique [16]. A mixture containing iron pentacarbon-
yl (Fe(CO)s) and hexamethyldisiloxane (HMDSO)—as
iron and polymer precursors, respectively and ethyl-
ene—as reaction sensitizer was employed [17].

In this paper, the first investigations on gas-sensing
properties of the Fe/Fe,Os/polyoxocarbosilane nano-
composite are reported. By using different analytical
techniques, the chemical structure of the nanocompos-
ite was studied as a function of the [(CH3)3Si],O content
in the gas precursor mixture. The sensing properties of
the polymer-poor nanocomposite thick films were
tested by measuring the variation of the electrical
resistance in presence of CO and CHy, at a working
temperature of 450 °C. Preliminary results indicate the
n—p transitional character of the semiconducting Fe,O;
toward CO toxic gas in humid relatively to dry air.

Experimental
Materials

The black nanosized composites possessing iron-based
cores embedded in polyoxocarbosilane layers were

produced in a flow reactor, by the IR laser irradiation
of gaseous iron pentacarbonyl and hexamethyldisilox-
ane, as described in details elsewhere [15]. The focused
continuous-wave CO, laser radiation (100 W maxi-
mum output power, 4 = 10.6 um) orthogonally crossed
the gas flows emerging through three concentric
nozzles. Fe(CO)s vapors (about 25 Torr vapor pressure
at 20 °C) entrained by C,H,4 were admitted through the
central inner tube, while HMDSO vapors entered in
the reaction cell through an intermediate, middle tube.
The carrier gas for HMDSO was either C,H, or Ar.
The reactive gas flow was confined to the flow axis by a
coaxial Ar stream (the third, outer tube). In order to
prevent the NaCl windows from being coated with
powder they were continuously flushed with Ar. Since
both Fe(CO)s and HMDSO do not absorb in the
10.6 um region, C,H, was used as sensitizer (it is
excited by the absorption of the CO, laser radiation
and transfers, by collision the absorbed energy towards
the other reaction partners thus finally increasing the
translation temperature of the whole system). During
the experiment, the pressure in the reactor was
maintained constant (450 mbar).

The parameters for two representative runs are
presented in Table 1 (the first 4 columns). As opposed
to Run PF8 in Table 1, Run PF12 represents samples
with lower polymer content. A complementary ethyl-
ene flow was necessary in this case for the reaction
onset.

The sensitive structures were obtained under the
form of thick films by mixing the obtained Fe/polymer
nanocomposite with an organic solvent and by depos-
iting them on an alumina support equipped with Pt
electrodes and heater. For performing sensing tests, the
thick films were calcined at 500 °C (during10 min) thus
removing the organic solvent and improving the
adherence onto the substrate. The last row of Table 1
refers to the properties of the calcined PF12 sample
(heated in air at 500 °C).

Analytical methods used for the characterization
of the materials

After synthesis, the morphology and composition of
the Fe/polymer nanocomposites were characterized by
transmission electron microscopy (TEM), selected area
electron diffraction (SAED), X-ray diffraction (XRD),
thermal analysis (TGA and DTA) and Infrared Spec-
troscopy and X-ray photoelectron spectroscopy (XPS).

The XRD pattern was recorded on a DRON DART
UM-2 diffractometer equipped with a Cu K, radiation
and a graphite monochromator in the diffracted beam.
The crystallite sizes were calculated from the corrected
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Table 1 Experimental parameters and XRD estimations of mean crystallite sizes (D) for two significant samples obtained by the laser
synthesis of iron-based /polyoxocarbosilane nanocomposites and for the sample heated at 500 °C

Sample Ethylene/sccm Ethylene/sccm Ar/scem Ethylene/sccm  D(nm) XRD analysis
(Fe(CO)s carrier) (HMDSO carrier) (HMDSO carrier)  (sensitizer)
a-Fe )‘-F6203/Fe304 OC-F6203
PF 8 60 30 - - 9.5 8.6 -
PF 12 60 - 10 120 9.4 34 -
PF12 500 °C - - - - - - 535

In both runs the pressure and the laser power were maintained at 450 mbar and 70 Watt, respectively

FWHM (full width and half maximum) applying the
Debye—Scherrer formula. The powdery deposits were
imaged in a transmission electron microscope Philips
CM120ST (Customized Microscope 120 Super Twin,
120 kV max. acceleration voltage, about 2 A resolu-
tion, Cs = ~1.2 mm). The samples were analyzed by
the different electron microscopy techniques such as
BF-TEM (Bright Field Transmission Electron Micros-
copy), SAED and HRTEM (High Resolution Trans-
mission Electron Microscopy). Thermal analysis of the
Fe/polyoxocarbosilane nanocomposites (12-20 mg
sample weight) was carried out by heating the samples
up to 750 °C at the rate of 4 °C per minute using Cahn
D-200 recording microbalances in a stream of argon
(flow rate 100 ml/min). X-ray photoelectron spectra
were measured with a Gammadata Scienta ESCA 310
electron spectrometer using monochromatized Al Ko
(hv = 1486.6 eV) radiation for electron excitation. The
energy scale of the spectrometer was calibrated with
Au 4f;,, binding energy fixed at 84.0 eV.

The nanocomposites were tested for the sensing
capabilities using a DC—resistance measurement unit
equipped with and electronically driven computer
controlled Gas Mixing Station [18]. The conductivity
measurement facility allows for the determination of
the electrical resistance R = 1/G as a function of the
temperature (the different temperatures of the active
layers), the relative humidity (0-70% humidity) and
the gas concentration. The resistance of the films has
been monitored during the controlled exposure to
0-500 ppm and 0-5,000 ppm danger levels, in case of
CO toxic gas and CH, explosive gas, respectively.
Different gas atmospheres were obtained by mixing
synthetic air (5.0 purity) with methane and carbon
monoxide (5.0 purity). During measurements, the
temperature of the active layer was maintained at
450 °C and was obtained by applying a constant 8§ V
voltage to the Pt heater.

However, it was observed that probably due to their
high polymer content, most PF samples (including
sample PF8) exhibited a higher electrical resistance
than the sensor measuring device domain (100 MQ
upper values). It is worth noting that the nanocompos-
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ite sample with lower polymer content (sample PF12)
which is thoroughly investigated along this report was
specifically designed to suit the electrical measure-
ments of the sensitivity.

Results and discussions
Iron-based particles embedded in polymer layers

Studies of Fe(CO)s sequential decarbonylation by laser
pyrolysis [19] revealed the fast removal of carbonyl
ligands (first bond energy of 41.5 kcal mol™), with the
formation of metallic iron and CO. The CO, laser
decomposition of hexamethyldisiloxane occurs via (i)
primary cleavage of the Si—C and C-H bonds and (ii)
subsequent splits of the Si—-O bonds in intermediary
products [15].

Based on the experimental facts developed in this
work, we suppose that the nucleation in the gas phase
of these iron atoms is an essential step for the growth
of polymer covered iron nanoparticles. The hot surface
of the iron nanoparticles could exert a catalytic
activity, speeding up the siloxane monomer decompo-
sition. The thermally released monomer fragments
(CH,, C-OH, -C = O etc) may aggregate and adsorb
onto the iron core surfaces, covering them with
polyoxocarbosilane sheets. These nanocomposites
become partially oxidized in the outer layers upon
contact with air and change into Fe/Fe,Oz; (core)
nanobodies surrounded with polyoxocarbosilane lay-
ers. Such behavior is indicative of the incomplete
coverage by the polymeric matrix or of a porous
polymer structure.

TEM analysis

Medium resolution images of the nanoparticles are
presented in Fig. 1 for samples PF8 (a) and PF12 (b),
respectively. Different morphologies seem to charac-
terize these two samples. Thus, the TEM image for the
sample with the higher polymer content reveals nearly
spherical balls with a core-shell structure and with cca
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10-60 nm sizes. Dark cores encased in a lighter
material, presumably of polymeric nature appear.
The sample with much lower polymer content (PF12)
shows irregular features of the polymer matrix. The
particles in the polymer cages seem to coexist with
rather elongated dark cores.

An overview TEM image of sample PF12 heated at
500 °C indicates structural changes relatively to the as-
prepared sample (Fig. 1c). Irregular particles are
observed. Many of them still present a core shell
structure but in this case the darkish outer shell
seems much thinner and more compact than in the

W

Fig. 1 Medium resolution TEM images of the nanocomposites:
(a) from Run PF8 and (b) from Run PF12; (¢) low-resolution
TEM images of the sample PF12 heated in air at 500 °C

as-prepared structures: it seems that the ‘fluffy”,
polymer-like character was lost.

The sharp particle distribution of sample PF12,
pointing to a 16.2 nm mean diameter value (maximum
value of the Log Normal fitting function) is presented
in Fig. 2a. The selected area electron diffraction
(SAED) pattern of this sample (Fig. 2b), obtained
from a large area of particles exhibits rather diffuse
rings (suggesting the formation of amorphous-like or
disordered structures) and points to a major presence
of y-Fe,O5/Fe;O, (diffraction rings at 2.95, 2.52,
1.61 A) The presence of the body-centered-cubic bec
o-Fe crystallites (identified by the diffraction ring at
1.17 A) seems obvious.

The diameter distribution of the heated PF12
sample (Fig. 2¢) is still sharp, pointing a mean value
of 45.8 nm. This observation is of high importance for
the sensing behavior, since it demonstrates the nano-
metric character of the thick film structure.

XRD analysis

The diffractograms of PF8 and PF12 Fe/polymer
nanocomposites exhibit an evident broadness denoting
the occurrence of very small particles and/or the
presence of an amorphous phase (Fig. 3). In agreement
with the SAED analysis, the XRD spectra show the
coexistence of two major phases: an oxide phase and an
a-Fe phase. The crystalline phase composition and the
crystallite dimensions are estimated in the last column
of Table 1. In Fig. 3, the angular positions of the
broadest peaks are consistent with a spinel-type iron
oxide (Fe,O,), identified as either magnetite-Fe;O4
(JCPDS 19-0629, a = 8.396 A) or maghemite-y-Fe,O5
(JCPDS 39-1346, a = 8.3515 A). The peak broadening
prevents from undoubtedly distinguish between these
two structures. However, the values of the a lattice
parameter (8.373 A and 8.363 A for PF8 and PF12,
respectively) suggest the most likely formation of a
maghemite phase. The main difference is related to the
Debye-Scherrer crystallites sizes, namely 3.4 nm for
PF 12 and 8.6 nm (substantially higher) for PFS. The «-
Fe phase (JCPDS file 06-0696) displays similar char-
acteristics in both samples: the same cell parameter
a=2867 A equal to the standard 2.8664 A value and
almost equal Debye—Scherrer sizes (see Table 1). The
coexistence of y-Fe,Os/Fe;O4 and «-Fe was reported
by other authors as a result of the oxidation by air
exposure [20]. On the other hand, it was found that the
exposure of iron to low pressures of dry oxygen gas at
room temperature results in an oxide that has been
reported to consist qualitatively of a layer of Fe;Oy4
covered by a second layer of y-Fe,Os; [21]. As
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(b) Fig. 3 XRD analysis for samples PF 8 and PF 12, with the
identification of the main peaks. The upper curve represents the
diffractogram of PF12 sample heated at 500 °C in air, revealing
the almost total transformation of the iron-based core in
2.95 A— y Fe203 (220) hematite
A— v Fe203 (311} .
— B PF12 is probably related to both a large number of very
2.08 A— y Fe203 (400)/ 2.03 A= small Fe particles and the existence of defects in the
1.61 A— vy Fe203 (511) polymeric coat.
s (440)/1.43 A- o, Fe (200 The XRD spectrum of the_heate_zd in air PF12 sample
(the upper diffractogram in Fig. 3) shows almost
‘— 117 A- o Fe 211 entirely the hematite iron oxide phase (JCPDS 33-
S 0664). The estimated mean crystallite size of about
(c) 35 54 nm indicates an expected thermal grain growth.
] X =48.4mm from However, the nanosized character of the material is
= 30- Log Normal still maintained.
.E fitting function
g 25 PF12 Thermal analysis
%S 20- 500°C
P The thermal behavior of the powders PF8 and PF12
2 15- was examined up to 700 °C. Both powders are rather
5 stable and lose about 12% and 5% of their weight,
z, 10'_ respectively. The polymer degradation at high temper-
5 ature in sample PF12 should be rather small since this
] sample is already characterized by low polymer con-
0- tent. If the weight decrease at around 100 °C is likely

20 30 40
Particle diameter (nm)

50 60 70 80 90 100

Fig. 2 Particle diameter distribution for sample PF12 (a) and for
sample PF12 heated in air at 500 °C (¢); the SAED analysis for
sample PF12 (b)

mentioned before, the partial oxidation of the nano-
composites occurs in outer layers, upon contact with air
and is most probably due to defects in the polymeric
shell. A relative larger content of oxides for sample
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due to desorption of traces of water, recent studies [17]
have demonstrated that the Fe/Fe,Os/polioxocarosi-
lane nanocomposite is subject to depletion by a the Fe/
Fe,O5 core heterogeneous catalysis. The results of the
thermogravimetric analysis/differential thermal analy-
sis (TGA/DTA) of sample PF12 are presented in
Fig. 4. The plot shows that that the Fe/Fe,Os/polyoxo-
carbosilane nanocomposite decomposes through a two-
stage (at low- and at high-temperatures) evolution of
methane. It is shown that in the temperature range
100-700 °C relatively stable C=C and unstable Si=C
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bonds are formed. These unsaturated bonds are reac-
tive towards oxygen and water. Consequently, when
exposed to air, oxygen bonds (like in Si-O and C=0)
are formed.

The IR transmission spectra (not presented here)
confirm the findings of the thermal analysis. Referring
to the DTA plot, we assume that the broad peak
appearing around 500 °C may be related also to phase
transformations occurring in the Fe-based content
of the nanocomposite. It was shown [8] that for pure
(-Fe,03, an exothermic peak appears at about 495 °C
which means that a phase transition from spinel
structure to corundum structure (2-Fe,O3) (irreversible
transition) occurs at this point. As concerning the
chemical content of sample PF12 heated in air, the
main information was derived from XRD analysis, i.e.
the major hematite presence. Since after our knowl-
edge there are no reports about the pyrolysis of the
polyoxocarbosilanes in air one can speculate about the
possible formation of Si—O-based compounds, as indi-
cated by the IR spectra (the low-intensity band around
1,134 cm™). The formation of SiC was found to occur
at higher temperatures (exceeding 1,100-1,200 °C)
while at 500-600 °C, free carbon and silica seem to
prevail [22].

XPS analysis

The X-ray photoelectron spectra of the superficial
layers of the as-prepared and residue (after TGA)
nanocomposites offer complementary information
about their chemical structure. A detailed discussion
about the specific chemical states in polyoxocarbosi-
lane-based composites, in connection with the Si(2p),
C(1s) and O(1s) spectra is found in [17]. Here we
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Fig. 4 Thermogravimetric analysis/differential thermal analysis
of sample PF12

mention some relevant aspects of the chemical struc-
ture which could further contribute to the understand-
ing of the sensing properties. The Fe(2p) spectra reveal
the presence of two chemical states of iron, i.e. that of
Fe® (707.5 eV) and Fe** (Fe,Os, 711.5 eV) [25]. In
Fig. S5a, the comparison between the Fe(2p) spectra of
PF8 and PF12 samples may be followed. It is shown
that the outer layers of the polymer-poor sample
contain only the oxidized Fe®* form. Figure Sb
presents a comparison between the sample PF12 as
prepared and the residue (after thermal analysis). The
C(1s) spectra can be decomposed into components at
284.8,286.7 and 289.2 eV which are assignable to CH,,
C-0O and O=C-0O moieties [23]. The Cls spectral line
of the PF12 residue suggests a depletion in the total C
content mainly due to the decrease of C-O and -C=0
components.

One should underline the relevance of the structural
data for the comparison between the morphologies and
chemical content of PF8 and PF12. If the polymer shell
is thicker (sample PF8) then, on one hand the dielectric
character is higher and on the other hand, the oxidative
process of the Fe-based core is lowered, with a
deleterious effect on the semiconducting iron oxide
formation.

Sensing behavior of the Fe/Fe,O3/
polyoxocarbosilane nanocomposite

Gas sensitivity measurements

Assuming a semiconducting gas sensor behavior of the
nanocomposite, the cross sensitivity of Fe,Os/polyoxo-
carbosilane thick films was studied by exposing them to
carbon monoxide, methane and different humidity
levels at a constant temperature of 450 °C. One should
observe that for “in field” applications, the relative
humidity of air cannot be neglected. We consider the
selectivity of the system with regard to both these gases
since CO is a product of incomplete combustion of
CH,. Figure 6a shows the transient characteristic of the
electrical resistance for the PF12 thick film at different
concentrations of CHy, and CO (graphically marked
with different types of hachure) in synthetic dry air
(left side of the image) and in controlled humidity
(right side of the image). The thin solid lines give the
schedule of switching and applied gas concentration.
The height of the steps corresponds to the concentra-
tions of carbon monoxide (500 ppm) and methane
(2,500 ppm), respectively. In dry air atmosphere (0%
RH), in the presence of both CO and CH, gases the
PF12 resistance variation has an increasing trend which
points a type p conduction. On the contrary, in humid
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Fig. 5 (a) Fe 2p X-ray
photoelectron spectra of the
powders from Run PF12 and
PF8; (b) Cls window for
PF12, original sample (lower
curve) and residue after TG
(upper curve)
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air atmosphere (30% RH), which is similar to usual
practical situations, the variation of PF 12 resistance in
presence of CH, has a very low increase (type p
conduction) but in presence of CO it experiences a
decreasing trend (type n conduction). Thus, Fig. 6a
reveals the p- to n-transitional character for CO gas in
humid relatively to dry air. At the same time, one
observes that an incipient selectivity might exist in
humid air for the detection of CO (type n conduction)
relatively to CHy4 (type p conduction). In order to
evaluate the extent of this observed selectivity [24],
one needs to increase the sensor response to CO and
CH, by improving the different technological steps
involved in the thick film formation. The nonlinearities
in the sensor response (appearing in dry air under the
form of spikes) may be due to the unstable reaction
centers further inhibited in the presence of water.

Figure 6b displays the temporal variation of the
composite resistance for different RH (%). In presence
of water the semiconductor conductivity demonstrate a
constant p-type behavior. Much more, remarkable
stable and reproducible sensor response may be
noticed.

Figure 6¢ displays the plot of the sensor’s signal
toward both CO and relative humidity (RH %), for
different applied gas concentrations and percent RH,
respectively. The signal S is defined as the ratio
between the resistance of the sensitive film measured
in air versus the resistance in the test gas (S = Ru/
Ricst). Thus, the sensor signal reaches the value of 1.07
for CO concentration of 500 ppm at an operating
temperature of 450 °C. Although difficult to compare
(due to the different experimental conditions, includ-
ing the preparation method) this modest value seems
however to be higher than that reported by Lee et al.
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[8] for thick films of iron oxide. At the same time, for
the inverse of the sensor signal (defined as 1/S = Ryeq/
R.i;), a value of 1.35 is reached for 30% relative
humidity.

The dependences in Fig. 6c which refer to the
sensitivity measurements in CO and humid air are
relevant for the n—p transitional character of the
semiconducting iron oxide. An n- to p-type conductiv-
ity transition induced by oxygen adsorption on
o-Fe203 was already reported [25]. It was suggested
that n- or p-type conduction is observed due to the low
formation enthalpy of intrinsic defects, such as oxygen
vacancies [26].

We should mention that at this stage, the goal of our
preliminary investigations was merely phenomenolog-
ical, intending to study the cross sensitivity of the
sensing structures. An analysis of other sensor param-
eters, most important for practical applications (such as
the response and the recovery time, the sensor
calibration curve and its temporal stability, etc) will
be the concern of further investigations.

Fe—C nanocomposite as a mixed sensor system

As described before, the Fe/Fe,Os/polyoxocarbosilane
nanocomposites possess a dominant core-shell struc-
ture which could manifest a sensing behavior primary
due to the iron—oxide-based core. In this connection,
the better material stability offered by the hematite
relatively to other iron oxide phases such as maghemite
was considered. A nanometric structure, presenting a
high surface area will enhance the sensing properties.
Indeed, the processing of the sensing material ensures
a grain size in the nanometric range, even after air
calcination at 500 °C (see Fig. 2). Therefore, the
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Fig. 6 (a) Transient response of the iron oxide/polymer thick
film to various CH4 and CO concentrations in synthetic dry air
(left side of the image) and in controlled humidity (right side of
the image); (b) Transient behavior of the measured electrical
resistance for different percent relative humidity values; (¢) The
signal (R,i/Riest) Versus CO concentration and percent relative
humidity, respectively, measured at 450 °C working temperature

specific surface exposed to gas reactions should be high
enough for sensing applications.

However, for explaining the observed sensitivity one
should take into account not only the Fe,O3 content
but also the polymeric shell. Experimental facts [17]
indicate that interactions between the oxide core and
the polymer are taking place and that the calcined

polyoxocarbosilane shell could play a complex role as
far as the sensing properties are concerned: (i) the
polymer coating maintain a good dispersion between
the small grains (coatings prevents grain growth and
agglomeration) thus avoiding sintering and at the same
time, probably exceeding the percolation threshold
[27]; (ii) if we refer to the polycarbosilanes pyrolysis in
the range 100-500 °C, the polymer degradation is low
and the polymer shell could act like a stabilizer for the
oxide phase at higher temperatures [28]; (iii) however,
even in this range of temperatures the thermal degra-
dation begins and should be manifested by the loss of
volatile components, by moderate cross-linking and by
the formation of an inorganic, ceramic precursor
composition (such as carbon-rich, amorphous Si com-
pounds) [29]. Simultaneously, the appearance of
nanometric-size channels, due to the loss of gas and
shrinkage in volume could favor gas penetration onto
the Fe,0j; interface [30]; (iv) the probably low contri-
bution of the carbonaceous component of the calcined
composite to the semiconductivity of the thick film
should not be neglected. In fact it is already known
that, depending on the chemical process and on the
heating temperature, amorphous carbon (issued from
the degraded organic compounds/polymers) could
present different degrees of semiconductivity [31].

In addition, the sensing behavior of our system
seems to be tightly connected to the different humidity
conditions. In this connection, an incipient mechanism
may be qualitatively invoked. It was already observed
that in case of Fe,Osz—based thin films, the relative
humidity has a strong effect of on the CO response [5]:
in dry air, the sensor response is related to the surface
reactions between CO and the chemisorbed oxygen but
the co-adsorbed water may change states and reactiv-
ities of the adsorbed oxygen and consequently, the
Sensor response.

Conclusions

Initial results concerning the structure and the sensitive
behavior of a Fe/Fe,Os/polyoxocarbosilane nanocom-
posite are reported. Nanocomposite powders with
different polymer content were prepared by the IR
laser co-pyrolysis of iron pentacarbonyl and hexame-
thyldisiloxane. They become superficially oxidized in
atmosphere. Their morphologies, chemical content and
thermal behavior were studied by different analytical
techniques. Thick films prepared from the low-polymer
content Fe-based/polymer material were examined for
the sensing capabilities, by testing the variation of the
electrical resistance in presence of CO and CH, gases.
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Preliminary measurements were performed at a tem-
perature of 450 °C, in dry and humid air. It resulted
that, relatively to CO toxic gas, an n—p transitional
character of the semiconducting iron oxide appears in
humid—dry air, respectively. The more stable sensor
behavior of the nanocomposite in the presence of
different humidity conditions suggests possible appli-
cations in the area of humidity sensors. Further studies
will focus on the different factors (granulation, crys-
tallinity, doping and calcination temperature) which
could improve sensor response and selectivity towards
the monitored gases.
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