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Abstract—Carbon dioxide (CO,) sensing using polyaniline
(PANI)/ cerium oxide (CeQ) composites has been studied in the
present work. The composites prepared by insitu pgmerization
with 10,20,30,40 and 50 wt% of Ce® in polyaniline were
characterized by FTIR, X-ray diffraction (XRD) and scanning
electron microscopy (SEM) for confirmation of presace of CeQ
in polyaniline matrix and the formation of the compositesOn
exposure of the composites to CQ change in resistance was
observed with the increase in gas concentration. Manum
variation of resistance was observed in compositef 0 50wt%
CeG, in polyaniline and maximum sensitivity for gas sesing was
observed in the composite of 20wt% Ce©in polyaniline.
Index Terms—Polyaniline, Cerium oxide, Composites,
sensing.

Co

I. INTRODUCTION

Conducting polymers such as Polyaniline, Polypgrand
Polythiophene etc. are finding potential applicasioin
fabrication of solid state devices and chemicakees Among
these polymers, polyaniline has gained wide sprea
importance because of its environmental stabiligggod
electrical conductivity and ease of synthesis [LTli%
conductivity ofpolyaniline can be greatly alteredy b
electrochemical redox, reversible acid/base dopiugd
dedoping [13-14]. PANi exhibits gas sensing feauatroom
temperature and hence is an attractive prospecttter
development of a variety of gas sensors [15-17|uBeoxide

is a n-type semiconductor and its sensing behderovarious
gases has been studied [18-20]. Its resistanceaksss under
the effect of reducing gases and increases unéeeffact of
oxidizinggases .However, the metal oxide sensoratps at
higher temperature which results in
consumption, reduced sensor life and limited pdlitab
Nowadays attention is being given in synthesizimgpw class
of materials, known as conducting polymer compssildese
composites are prepared by mixing suitably the miogand
inorganic basematerials in proper form. These caitpo
materials have fewdesirable properties from both pharent
organic and inorganicclass of materi@§-—23]In the present

increased powe
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reagent-grade Ammonium persulfate , Hydrochlorid aand
Cerium oxide (CeO2) were used for synthesis. Doubly
distilled monomer aniline (0.1mol)was dissolved 1 HCI
to obtain aniline solution. Cerium oxide was addedthis
aniline solution with vigorous stirring to keep @en
oxidesuspended in the solution.With continuousisgrat O—
5°C, 0.1M Ammonium persulfate,which acted as thilant,
was added to this reactionmixture slowly. Stirrfgreaction
mixture was carried out for 24 hours. The polymerposite
in the form of greenish-black precipitate wasrecedeby
vacuum filtration and washed with deionizedwatetheT
precipitate was dried in oven for 24 hours to aohie
constant weight,. In this way, polyaniline — Ceraxitde
composites with 5 different wt % of Ce@LO0, 20,30, 40, 50)
in polyaniline were synthesized. The test samples
wereprepared in the pellet form (10 mm diameter and
thicknessvarying up to 2 mm) by applying pressudrgédoTons
in aUniversal testing machine. The pellets were tema
withsilver paste on either side. X-ray diffractistudies were
erformed by using Philips X-ray diffractometer w@u K,as
the radiation source.The FTIR spectra of the sasnplere
recorded on a JASCO FT/IR 5300 spectrophotomet&Bn
medium. The morphology of the composites in thenfaf
pellets was investigated using Philips XL 30 ESEMming
electron microscope (SEM).For G@ensing.Thepellets were
kept in the gas sensing chamber. Using a reguatdra flow
meter, CQ is allowed to enter the gas sensing chamber at a
constant rate of 20 ml/min. The variation in remiste of the
composite pellets with increase in gas concentrati®
recorded at a regular interval of 20 seconds usingigh
?ccuracy dot-tech meter.

[ll. RESULTSAND DISCUSSIONS

A. FTIR Spectra

FTIR spectra of pure aniline and PANi/CeO
composite witl20 wt % of CeQ@in PANi are shown in figure
1(a) and 1(b) respectively.The prominent peaks thia

paper, we are reporting the CO2 sensing behavior dtbserved in polyaniline/CeQcomposite are 2918 ch1556

polyaniline /CeQ@ composites.

Il. EXPERIMENTAL

Synthesis of polyaniline — Cerium oxide compositeas
carried out by insitu polymerization technique. Amiaal

cm’, 1471 cnit, 1298 cnif, 1234cn,1107cnt, 790 cni, 690
cm?, 617 cni,and 499 crl.By careful observation of FTIR,
the characteristic stretching frequencies in PA&liar
considerably shifted to lower wave numbers in PA&NID;
composite. The data suggests that, there is a Vavalks kind

of interaction between the polymer chain and £eO
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Figure 1 (a) FTIR Spectra of pure polyaniline FO)R Spectra of PANI / CeComposite
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Fig.2 X-ray diffraction pattern of (a) pure PANIi)(BO wt % of Ce@in polyaniline
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B. X - RAY DIFFRACTION

X-ray diffraction pattern of Polyaniline is shown i of polyanilineis smooth and homogeneous. Since
figure 2(a). The pattern shows a broad peak ceamtereund Hydrochloric acid is used as protonic acid in tmeparation
20= 26’suggesting semi-crystalline nature of Polyanilife.  of polyaniline, the presence of microcrystallineusture can
ray diffraction pattern of Polyaniline — Ce@omposite with be seen which is not homogeneously distributedutjinout.
20 wt % of CeQ@ in polyaniline is shown in figure 2(b).The The presence of microcrystalline structures in goine in
prominent peaks corresponding 2 28.58°, 33.51°% 47.55 these particular samples can be confirmed from XRidlies.
% 56.4° are due to (111), (200), (220), (311) planes obCe The SEM micrograph of CeQs as shown in figure 3(b).The
(JCPDS No. 34-0394). The cubicpeaks of ¢a@icates the SEM micrograph of polyaniline — Cg@omposite with 20 wt
crystalline nature of the composite. By comparihg XRD % of CeQ in polyaniline is shown in figure 3(c). High
patterns of the composite and Ge®is confirmed that Ce) magnification SEM image reveals the presence of LeO
has retained its structure even though it is degmbin PANI  particles uniformly distributed throughout the carsjte

during polymerization reaction. sample. A small variation in the particle dimensiaf CeQ
so dispersed in polyaniline has been observed. flsdlar
C. SCANNING ELECTRON MICROGRAPHS morphology is observed in the composite.

Scanning electron micrograph of synthesizes
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Fig. 3 SEM micrograph of (a) CeO(b) purepolyaniline (c) PANi/Ce@omposite with 20 wt% of Cen PANi

IV. SENSOR STUDIES polymer returns to original size, restoring the dwcting
paths.

The change in resistance in pure PANi and PANi/CeO CeQ, is intrinsically n type semi conducting
composites when exposed to £© shown in figure 4(a). material. The possible mechanism of detection ofbaor
Among all the composites, 50wt % of Cei® PANi exhibited dioxide gas by CeQis based on surface reactions. The
maximum change in resistance. The sensitivity oNPAnd  adsorption of atmospheric oxygen atoms on the semi
PANi/CeQ, composites for C@sensing is shown in figure conductor surface and at grain boundaries of pgéyalline
4(b).Maximum sensitivity is observed in composit€0 wt%  semiconductor traps the free electrons and cresiesectrical

of CeQ in polyaniline. double layer which acts as scattering centers éodacting
The variation in the resistance of the composite®lectrons. When adsorbed oxygen atoms react withg&)
could be due the following reasons. the barrier height is increased resulting in insesaof

The CQ molecules induced and trapped into polymerresistance . The overall conduction in a sensomefg is
matrix might cause it to swell leading to the dion of determined by the surface reactions, the resulthgrge
conducting paths through the composites. This tesil  transfer processes with the underlying semi corndgct
increased resistance of composites. After remof/glas, the material and the transport mechanism through thesise

material and morphology of sensing layer [24].
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Figure 4 (a) Variation of resistance with gas comiaion (b) sensitivity for C@gas

Both the mechanisms mentioned above are responfaible
variation of resistance in PANi/Cg@omposites

V. CONCLUSIONS

Polyaniline-Cerium oxide (PANi/Cefp composites

of various weight percentages (10, 20, 30, 40, B@)wwere
synthesized by insitu polymerization method. Reétentof
CeQ in polymer matrix was revealed in X-ray diffragtio
studies. Formation of PANi/CeQomposites was confirmed
from FTIR studies. Uniform distribution of Ce(particles
throughout the composite sample was revealed bivl. SEh
exposure to C@ change in resistance was observed in all the conducting polymers'Faraday Discuss. J. Chem. Soc. 1989, 88, 317.
composites with increase in gas concentration. Mar
sensitivity for gas sensing was observed in the poxsite of
20 wt% CeO2 in polyaniline.
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