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Abstract: Polyaniline-poly vinyl alcohol (PANI-PVA) con-
ducting blends containing 15 wt% aniline were synthe-
sized by in situ polymerization of aniline. Three-phase
polymer blended nanocomposites with different contents
of magnetite (5, 10 and 15 wt.%) were also synthesized.We
measured the current-voltage (I-V) curves for the conduct-
ing blend and its magnetite nanocomposite. We also mea-
sured their thermal stability, and performed kinetic analy-
sis through thermogravimetric analysis. We observed that
the three phase nanocomposites showed enhanced elec-
trical conductivity compared with that of the conductive
blend, and no electrical hysteresis. The PVA/PANi blend
wasmore stable above 350∘C and the addition of Fe3O4 en-
hanced the thermal stability of the conductive blend. The
apparent activation energy of the three phase nanocom-
posites was greater than those of both the pure PVA and
PVA/PANi samples. These results suggest that such three
phase nanocomposites could be used in a range of appli-
cations.

Keywords: Three-phase nanocomposite, Polyaniline-poly
vinyl alcohol, Kinetic analysis, Thermogravimetric analy-
sis, I-V characteristics, magnetite

1 Introduction
Magnetic nanoparticles have various characteristics that
have drawn considerable research interest, in terms of
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both fundamental scientific studies and technological ap-
plications. Such applications have increased in recent
decades to cover various medical and industrial fields.
Ferro-fluids are used in audio speakers, magnetic record-
ing media, and magnetic resonance imaging, and many
relevant studies have been published [1–5].

Intrinsically conducting polymers (ICPs), are long
range conjugated polymers with the ability to conduct an
electrical current. ICP-based polymeric composites have
many practical applications [6, 7], owing to their easy
synthesis, low density, and controllable electric conduc-
tivity. Conferring magnetic properties to intrinsically non-
magnetic ICPs has recently drawn the attention of many
researchers [8]. ICP-based magnetic conducting polymer
composites have a wide scope of applications. These ap-
plications extend from replacing conventional magnetic
polymer-composites to more sophisticated electronic ap-
plications. Furthermore, such composites are regarded as
attractive alternatives formicrowave applications and elec-
tromagnetic interference shielding [9–13].

Polyaniline (PANI) is considered to be a particularly
useful ICP because of its good chemical stability, rela-
tively low cost, and ease of synthesis [14, 15]. Furthermore,
it exhibits metallic conductivity. However, PANI has very
poor mechanical and thermal stabilities in its conducting
state [16]. This necessitates its preparation in a copolymer
form. The problem of poor thermal stability of PANI alone
can be solved by preparing PVA/PANI blends, and blend-
ing PANI with polyvinyl alcohol (PVA) is an effective solu-
tion [17, 18]. In addition, filmsprepared fromPANI blended
with polyvinyl alcohol (PVA) exhibit reasonable mechani-
cal stability over a wide temperature range.

From a technical viewpoint, it is well known that phys-
ical properties of polymer composites tend to vary as a re-
sult ofmanyprocessing factors, suchas thematrix/filler in-
teractions. Depositing a PANI polymeric matrix over mag-
netic ferrite particles is one way of promoting this inter-
action. This preparation technique not only effectively re-
duces the surface areabut also enhances thephysical prop-
erties [19, 20].
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By incorporating a non-conductive filler during in situ
polymerization of PANI, various ranges of conductivity
have been obtained. In all cases, end-capped polymers
were found to have higher electrical conductivity than that
of the PANI/PVA blend alone. Thus, the loss in the electri-
cal conductivity of PANI as a result of its blendingwith PVA
can be compensated for by cross linking PANI chains over
magnetite nanoparticles [21].

Generally speaking, various types of magnetic fillers
can efficiently impart magnetic character to conductive
polymer composites; however, ferrite nanomaterials are
superior for this purpose [22, 23]. The success of the pro-
cessing depends mainly on the compatibility between the
filler and polymer. Magnetite as a magnetic filler is gener-
ally compatiblewith PANI [10], and also imparts goodmag-
netic properties at a low loading level.

Previous work of Nagvenkar et al. has reported en-
hanced thermal conductivity of sonochemically synthe-
sized iron nano-fluids. Ibrahim et al. [24] found that the
dark current-voltage characteristics of three-phase multi-
walled carbon-nanotube/polyaniline/magnetite compos-
ites were non-linear and showed rectification behavior.
Khouloud et al. [25] studied the effects of nano-filler
loading of surface modified Fe3O4 by polyaniline/epoxy
nanocomposites in terms of their tensile, mechanical, and
dielectric properties. They found that 3 wt% of filler en-
hanced the tensile strength and the glass transition tem-
perature. A high charge transfer resistance was achieved
through the use of 3 wt% of filler compared with that of
pure epoxy. Other researchers have investigated two phase
PANi/FeO4 composites [26–36].

In the present work, we investigate the electrical and
thermal stability of PVA/PANI blends and nanocomposites
withmagnetite nanoparticles. Our objective was to investi-
gate the effects ofmagnetite nanoparticles on the electrical
properties (I-V characteristic curve) and thermal stability
of PVA/PANi blends. Themodel-freemethodwas also used
to estimate the activation energy of the PVA/PANi blend
and its magnetite nanocomposite.

2 Experimental

2.1 Preparation of magnetite (Fe3O4)
nanoparticles

Magnetite nanoparticles have been synthesized by con-
trolled co-precipitation techniques [37, 38]. Ferrous chlo-
ride (99.99%) and ferric chloride (99.9%) were purchased
fromMerck - Sigma-Aldrich. A solution of ferrous chloride,

ferric chloride in a molar ratio 1:2 was freshly prepared.
Ammonia solution was then added dropwise under vigor-
ous stirring andnitrogen sparging.Magnetite crystalswere
formed andprecipitated; this powderwas subsequently re-
moved from the liquid phase with the aid of an external
magnet. The powder was rinsed with deionized water and
separated by centrifugation.

2.2 X-ray Diffraction Measurements of Fe3O4

X-ray diffraction (XRD)was performed on a Philips Pu 1390
channel control diffractometer with a Cu-Kα target and a
filter of wavelength (λ = 1.791 Å). Measurements were ac-
quired at 300 K using a power source 50 kV and 150 mA.
X-ray diffractograms are plotted from data obtained from
2θ = 10∘ to 2θ = 80∘ at a rate of 2 min−1.

2.3 Synthesis of PANI-PVA blends and
PVA/PANi/Fe3O4 nanocomposite:

A 15-wt% PVA hydrogel was prepared by soaking PVA pow-
der (Mw 130,000, >99% hydrolyzed Sigma-Aldrich) in dis-
tilled water for 4 h at room temperature. The preparation
was completed by stirring the slurry at 70∘C for a further 4
h. Finally, the hydrogel was allowed to cool down to ambi-
ent conditions.

Aniline hydrochloride (>99% Sigma-Aldrich) was dis-
solved portion-wise in the PVA hydrogel in a 1:1 ratio with
PVA and themixture was brought to 40∘Cwith an ice bath.
Magnetite powder was dispersed in the aniline/PVA hy-
drogel, then 1.0 g of ammonium persulphate (APS, ACS
reagent >98% Sigma-Aldrich) was added to 40 mL of hy-
drochloric acid (1 M) and stirred. The APS solution was
then added dropwise to the aniline/PVA hydrogel. A few
minutes after injection of the oxidant, the solution turned
bluish-green color. Over time, the color of the reactionmix-
ture increased in strength. After 4 h of continuous stirring,
the resulting greenish black thick gel was cast into clean
Teflon molds and allowed to dry for 48 h at 30∘C. Table 1
illustrates the sample code and the weight ratio contents
for each sample.

Table 1: Samples code

Sample code S0 S1 S2 S3
Fe3O4 wt.% 0 5 10 15
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3 Results and discussion

3.1 X-ray Diffraction Analysis of Fe3O4

Figure 1 shows the X-ray diffraction pattern of Fe3O4 sam-
ple. The pattern revealed a single-phase crystalline struc-
ture. The phase purity was confirmed from the absence of
unexpected peaks when the diffraction pattern was com-
pared with the corresponding ICCD card No. [00-75-0449]
as shown in the figure. The sample crystallized in the cu-
bic unit cell of space group (Fd-3m). The lattice parameter
(a) was calculated from the cubic symmetry by the simple
relation: a = d(h2 + k2 + l2)1/2 and was found to be 8.3313
Å.

X-ray diffractograms of Fe3O4 showed relatively broad
peaks indicating that the prepared samples crystallized on
the nanometer scale. The crystallite size was calculated,
assuming a spherical shape, with the Scherrer’s formula:
Lhkl = k λ / β cosθ, where Lhkl is the crystallite size, k is
a constant (k = 0.89), λ is the wavelength of the X-ray tar-
get, β is the full width at half maximum (FWHM), and θ is
the angle of diffraction. The calculated crystallite size was
found to be 78 nm, which indicated that the particles were
of nanometer size.

3.2 Electrical Properties (I-V
Characterization)

The I-V characteristic curves of PVA/PANi blend and
PVA/PANi/Fe3O4 nanocompositesweremeasured at differ-
ent temperatures in the range from 30 to 110∘C. Figure 2a
shows the I-V characteristic curves for the blended sample

Figure 1: XRD patterns of Fe3O4 particles.

(PVA/PANi). The blended sample exhibited a much higher
electrical conductivity than that of pure PVA, which is con-
sistent with previous studies [39–41]. A voltage ranging
from −5 to +5 V was applied to the sample for all measure-
ments. The I-V curves showed a degree of asymmetry be-
tween the positive and the negative sides of the applied
voltage. The maximum current at 110∘C was 1 mAwhereas
the lowest current at room temperature was 0.09 mA. The
electrical current increased at higher temperatures, chang-
ing by an order of magnitude over the tested range.

The samples showed an electrical hysteresis during cy-
cling of the voltage (from −5 to +5 V) at the same voltage
steps and constant temperature (see Figure 2b). The hys-
teresis persisted even at high temperature.

(a)

(b)

Figure 2: I-V characteristic curves for PVA/PANi blend sample a) at
different temperatures b) cyclic runs at 30 and 80∘C.
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(a)

(b)

Figure 3: I-V characteristics for PVA/PANi/5 wt.% Fe3O4 blend
nanocomposite a) at different temperatures b) cyclic runs at dif-
ferent temperatures.

Figure 3a and Figure 3b show the I-V curves for the
PVA/PANi/5 wt% Fe3O4 nanocomposite sample and the
cyclic behavior at different temperatures, respectively. The
sample did not show any notable differences in its behav-
ior compared with the PVA/PANi blend sample (Figure 3a).
A hysteresis curve was present at all measuring temper-
atures, as shown in Figure 3b. This behavior can be ex-
plained by the absence of nanoparticles, which might im-
prove the electrical properties of the nanocomposite. Fur-
thermore, a nanoparticle content of 5wt%did not improve
conduction compared with that of the pure sample.

Figure 4 and Figure 5 show the effects of the addition
of high contents of the magnetite nanoparticles (10% and
15%) on the I-V characteristics of the PANi/PVA conductive

(a)

(b)

Figure 4: I-V characteristics of the PANi/PVA/10 wt% Fe3O4 blend
nanocomposites a) at different temperatures b) cyclic run at 70∘C.

blend. During the in situ polymerization process, layers of
the conductive blend formed on the magnetic nanoparti-
cles which increased the homogeneity of the filler distribu-
tion. This capping layer also formed a three-dimensional
network of a conductive blend and reduced the inhomo-
geneous region by reducing the formation of PVA islands
through the bulk of the sample. In thisway, themicrostruc-
ture formed a good pathway for free charge carriers and re-
duced the accumulation of surface charges, which caused
the cyclic I-V curves. For the high-filler content sample,
the interstitial distances were reduced to provide addi-
tional conduction mechanisms, which increased the elec-
trical conductivity. Notably, the flexibility of the samples
(as shown in Figure 6) was maintained even at a 15 wt%
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(a)

(b)

Figure 5: I-V characteristics for PANi/PVA/15 wt% Fe3O4 blend
nanocomposites a) at different temperatures b) cyclic runs at 70
and 90∘C.

Figure 6: Photograph showing the elasticity of the three-phase
conducting polymer nanocomposite.

content of nanoparticles in the polymer blend. Thus, we
achieved a high electrical conductivity while retaining the
mechanical flexibility of samples containing the magnetic
materials.

We observed that the sample containing the high-
est weight percentage of Fe3O4 magnetic nanoparticles
showed the highest current, and therefore the highest elec-
trical conductivity [42]. This sample did not show any elec-
trical hysteresis and the I-V curves were symmetric about
zero voltage.

Figure 7 illustrates the nonlinear behavior during a
complete cycle for the sample loaded with 5 wt.% Fe3O4
and the linear behavior for the 10 wt% and 15 wt% sam-
ples at 100∘C.

We note that increasing the weight ratio of the mag-
netic filler caused the hysteresis to disappear, owing to
the better sample homogeneity and the higher electri-
cal conductivity of the nanocomposite. For the unloaded
PVA/PANi blend sample, the presence of insulating poly-
merdomains (PVA-islands)might have affected the appear-
ance of the I-V hysteresis.

3.3 Thermogravimetric Analysis

Figure 8a illustrates the TGA decomposition curve (N2
atmosphere and 10∘C/min heating rate) for the tem-
perature range from 60 to 500∘C for PVA/PANi blend
and PVA/PANi/Fe3O4 nanocomposite samples. Figure 8b
shows the same curve focused to the range of the decom-
position region (125 to 250∘C). The effect of the Fe3O4 nano-
filler on the thermal stability of the polymer is illustrated
through a change in the decomposition rate (curve trend
or slope) and the apparent shift of the on-set temperature
for the first reaction. Figure 8c illustrates the dependence
of the sample weight loss on the magnetite weight ratio at
different temperatures. This figure illustrates the change
in thermal stability owing to the addition of Fe3O4. For ex-
ample, at 500∘C, the weight loss is 43% lower owing to the
addition of 15 wt% of the magnetic nano-filler.

3.3.1 Thermal stability

Figure 9a and Figure 9b illustrate the TGA decomposition
curve and its 1st derivative for pure PVA and PVA/PANi
blends respectively under a N2 atmosphere at a heating
rate of 10∘C/min. For the PVA/PANi blend, we observed
five decomposition regions in the temperature range from
25 to 500 ∘C, from the DTGA spectrum (Figure 9b). Ther-
mal decomposition of the PVA polymers consisted of three
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(a) (b) (c)

Figure 7: Nonlinear and linear I-V behavior for a) 5 wt% Fe3O4, b) 10 wt% Fe3O4, and c) 15 wt% Fe3O4.

(a) (b)

(c)

Figure 8: TGA curves for polymer blend and their Fe3O4 nanocomposite samples a) from 70 to 500∘C b) from 125 to 250∘C and c) Depen-
dence of weight loss on magnetite weight ratio at different temperatures.
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(a) (b)

(c) (d)

Figure 9: TGA and DTGA curves for a) pure PVA b) PVA/PANi blend, and a comparison of c) TGA and d) DTGA curves for pure PVA and polymer
blend PVA/PANi.

degradation steps (Figure 9a). In the first decomposition
stage of PVA, trapped water molecules were eliminated
(at approximately 120∘C); in the second stage (~330 ∘C)
hydroxyl groups were eliminated. For the third stage (at
approximately 450∘C) a conjugated structure formed from
the product of the second stage and carbonyl groups.

The thermal stability of PANi and its blends and com-
posites depends on the method of synthesis and the type
of dopant/blend [43, 44].

Figure 9-9c and Figure 9d represent a comparison be-
tween the decomposition behavior between pure PVA and
polymer blend PVA/PANi. The thermal stability of the poly-
mer blend (PVA/PANi) is less than that of the pure polymer
(PVA) in the range below 350∘C, but it is more stable in the
range above 350∘C (see Figure 9c for comparison) [45]. At

500∘C was 6% of the sample remained for pure PVA but
40% remained for PVA/PANi conductive polymer blend.
We note that the decomposition curve of the PVA/PANi
polymer blend continued to decrease and did not show
any clear stepwise decomposition except for features in
the range 120–220∘C. As for PVA, the decomposition of
the first stage at 120∘C appeared, whereas the two decom-
position processes for PVA/PANi occurred in the temper-
ature range 130–280∘C, over which PVA showed no no-
table contributions. The features of PVAdehydration ether-
ification, which has a maximum rate of decomposition at
330∘C were almost absent from the conductive blend sam-
ple.

Figure 10a and Figure 10b show the 1st derivative of
the TGA curves (DTGA) of PVA/PANi and the three-phase
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(a) (b)

(c) (d)

Figure 10: a) and b) DTGA curves for PVA/PANi blend and samples loaded with Fe3O4, c) Dependence of the second reaction peak position
(Tp2) on the filler weight ratio, d) TGA and DTGA curves for Fe3O4 nanoparticles.

nanocomposite PVA/PANi/Fe3O4. The DTGA behavior in-
dicated that the thermal stability of the conductive three
phase nanocomposites increased with increasing Fe3O4
ferromagnetic nanoparticle content [46]. The thermal de-
composition behavior of the three-phase nanocomposite
samples depended on the weight ratio of the Fe3O4 mag-
netic nanoparticles.

The effects of Fe3O4 were pronounced over the main
reaction region (50–350∘C), which shifted to higher tem-
perature owing to the addition ofmagnetite. The decompo-
sition process owing to the conjugated structure, formed
from the second stage and carbonyl groups, was not no-
tably affected by the addition of Fe3O4 nanoparticles.

By considering the reaction at Tp2 =170∘C for
PVA/PANi (i.e., the second reaction) as the main reaction
of the conductive blend,we observed a shift of the reaction
peak to higher temperatures as the weight ratio of Fe3O4
increased (Figures 10a and 10b). The distance between
filler nanoparticles decreased as the filler weight ratio in-
creased. At a certain percolation threshold of the filler,
a three-dimensional network formed, which increased
the thermal resistance of the composite. The magnetic
nanoparticles act as dispersive centers for phonons, af-
fecting the heat transfer of the unexposed region of the
sample. This effect delays the decomposition process of
the polymer blend.
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(a) (b)

Figure 11: DTGA curves for PVA/PANi blend (S0) and 5 wt. (S1) and 15 wt% (S3) Fe3O4 loaded samples a) comparison between S0 and S1 b)
comparison between S0 and S3.

Figure 12: DTGA curve for PVA/PANi blend sample, fitting curve
(read) and peak separation (black).

Figure 10c shows the temperature dependence of the
second reaction peak position (Tp2) on the filler weight ra-
tio in addition to exponential fits to the experimental data.
The TGA curve of the Fe3O4 nanoparticles (Figure 10d),
showed that theweight losswas less than 20%up to 600∘C
and a DTGA peak corresponding to the maximum decom-
position rate appeared close to 280∘C, which was absent
in the three phase samples.

Figure 11a and Figure 11b compare S0 against S1 and
S3, respectively. We observed that, the third decomposi-
tion process for S0 (at 254∘C) became a shoulder of both

S1 andS3, whereas the seconddecomposition peak shifted
from 169 to 201∘C for S1 and 211∘C for S3.

3.3.2 Kinetic thermal analysis

Next, we predicted the apparent activation energy based
on kinetic thermal analysis. For this purpose, we compare
only the pure PVA/PANi blend samples with the three-
phase PVA/PANI/Fe3O4 (10 wt.%) sample.

We noted an overlap between the decomposition pro-
cesses, which became progressively more complex in the
case of the PVA/PANi/Fe3O4 magnetic blend nanocom-
posite. To address this problem, we used a mathematical
method to separate the closely overlapping interactions in
Origin Lab 0.8, and then studied the kinetics of the decom-
position of each process separately. This method allowed
us to use high-resolution kinetic analysis by separating
and considering each reaction as a one-step reaction or
1st order reaction. This analysis is a valid comparative ap-
proach to identifying the effects of fillers on the polymer or
polymer blend.

Many models have been used to calculate activa-
tion energy based on kinetic thermal analysis for non-
isothermal decomposition. In the case of model-free meth-
ods for estimating activation energies, we avoid the prob-
lem of identifying a suitable kinetic model for the reaction.
In some cases, we obtained more than one model to be ap-
plied for a single reaction, which may cause conflicting re-
sults. In the case of studying the effect of fillers on the ther-
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(a) (b) (c)

(d) (e) (f)

Figure 13: Conversion rate and its 1st derivative for the a) first reaction, b) second reaction, and c) third reaction, and ln[(dα/dt)/(1 - α)] vs.
1/T relation for the d) first reaction, e) second, reaction and f) third reaction of the PVA/PANi blended sample.

Figure 14: DTGA curve for PVA/PANi/Fe3O4 blend nanocomposite
loaded with 10 wt.% of Fe3O4 sample, fitting curve (pink), and peak
separation (red and blue).

mal behavior of composite/nanocomposite materials, the
model-free approach is a useful short cut.

The differential form of the rate equation can be ex-
pressed in terms of the conversion factor α as:

dα
dt = k(T)f (α) (1)

where k(T) and f(α) are the rate constant and reaction
model function, respectively. The reaction model function
can take several mathematical forms. Each form of f(α) de-
pends on the type of reaction and the physical mechanism
of the reaction. Equation (1) can take the form:

dα
dt = A exp

(︂
−E
RT

)︂
f (α) (2)

where A is the pre-exponential factor, E is the apparent ac-
tivation energy and R is the gas constant. These three pa-
rameters are known as the kinetic triplet, and are used to
describe thermal decomposition analysis for a substance
under examination.

By considering the reaction in our case to be a first or-
der reaction, f(α) = 1 - α and equation (2) can be rewritten
as:

ln (

(︁
dα
dT

)︁
(1 − α) ) =

A
β − Ea

R T (3)

The kinetic triplet components can be determined by plot-
ting ln[(dα/dT)/(1-α)] vs. 1/T .
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(a) (b)

(c) (d)

Figure 15: Conversion rate and its 1st derivative for the a) first reaction and b) second reaction, and ln[(dα/dt)/(1 - α)] vs.1/T relation for the
c) first reaction, and d) second reaction for the PVA/PANi/10 wt.% Fe3O4 nanocomposite.

The iso-conversional method represents the main
principal of the model-free approach. In this method, the
reaction rate is considered to be a function of temperature
only (i.e., α is constant), giving:

(.ln
(︀
dα/dt

)︀
)

dT−1 = d(ln(k(T))dT−1 + df (α)
dT−1 = −EaR (4)

This equation can be used to determine the kinetic triplet
in the case of a single heating rate. This can be performed
by finding the 1st derivative of α with time at the point
where the first derivative of α with temperature is zero.
Hence, equation (4) can be used to predict the Eα without
any information of the reaction model. Note that the basic
assumption of this method is the applicability of Eq. (2) to

the individual extent of conversion for the temperature re-
gion related to this conversion.

Figure 12 shows the DTGA curve for PVA/PANi blend
sample and the main three peaks corresponding to the re-
actions involved between 50 and 300∘C. OriginLab soft-
ware was used to separate the complex overlapped TGA
spectrum into three separate peaks.

The TGA curve corresponding to each separated peak
was found mathematically and its conversion curve was
calculated. Figures 13a–13c shows the conversion curves
and their 1st derivatives for each of the three separated
peaks. Each reaction region was analyzed separately by
the Redfield method for kinetic analysis to determine the
apparent activation energy for each reaction. Figures 13d
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to 13f illustrates the relation between ln[(dα/dt)/(1 - α)]
vs.1/T and the linear fitting for each reaction region. The
activation energies for the three-reaction region were 84.0,
86.6, and 75.3 kJ/mol.

Wang et al. [47] reported on a kinetic analysis of PANi
and PANi/ZrO2. They determined the activation energies
for both samples through Friedman and Ozawa–Flynn–
Wall methods. The activation energy predicted by PANI
was approximately 81.8 kJ/mol. The average activation en-
ergy in our work was 81.3 kJ/mol, which is very close to
that predicted by Wang [47].

For the three-phase nanocomposite sample
(PVA/PANi/Fe3O4) containing 10% Fe3O4, we applied the
same method as described above. Figure 14 shows the
DTGA curve for the 10 wt.% PVA/PANi/Fe3O4 sample in
the temperature range from 50 to 300∘C. This tempera-
ture range included only two reaction peaks. The complex
overlapped peaks separated into two single step peaks
and their corresponding TGA data were calculated. Both
the conversion and its 1st derivative were calculated and
are represented in Figures 15a and 15b, respectively. Fig-
ure 15c and Figure 15d shows the relationship between
ln[(dα/dt)/(1 - α)] vs.1/T and the linear fitting for each re-
action region. The activation energies for the two reaction
regions were 126.8 and 163.9 kJ/mol.

The results for the activation energy indicate that the
magnetite nanoparticles have a pronounced effect on the
thermal state of the composite where the activation en-
ergy nearly doubled. Hence, interactions between themag-
netite nanoparticles and the polymer mixture were cre-
ated. We posit that the connection and formation of poly-
mer blend on the surface of the nanoparticles produced
physical interactions, such as an energy of adhesion. The
resulting granules of material resulted in the surround-
ing polymeric structure behaving as one unit. Magnetite
nanoparticles dispersed phonons and protected the adhe-
sive polymer blendagainst decomposition. Thesenanopar-
ticles also absorbed a large amount of thermal energy, re-
ducing the chance of polymer chains decomposition.

4 Conclusions
We measured I-V characteristic curves, thermal stability,
and kinetic thermal analysis of conducting polymer blend
PVA/PANI and PVA/PANi/Fe3O4 nanocomposites. For the
PVA/PANi conductive blend loaded with 10 wt% and 15
wt% Fe3O4, no electrical hysteresis appeared, whereas
hysteresis appeared in the I-V characteristics of PVA/PANi
and 5 wt% Fe3O4 samples. The addition of magnetite to

the PVA/PANi conducting blendhad anotable effect on the
thermal decomposition curve of the samples. The main re-
action peak of the polymer blend shifted to higher temper-
ature. For a high Fe3O4 content sample, three dimensional
networks formed and contributed to higher thermal resis-
tance of the three-phase nanocomposite. The magnetite
nanoparticles had a notable effect on the thermal state
of the blend nanocomposite where the activation energy
increased to nearly double its original value. Magnetite
nanoparticles dispersed the phonons and protected the
adhesive polymer blend against decomposition. The mag-
netite nanoparticles absorbed a large amount of thermal
energy, reducing the chance of polymer chain decomposi-
tion.
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