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Polypyrrole-poly(viny1 alcohol) (PPy-PVA) and polypyrrole-carboxymethyl 

cellulose (PPy-CMC) conducting polymer composite films were electrochemically 

prepared on Indium Tin Oxide (ITO) glass electrode from an aqueous solution 

containing pyrrole monomer, p-toluene sulfonate dopant and poly(viny1 

alcohol)/carboxymethyl cellulose insulating polymer. The PPy-PVA and PPy- 

CMC composite films prepared from different process conditions were 

characterized by Fourier Transform infrared (FT-IR) spectroscopy, X-ray 

diffraction (XRD) analysis, optical microscopy, dynamic mechanical analysis 

(DMA), and conductivity measurement. The highest conductivity of 64 Slcm 

measured at room temperature was shown by PPy-PVA composite film prepared 

fiom 0.2 M pyrrole, 0.1 M p-toluene sulfonate and 12 x lo4 M PVA at 1.2 volt (vs 



SCE) among all the PPY-PVA composite films produced. The PPy-CMC 

composite film prepared from 0.3 M pyrrole, 0.1 M p-toluene sulfonate and 0.03 M 

CMC at 1.2 volt (vs SCE) showed the highest conductivity of 38 Slcm among all 

the PPy-CMC composite films produced. The FT-IR study of PPy-PVA and PPy- 

CMC composite films shows the evidence of the incorporation of PVA and CMC 

in PPy structure forming PPy-PVA and PPy-CMC composite films, respectively. 

The conductivity data of PPy-PVA shows that with the increase in PVA 

concentration in the pyrrole solution, the conductivity of the prepared PPy-PVA 

film is increasing up to certain level due to the increase in conjugation length and 

later it is decreasing with further increase in PVA concentration, which is again 

linked with the conjugation length decrease. This is supported by the FT-IR band 

intensity of Ic=c/Ic-N. The FT-IR study of PPy-CMC composite films shows that 

with the increase in CMC concentration from 0.005 M to 0.01 M, the conductivity 

first decreased and later with further increase in CMC concentration the 

conductivity showed an increasing trend and finally at 0.04 M CMC, the 

conductivity dropped. 

The DMA results of PPy-PVA and PPy-CMC composite films show the enhanced 

mechanical properties of both the composite films over PPy films without PVA or 

CMC. The storage moduli of both the composite films were found much higher 

than the PPy film prepared without PVA or CMC indicating that PPy-PVA and 

PPy-CMC composite films are much stiffer than PPy films. The gradual decrease 

of storage moduli of both the composite films with the increase in temperature 



ranging from 25 "C to 250 "C suggests that the composite films have got flexibility 

in their chains and thus the chains are soft. On the other hand, the storage modulus 

of PPy film only without PVA or CMC shows no decreasing tendency with the 

increase in temperature ranging from 25 "C to 250 "C indicating that the PPy film is 

very hard and have got no flexibility in its backbone chain. 

The XRD results of both PPy-CMC and PPy-PVA composite films show that the 

films are amorphous and have got very little order. The optical micrographs of 

PPy-CMC and PPy-PVA show the globular surface morphology. The changes in 

globular surface morphology with the change in process condition of the film 

preparation indicates that the process parameters used to prepare the composite 

films have got a good influence over the surface morphology. The intense 

polymerization reaction has been evidenced from the surface morphology of the 

films. 

The results of electromagnetic interference (EMI) shielding effectiveness in the 

microwave range of 8-12 GHz show that the highest shielding effectiveness of 

45.67 dB measured in the microwave range of 8-12 GHz corresponds to the total 

attenuation of 99.4 % of microwave energy has been exhibited by the Pe-PVA 

composite film prepared from 0.2 M pyrrole, 0.1 M p-toluene sulfonate and 12 x 

10" M PVA at 1.2 volt (vs SCE) among all the PPy-PVA composite films 

prepared. The highest shielding effectiveness of 35.7 dB measured in the 

microwave range corresponds to the total attenuation of 98.32 % of microwave 

energy has been exhibited by the PPy-CMC composite film prepared fiom 0.3 M 



pyrrole, 0.1 M p-toluene sulfonate and 0.03 M CMC at 1.2 volt (vs SCE) among all 

the PPy-CMC composite films prepared. Thus, the promise of finding any 

electromagnetic interference (EMI) shielding applications in the microwave 

frequency range lies in PPy-PVA and PPy-CMC conducting polymer composite 

films. 
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Filem komposit polimer pengalir bagi pasangan polipirol-poli(vini1 alkohol) dan 

polipirol-karboksimetil selulosa telah disediakan melalui kaedah elektrokimia di 

atas elektrod kaca Indium Stanum Oksida (ITO) daripada larutan akueus yang 

mengandungi monomer pirol, dopan p-toluena sulfonat dan sebatian polimer 

selulosa penebat poli(vini1 alkohol)/karbosimeti1 selulosa. Filem komposit bagi 

PPy-PVA dan PPy-CMC telah disediakan melalui keadaan proses yang berlainan 

dan langkah pencirian telah dilakukan melalui penyerapan infra merah (FT-IR), 

pengimbasan analisis sinar-X, mikroskopi optikal, analisis mekanikal dinamik 

(DMA) dan penentukuran kekonduksian. Filem komposit PPy-PVA memberi nilai 

konduktiviti tertinggi iaitu 64 Slcm berbanding dengan yang lain. Filem tersebut 

disediakan daripada larutan pirol 0.2 M, 0.1 M p-toluena sulfonat dan 12 x lo4 M 

PVA pada keupayaan 1.2 v (melawan SCE). Sebaliknya, filem komposit PPy-CMC 
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yang disediakan dengan 0.3 M pirol, 0.1 M p-toluena sulfonat dan 0.03 M CMC 

pada keupayaan 1.2 v (melawan SCE) menunjukkan nilai kekonduksian tertinggi 

38 Slcm berbanding dengan yang lain. Kajian FT-IR ke atas filem komposit PPy- 

PVA dan PPy-CMC nyata menunjukkan kemasukan PVA dan CMC ke dalam 

struktur PPy berkaitan dengan pembentukan filem komposit PPy-PVA and PPy- 

CMC masing-masing. 

Data kekonduksian, PPy-PVA menunjukkan dengan penambahan kepekatan PVA 

dalam larutan pirol, kekonduksian filem PPy-PVA turut bertambah ke satu paras 

tertentu disebabkan penambahan panjang konjugatan dan nilai kekonduksian 

berkurangan dengan penambahan PVA berlebihan iaitu berkaitan langsung dengan 

panjang konjugatan yang berkurangan. Keadaan ini disokong oleh nisbah keamatan 

jalur FT-IR ikatan Ic=c/Ic-N. Menurut kajian FT-IR bagi filem komposit 

menunjukkan bacaan kekonduksiannya berkurangan dengan penambahan 

kepekatan CMC dari 0.005 M ke 0.01 M. Dengan penambahan kepekatan CMC 

yang berlebihan, kekonduksian semakin bertambah sehingga mencapai 0.04 M dan 

seterusnya berkurang. 

Keputusan DMA berkaitan dengan filem-filem komposit PPy-PVA dan PPy-CMC 

menunjukkan sifat mekanikal yang lebih baik berbanding dengan filem-filem tanpa 

komposisi PVA mahupun CMC. Moduli "pulih" bagi kedua-dua jenis filem 

komposit didapati jauh lebih tinggi sekiranya dibandingkan dengan filem PPy yang 

disediakan tanpa PVA dan CMC. Ini jelas menunjukkan bahawa filem-filem 

komposit PPy-PVA dan PPy-CMC adalah jauh lebih kental atau kuat berbanding 



dengan filem-filem PPy. Nilai moduli "pulih" berkurangan secara beransur-ansur 

dengan kenaikan suhu dari 25 "C ke 250 "C bagi kedua-dua jenis komposit 

mencadangkan bahawa rantai filem komposit tersebut memiliki sifat fleksibiliti dan 

ini menyebabkan rantai tersebut lembut. Sebaliknya, nilai modulus "pulih" bagi 

filem PPy tanpa komposisi PVA atau CMC tidak menunjukkan sifat 

kecenderungan kekurangan dengan kenaikan suhu dari 25 "C ke 250 "C 

menunjukan sifat keras dan tidak fleksibiliti pada pembentukan rantai utama ikatan. 

Keputusan XRD menunjukkan bahawa kedua-dua filem komposit PPy-CMC dan 

PPy-PVA adalah bersifat amofis  dan mempunyai sedikit sifat ketertiban. 

Mikrografi optikal PPy-CMC dan PPy-PVA menunjukkan sifat morfologi 

permukaannya yang berbentuk sfera. Perubahan keadaan penyediaan turut 

mengubah morfologi permukaan sfera jelas menunjukkan bahawa parameter proses 

kajian yang digunakan mempunyai kesan untuk mempengaruhi sifat 

permukaannya. Jelasnya, tindak balas pempolimeran telah mempengaruhi 

morfologi permukaan filem-filem tersebut. 

Interferen keelektromagnetan lindungan berkesan (EMI) pada julat 

mikrogelombang 8-12 GHz menunjukkan nilai pelindungan berkesan tertinggi 

pada 45.67 dB telah dihasilkan oleh filem komposit menerusi 0.2 pirol, 0.1 M p- 

toluena sulfonat dan 12 x lo4 M PVA pada keupayaan 1.2 volt (melawan SCE) 

berbanding filem-filem komposit PPy-PVA yang disediakan. Nilai tertinggi bagi 

pelindungan berkesan (EMI) 35.7 dB ukuran pada julat mikrogelombang telah 

dihasilkan oleh filem komposit PPy-CMC yang disediakan daripada 0.3 M pirol, 



0.1 M p-toluena sulfonat and 0.03 M CMC pada keupayaan 1.2 volt (melawan 

SCE) berbanding filem komposit PPy-CMC lain yang disediakan. Maka, 

sebarangan aplikasi interferen keelektromagnetan lindungan berkesan boleh 

ditemui dalam julat frekuensi mikrogelombang filem-filem polimer komposit 

berkonduksian jenis PPy-PVA dan PPy-CMC. 
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film and (b) PPy-PVA composite film 

Optical micrographs of the electrode side of (a) PPy film 
without PVA and (b) PPY-PVA composite film 

The optical micrographs of the solution side of PPy-PVA 
composite films produced from using (a) 0.1 M, (b) 0.2 M, 
(c) 0.3 M and (d) 0.4 Mpyrrole 

The optical micrographs of the electrode side of PPy-PVA 
composite films produced from using (a) 0.1 My (b) 0.2 My 
(c) 0.3 M and (d) 0.4 M pyrrole 

The optical micrographs of the solution side of PPy-PVA 
composite films prepared from using (a) 0.05 M, (b) 0.2 M 
and (c) 0.3 Mp-toluene sulfonate 

The optical micrographs of the electrode side of PPy-PVA 
composite films prepared from using a) 0.05 M, b) 0.2 M 
and c) 0.3 Mp-toluene sulfonate dopant 
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The optical micrographs of the solution side of PPy-PVA 
composite films prepared from using a) 0.8 volt (vs SCE) 
and b) 1.5 volt (vs SCE) 

Optical micrographs of the electrode side of PPy-PVA 
composite films prepared from using a) 0.8 volt (vs SCE) 
and b) 1.5 volt (vs SCE) 

The change of storage modulus (E') with the increase in 
temperature for PPy-PVA film produced from using 3 x 
lo4 M PVA 

The change of storage modulus (E') with the increase in 
temperature for PPy-PVA film produced from using 6 x 
1 o4 M PVA 

The change of storage modulus (E') with the increase in 
temperature for PPy-PVA film produced from using 9 x 
1 o4 M PVA 

The change of storage modulus (E') with the increase in 
temperature for PPy-PVA film produced from using 12 x 
1 0" M PVA 

The change of storage modulus (E') with the increase in 
temperature for PPy-PVA film produced from using 15 
x104 M PVA 

The change of storage modulus (E') with the increase in 
temperature for PPy-PVA film produced from using 18 x 
1 o4 M PVA 

The change in storage modulus (E') with the increase in 
temperature for PPy-PVA film produced from using A) 3 x 
1 0 " ~ , ~ ) 6 x 1 0 ~ ~ , ~ ) 9 x 1 0 " ~ , ~ ) 1 2 x 1 0 ~ ~ , ~ )  15 
x 1 0 " ~ a n d ~ )  18 x ~ O ~ M P V A  

Storage moduli (E') of A) PPy film and B) PPY-PVA 
composite film against temperatur 

Temperature dependence of tan 6 for PPy-PVA film 
produced from using 3 x lo4 M PVA 

Temperature dependence of tan 6 for PPy-PVA film 
produced from using 6 x lo4 M PVA 

Temperature dependence of tan 6 for PPy-PVA film 
produced from using 9 x lo4 M PVA 


