Available online at www.sciencedirect.com
SCIENGE@DIREOT® thermOChlmlca
acta

ELSEVIER Thermochimica Acta 441 (2006) 191-194

www.elsevier.com/locate/tca

Synthesis, characterization and thermal analysis of
polyaniline/ZrQ composites

Shaoxu Wan@P, Zhicheng Ta®-?-* Yansheng L?, Lixian Sur?, Tao Zhang§

& Thermochemisty Laboratory, Dalian Institute of Chemical Physics, Chinese Academy of Science, Dalian 116023, PR China
b College of Environmental Scinece and Engineering, Dalian Jiaotong University, Dalian 116028, PR China

Received 31 January 2004; received in revised form 26 May 2005; accepted 27 May 2005

Abstract

Conducting polyaniline—zirconium dioxide (PANI/ZgDcomposites were synthesized by ‘in situ’ deposition technique in the presence
of hydrochloric acid (HCI) as dopant by adding the fine grade powder (average particle size of approximately 20 nnm3) infaZtiae
polymerization reaction mixture of aniline. The composites obtained were characterized by infrared spectra (IR) and X-ray diffraction (XRD)
and thermogravimetric analysis (TGA). TG curves and DTG curves of the composites suggest that the thermal degradation process of
PANI/ZrO, composites proceeds in two-steps and the composites are more thermally stable than that of the pure PANI. The improvement in
the thermal stability for the composites is attributed to the interaction between PANI angvidn@h restricts the thermal motion of PANI
chains and shields the degradation of PANI in the composites.
© 2005 Published by Elsevier B.V.
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1. Introduction works have been reported on the preparation of PANIf#ZrO
composites by ‘in situ’ polymerization.
The conducting polyaniline (PANI) is one of the promis- Knowledge of thermal stability and degradation behaviors

ing conducting polymers due to the following reasons: (i) is useful to modify the polymers for newer application. Sev-
it can be synthesized easily, (ii) it is comparatively stable eral studies have been made on the thermal stability of PANI
in air, (iii) it has high conductivity and (iv) it shows large salts by TGA and DTA8-12]. Two forms of thermal behav-
variety of applications such as in electrochromic devices, iors of polyaniline salts are reported in these literatures. The
light-emitting diodes, chromatography, secondary batteries, one form indicates a two-step weight loss process in which,
electrostatic discharge protection, and corrosion-protecting initially, water escapes from the polymer chains, followed
paint[1]. Nowadays, conducting polymer composites have by thermal degradation of the polymer salts. The other form
received great attention because of their unique propertiesshows a three-step weightloss process wherein water escapes
and promising potential applications in electrical devices first, followed by acid dopant present in the polymer salt, and
[2—-4]. Therefore, the preparation of PANI composites has finally completed degradation of the polymer salts. However,
been the subject of considerable interest recently. Many for the PANI/ZrG, composites prepared by ‘in situ’ polymer-
papers on PANI/inorganic composites such as PANISTIO ization, survey of the literature reveals that thermal stability
PANI/Fe304, and PANI/MNQ have been published in the and degradation behaviors of PANI/Zr@omposites have
literature[5—7]. However, to the best of our knowledge, no not been studied.

In the present work, we report the easy chemical synthesis
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posites obtained were characterized by infrared spectra (IR)3. Results and discussion
and X-ray diffraction (XRD). The thermal stability and degra-
dation behaviors of the composites were studied by thermal3.1. Structure characterization of PANI/ZrO; composite
gravimetric analysis (TGA).
The IR spectra of the pure PANI and PANI/Zr@om-
posite are shown ifrig. 1. The main characteristic peaks of

2. Experimental the pure PANI (Fig. 1a) are assigned as follows: 1489 and
1562 cnr ! are attributed to €C stretching of the benzenoid
2.1. Materials and quinoid rings, respectively, for the HCl doped PANI. The

characteristic absorption band around 1244 tnwhich is
Aniline was obtained from Shengyang Federation Reagentrelated to the €N stretching in bipolaron structure, can be
Factory. Ammonium persulfate ((NhS,Og, APS) was pur- observed13]. These results indicate that the pure PANI is
chased from Tianjing Bodi Chemical Co. whereas hydrochlo- highly doped and exists in conducting emeraldine salt form.
ric acid (HCI) was provided by Haerbin Chemical Reagent The peak at 1299 cmt corresponding to €N stretching
Co. ZrQ, powder, in the form of fine particle (average particle of secondary amine in polymer main chain can be clearly
size of approximately 20 nm) was obtained by Nanjing High seen. The existence of absorption band at 1122'chas
Technology Nano-Co. Ltd. All the chemical and reagents been interpreted as origination from plane bending vibration
were used as received without further purification. of C—H, which is formed in the structure of-BN*H—ClI,
Q=N*H-Cl and N=Q=N during the protonation of HCI-
doped PANI[14]. For PANI/ZrQ, composite (Fig. 1b), its
IR spectrum is almost identical to that of the pure PANI. But
all bands shift slightly, which indicates that some interaction
exists between PANI and nano-ZrO
Fig. 2 shows the X-ray diffraction patterns of the pure

PANI, PANI/ZrO, composite as well as Zrfhanoparticles.
The pure PANI powders (Fig. 2a) exhibit two broad peaks at
20 angles around 20and 26, which indicates the PANI has
crystallinity to a certain extent. These peaks may be assigned
to the scattering from PANI chains at interplanar spacing

2.2. Synthesis of PANI/ZrO; composites

The PANI/Zr& composites were synthesized by ‘in
situ’ polymerization in the presence of Zg@anoparticles
and HCI as the dopant. A typical preparation process for
PANI/ZrO, composites was as follows: 1.6 ml aniline was
injected to the dispersion of 50ml of 2M HCI contain-
ing ZrO, nanoparticles under ultrasonic action to reduce
the aggregation of Zr@nanoparticles. After 30 min, 4.56 g

APS (dissolved in 50 ml de-ionized water) was dropped into h icles is i di
the above dispersion with constant stirring. The resulting [15]. When ZrG nanoparticles is incorporated into PANI,

mixture was allowed to react for 10h at room tempera- the broad diffraction peaks of the PANI become very weak.

ture. The precipitated powder was filtered and washed with Therefore, diffraction pat_tern of the_composite (Fig. 2) is
HCI and de-ionized water to remove the unreacted aniline the Same as nano-ZpdFig. 2¢), which means that P’.A‘NI
monomer and by-products. The product was dried in vac- dgposned on the surface of Zg@as no effect on crystalliza-
uum at 60°C for 24 h. For each experiment, the molar ratios tion performance of nano-Ze0

of aniline to HCI and to APS for either the pure PANI
or PANI/ZrO, composites were retained at 1:0.5 and 1:1,
respectively.

2.3. Characterization

Bruck Equinox 55 spectrophotometer was used to deter-
mine the infrared (IR) absorption spectra of the pure
PANI and PANI/Zr&Q composites in the wavelength range
4000-400cm?. The X-ray scattering patterns of Zs@or
the pure PANI and PANI/Zr@composites were recorded on
an X-ray diffraction instrument (Rigaku Miniflex).
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2.4. Thermal analysis

A thermogravimetric analyzer (Model: setsys 16/18,
SETARAM France) was used for TG measurements of the
samples from 30 to 90Q in air at the heating rate of

10°C/min. The weight of the sample used was 6.0mg in Fig 1. IR spectra of the pure PANI (a) and PANI/Zr@mposite (73.7/26.3
all cases. (wiw)) (b).
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Fig. 2. X-ray scattering patterns for the pure PANI (a), PANI/ZdOompos-
ite (73.7/26.3 (w/w)) (b) and Zr@nanopatrticles (c).

3.2. Thermal analysis of PANI/ZrO; composite

The composition of PANI/Zr@ composites can be ana-
lyzed from TGA.Fig. 3shows the thermogravimetric curves
(TG curves) and corresponding derivative curves (DTG
curves) for a Zr@, a pure PANI and a PANI/Zr©@compos-
ite containing the amount of ZeJ47.0 wt.%). TG curve of
the PANI/ZrQ, composite reveals a total loss of ca. 68.5%
at ca. 560C, which remained constant till 90C. In con-
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Fig. 4. DTG curves of pure PANI and PANI/ZgQcomposite (53.0/47.0
(w/w)). The curves represent the magnification of the DTG curves (inset)
shown inFig. 3.

InFig. 3, Zr& shows one-step weight loss in the tempera-
ture ranges 30—90, which is due to probable loss of water
and volatile impurities. In general, the TG curve of the pure
PANI shows two-step weight loss process. The first-step indi-
cates a 8-9% weight loss at temperatures up toC2T his
step can be attributed to the expulsion of water molecule and
the dopant (HCI) form PANI chains. The second-step weight
loss occurs between 315 and 6&) which is due to the
degradation of PANI chains. The interesting observation is
that the DTG curve (inset) of the pure PANI corresponding

trast, the pure PANI shows a weight loss of ca. 97.9% while to the second-step weight loss of the TG curve, show two

ZrOs reveals only a partial loss of volatile impurities of about

minima rather than one minimum. The first minimum is due

13.4% in the same temperature range. In the light of the to the loss of low molecular weight polymer while the second

reasoning put forward by Armes et §L.6] for PANI/SIO,

minimum is the result of the degradation of high molecular

system, these data implied that the polymer content per gramweight polymer. The trend of degradation of the composite

of the composite is (68.513.4—2.1)%=53.0% and the
ZrO content is (106- 53.0)% =47.0%.
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Fig. 3. TG curves and DTG curves (inset) of a Zr@ pure PANI and a
PANI/ZrO, composite (53.0/47.0 (w/w)).

is similar to that of the pure PANI and also shows two-step
weight loss process. In order to carefully compare the ther-
mal behavior of the composite with that of the pure PANI, the
DTG curves shown inthe inset Bfg. 3are enlarged ifrig. 4.
Note that the temperature of pure PANI at the minimum of
the DTG curve () is at 467.9C, but the minimum temper-
ature in the case of the PANI/Zg@omposite is significantly
shifted to a higher temperature by about°81 This result
suggests that the composite system is more thermally stable
than the pure PANI, which would be explained by the fact
that a strong interaction between PANI and Zr@stricts
thermal motion of the PANI in the composite and enhances
thermal stability of the composite.

Fig. 5shows the TG curves and corresponding DTG curves
of PANI/ZrO, composites as a function of Zg@ontent. As
the amount of Zr@ content is increased, the total weight
loss of the composite decreases (Fig. 5a). It is noticed from
the DTG curves thdf), represented by an arrow kig. 5b,
moves to a lower temperature with increase of the 2ZrO
content in the composites. For the case of PANI/ZoOm-
posites, the relative shift dfj with respect to thg; for the
pure PANI (AT = (Ti,composites— 467.9)/467.9) was mea-
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Fig. 5. (a) TG curves and (b) DTG curves of PANI/Zr@omposites with

different amounts of Zr@as a function of temperature.
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Fig. 6. Relative temperature shift (4f PANI/ZrO, composites as a func-

tion of ZrO, content in the composites.
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sured as a function of ZrOcontent and is shown iRig. 6.

As the ZrQ content in the composite is increased, the rela-
tive shift of 7} sharply decreases and eventually approaches
nearly zero, as indicated in the figure. The reason would be
explained as follows: As the ZgZontent in the composite is
increased, the interaction between Zt&hd PANI gradually
weakened, which leads to the free PANI chains coexist in the
PANI/ZrO, composites. Thus, the thermal decomposition of
this system can occur in both confined and free states at the
same time. However, the contribution from the free PANI
chains may be more significant for thermal decomposition
because these chains in the composites are more exposed to
the heating when compared with the PANI chains interacted
with ZrOs,. So the relative shift of; sharply decreases.

4. Conclusions

The following conclusions can be drawn form the present
investigation

1. We successfully synthesize polyaniline (PANI) com-
posites containing Zr@nanoparticles (about 20nm in
diameter) by ‘in situ’ polymerization in the presence of
hydrochloric acid (HCI) as the dopant.

2. IR spectra and XRD pattern indicate that some interaction
exists between PANI and nano-ZrO

3. The PANI/ZrGQ composites are found to be more ther-
mally stable than that of the pure PANI. This enhanced
thermal stability of the composites is ascribed to the inter-
action between PANI and nano-Z5O
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