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Abstract: A novel hybrid material based on Polyvinyl alcohol-Chitosan (PVA-Cs) was made, rein-

forced with conductive polymer fillers such as polypyrrole (PPy), Poly(3,4-ethylenedioxythio-

phene)-poly(styrenesulfonate) (PEDOT:PSS), carbon black (CB) and multi-wall carbon nanotubes 

(MW CNT). Our proposal is to use these fillers, which have not been studied in this context before, 

for obtaining composite materials, and to characterize them for the development of applications in 

microelectronics. FTIR analysis made evident the different functional groups present in the matrix 

and the fillers used. The use of quaternary mixtures (4 fillers) increased the contact angle, which 

increased the degree of hydrophobicity of the biocomposite. The Nyquist diagram of the analyzed 

samples showed a decrease in resistance and energy diffusion; the latter due to the transfer of elec-

trons caused by the conductive polymers CB and the MWCNT. In the mechanical tension tests, 

Young's modulus values of 18.386 MPa were obtained, in contrast with the material matrix of PVA-

Cs, which showed values of 11.628 MPa. Furthermore, morphological analysis by SEM showed that 

the materials obtained were homogeneous, with no phase formation. The materials obtained 

showed higher electrical conductivity in the presence of the OH and NH2 groups, which could have 

possible applications in biopolymer electrodes.   
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1. Introduction 

There has been an increasing interest in recent years in the development of films 

based on conductive polymers due to the inherent properties of these materials [1-3]. Pol-

yvinyl alcohol (PVA) is a material with good structural properties but poor mechanical 

properties. That is why it is frequently reinforced with chitosan (Cs), which, in addition 

to improving the mechanical properties of the material, has amino (-NH2) groups, which 

makes its charge more positive [3-9]. Recent discoveries associated with conductive poly-

mers have generated great interest recently. One of the most outstanding polymers is the 

derivative of Poly (3,4-ethylenedioxythiophene) -poly (styrenesulfonate) (PEDOT:PSS); its 

excellent thermal and electrochemical stability makes it a versatile polymer that can be 
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used in supercapacitors, solar cells and sensors [10-17]. Besides PEDOT:PSS, there are 

other conductive polymers of great importance, such as polypyrrole (PPy), which has 

been widely studied due to its good mechanical and electrical properties and has been 

used as a coating for corrosion protection [15-16]. Multi-wall carbon nanotubes 

(MWCNT), which have very good mechanical properties compared to conventional ma-

terials, have been used recently in the manufacture of composite materials due to their 

low cost [19-20]. Carbon black (CB), another conductive polymer, has properties that 

change the mechanical, electrical, thermal, and optical characteristics of the materials over 

which it is dispersed; in addition, these materials benefit from the unique properties of 

CB, acquiring UV protection, electrical conductivity, opacity and mechanical reinforce-

ment [21-22]. The present work aims to obtain and characterize composite films (not re-

ported) based on a matrix of Polyvinyl alcohol-Chitosan (PVA-Chi) reinforced with fillers 

of conductive polymers such as polypyrrole (PPy), poly(3,4 ethylenedioxythiophene) or 

PEDOT, carbon black (CB) and multi-wall carbon nanotubes (MWCNT). The hypothesis 

is based on the compatibility of the PVA-Cs matrix with the conductive fillers and the 

synergetic properties that could arise from the interaction between them. 

2. Materials and Methods 

2.1 Materials  

 

Polyvinyl Alcohol (PVA), ALDRICH, CAS:9002-89-5, average Mw 8500-124000, 87-

89% hydrolyzed. Chitosan (Cs), ALDRICH, CAS: 9012-89-5, medium molecular weight. 

Polypyrrole (PPy), ALDRICH, CAS:30604-81-0, conductivity 10-50 S/cm. Poly(3,4-eth-

ylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS), ALDRICH, CAS:155090-83-

8, 3.0-4.0% of H2O, high degree of conductivity. Multi-wall carbon nanotubes (MWCNT), 

ALDRICH, CAS:308068-56-6, >90% carbon-based D x L 110 -170 nm x 5.9 μm. Carbon 

black (CB), MEYER, CAS:1333-86-41 with a superficial area of 85 m2/g and 5% moisture. 

Acetic acid, ALDRICH, CAS:64-19-7. 

 

2.1 Methods   

 

Preparation of the PVA-Cs matrix solution: Two grams of PVA were mixed with 20 

mL of distilled water. The solution was kept under magnetic stirring at a temperature of 

75 °C for 25 min until homogenization; 3 mL of Cs solution were then added to this solu-

tion. The Cs solution was prepared by mixing 3 g of Cs with a previously prepared solu-

tion of 100 mL of acetic acid and distilled water (2% v/v) that was subjected to sonication 

(ultrasonic homogenization) for 20 h.   

PPy filler dispersion: To achieve a good dispersion of PPy particles in the matrix, PPy 

was added in three concentrations (0.1, 0.2 and 0.3g) to 3 mL of concentrated acetic acid 

and sonicated for 4 h (ultrasonic homogenization). After sonication, it was incorporated 

into the PVA-Cs solution by magnetic stirring for 10 min at room temperature. 

CB filler dispersion: Carbon black was added in 2 concentrations (0.1 and 0.2 g), son-

icating for 3 h to disperse the particles in the PVA-Cs solution. 

PEDOT:PSS and MWCNT dispersion: The PEDOT:PSS and MWCNT fillers were 

added in two concentrations (0.1g and 0.2g in both cases) and incorporated into the PVA-

Cs solution by magnetic stirring at a temperature of 40 °C. In addition to these conductive 

polymers, 0.5 mL of Glycerol was also added to all the samples to act as a plasticizer. The 

films composed of PVA-Cs with PPy and the fillers (PEDOT:PSS/MWCNT/CB) were 

made by casting process on a 6 cm diameter petri dish. The samples were allowed to dry 

at room temperature for 72 h. Table 1 shows the working matrix used for obtaining the 

composite films.  
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Table 1.   Working Matrix 

Sample 
PVA-Cs 

(mL) 
PPy (g) 

PEDOT:PSS 

(g) 

MWCNT 

(g) 
CB (g) 

B1 28 - - - - 

B2 28 0.1 - - - 

B3 28 0.2 - - - 

B4 28 0.3 - - - 

B5 28 - 0.1 - - 

B6 28 - 0.2 - - 

B7 28 - - 0.1 - 

B8 28 - - 0.2 - 

B9 28 - - - 0.1 

B10 28 - - - 0.2 

B11 28 0.1 0.1 0.1 0.1 

B12 28 0.1 0.2 0.2 0.2 

B13 28 0.2 0.1 0.1 0.1 

B14 28 0.2 0.2 0.2 0.2 

B15 28 0.3 0.1 0.1 0.1 

B16 28 0.3 0.2 0.2 0.2 

 

2.2 Characterization 

Mechanical Evaluation The tensile strength of the materials was evaluated using an 

INSTRON universal mechanical test machine, model 3340, according to the ASTM D-882 

tensile standard for plastic films, at a speed of 30 m/s [23]. 

 Contact angle was analyzed using a goniometer by placing 1 µL of distilled water 

on the surface of the film (solid-liquid interface) at a temperature of 23 °C. Photographs 

of the microdrop were taken with 3 s of exposure time. The photographs, which were 

taken in triplicate, were processed in the matlab image editor to measure the angle formed 

by the drop of water on the surface. 

Fourier-transform infrared spectroscopy (FTIR) The FTIR analysis was performed 

using a FTIR Spectrophotometer (Perkin Elmer's Spectrum Two). The wave number range 

used in the analysis was 400-4000 cm-1 in ATR mode. This analysis allows the identifica-

tion of functional groups in organic materials, as well as any vibrational changes caused 

by the interaction between them. 

Surface Analysis by Scanning Electron Microscopy (SEM) The surface analysis was 

performed by scanning electron microscopy (SEM) using a JEOL microscope (JSM 6010A) 

in SEI mode and 1.5 kV without metal coating. 
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3. Results and Discussion 

3.1. Mechanical Analysis of Tension 

Table 2 shows the results of the mechanical stress-strain tests. PVA and chitosan (Cs) 

were subjected to mechanical tests separately. The Cs results are not shown because the 

films showed fragility when manipulated to perform the test. The PVA samples showed 

a tensile strength of 10.16 MPa with a deformation of 341.44 mm/mm. In the PVA-Cs mix-

ture, the presence of Cs caused an increase in tensile strength from the 10.16 MPa of PVA 

alone to 18.84 MPa for the PVA-Cs mixture. With respect to deformation, the presence of 

Cs in the mixture reduced the percentage of deformation from 341.44 mm/mm for PVA 

alone to 281.93 mm/mm for the PVA-Cs mixture . This could be due to an increase in the 

formation of hydrogen bridges between PVA chains and Cs, as has been reported by Agil 

Abraham, Soloman P. and Rejini V (2016).      

The presence of the PPy filler in the PVA-Cs samples increased the mechanical re-

sistance of the composite films, achieving an increase of up to 23.56 MPa in the PVA-

CS/PPy0.3 sample. Although PPy has brittle properties, this did not detract from its con-

tribution to mechanical strength but it did render the matrix more susceptible to defor-

mation, reducing its elasticity elasticity from 281.93 mm/mm (PVA-Cs) to 254.58 mm/mm 

(PVA-CS/PPy0.3). The PEDOT:PSS filler increased the ductility of the materials, while the 

use of MWCNT improved their mechanical resistance; using a concentration of 0.2 g of 

each (PVA-Cs/PEDOT:PSS0.2 and PVA-Cs/MWCNT0.2) increased the percentage of de-

formation and the mechanical resistance of the materials. This did not happen with con-

centrations of 0.1g (PVA-Cs/PEDOT:PSS0.1  and PVA-Cs/MWCNT0.1) since there was a 

percolation concentration at precisely 0.2 g, beyond which the mentioned properties in-

creased. The same results have been reported by Villemin E. and Guo X. (2018) [10,17]. It 

is important to note that the sample representing the B15 quaternary mixture containing 

0.3 g of PPy and 0.1 g of the PEDOT:PSS, CB and MWCNT fillers showed high defor-

mation and mechanical resistance values. The presence of PPy significantly contributed 

to increasing the percentage of deformation, while the interaction of the fillers, used in 

concentrations of 0.1%, gave greater mechanical resistance to the materials. The PVA-

CS/PPy0.3/PEDOT:PSS0.1/MWCNT0.1/CB0.1 sample required a stress of 40.332 MPa for 

a deformation of 355.252%; thus, it is possible to say that, at these concentrations, the stud-

ied fillers improved the resistance to breakage of the material. The Young's modulus of 

the materials obtained was determined based on the results of the stress and strain tests. 

The sample of PVA alone had a Young's modulus of 8.083 MPa; when adding Cs to the 

PVA material, the Young's modulus increased to 10.806 MPa. The molecular structure of 

Cs gives it physicochemical characteristics that improve the mechanical properties of 

PVA. This agrees with the results of tensile strength, since Cs was associated with an in-

crease in the mechanical resistance of the material and a decrease in the percentage of 

deformation. Table 2 shows the results of Tukey’ analysis on the Young's modulus of the 

samples, with a significance level of 0.05. 

Increasing the percentage of any of the fillers caused an increase in the Young's mod-

ulus of the material, which also agrees with the behavior of tensile strength. The PVA-

CS/PPy0.3 film showed better mechanical resistance properties, rigidity, and toughness, 

with a Young's modulus of 19.67 M Pa, almost double compared to the 10.80 MPa of the 

PVA-Cs film. These results indicated that there was a positive interaction between PPy 

and the PVA-Cs material, turning it into a material with potential structural applications. 

The PVA-CS/PPy0.3/PEDOT:PSS0.1 //MWCNT0.1/CB0.1 material, which contained the 

four fillers (0.3 g of PPy and 0.1 g each of MWCNT, CB and PEDOT:PSS) had a Young's  

modulus of 17.579 MPa, slightly less than the value for the PVA-CS/PPy0.3 material,  

which was 19.67 MPa. This may be since although PPy provided mechanical re-

sistance to the materials, CB and MWCNT particles were dispersed using an ultrasonic 

bath, which could have affected the molecular structure of the materials. 
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3.2 Contact angle 

Figure 1 shows the contact angle average results for each of the samples. As the re-

sults show, the films had a hydrophilic character, which means that their contact angle 

was less than 90°. In the samples with a single filler (PVA-CS/PPy0.1 to PVA-Cs/PE-

DOT:PSS0.2 sample´s), either PPy or PEDOT:PSS, the contact angle did not exceed 55°, 

which indicated that  

Table. 4 Statical analysis of Mechanical Properties   

 

 

these samples were even more hydrophilic. The use of allotropic carbon fillers 

(MWCNT or CB) increased the contact angle of the materials from 60° to 62°, which made 

samples PVA-Cs/MWCNT0.1 to PVA-Cs/CB0.2 more hydrophobic. This may be due to 

the sp2 hybridization structure of these fillers. However, the quaternary mixture samples 

B11 to b16 (which contained the 4 fillers) had the highest contact angles, ranging from 64° 

to 69°. This may be caused by the interaction between the allotropic carbon fillers, which 

increased hydrophobicity, and the other fillers. It is important to note that the polymer 

matrix materials B10 and B17 had different concentrations of PVA-Cs (28 and 25 mL re-

spectively). The PVA-Cs sample had a contact angle of 63°, while the B17 sample had a 

contact angle of 71°; the latter was the most hydrophobic of the samples, which suggested 

that decreasing the volume could lead to an increase in the hydrophobicity of the materi-

als and vice versa.   

 

Sample 
Stress 

(MPa) 

Strain 

(mm/mm) 

Young Mod-

ule (MPa) 

Young 

Module 

Standard 

Deviation 

Young 

Module 

Standard 

Error of 

Mean 

B1 18.84 281.93 10.80667 0.11218 0.06477 

B2 20.88 239.98 12.728 0.66916 0.38634 

B3 20.55 230.49 18.10667 0.95978 0.55413 

B4 23.56 254.58 19.67467 0.35194 0.20319 

B5 17.13 279.4 9.38567 1.12666 0.65048 

B6 20.59 298.37 12.05367 0.39865 0.23016 

B7 15.42 327.71 6.677 0.22598 0.13047 

B8 19.11 339.98 8.50333 0.39415 0.22756 

B9 20.06 302.91 11.68667 0.81716 0.47179 

B10 19.54 214.76 14.40767 1.54626 0.89273 

B11 14.57 238.27 12.808 1.17067 0.67589 

B12 18.15 314.46 10.74567 0.64616 0.37306 

B13 9.91 244.15 7.99667 0.53993 0.31173 

B14 11.78 186.86 12.17133 1.12618 0.6502 

B15 40.33 355.25 17.579 0.47188 0.27244 

B16 21.94 318.6 12.444 0.24258 0.14005 
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Figure 1. Result of average Contact angle 

 

3.3 Surface Analysis by Scanning Electron Microscopy (SEM) 

Figure 2 shows the SEM micrographs, in cross section, of the PVA (A) and PVA-Cs 

(B) films. Adding Cs to PVA made the material homogeneous and uniform, in addition to 

the fact that no phase separation can be observed between PVA and Cs. These results 

suggest that the PVA-Cs material has synergistic properties.  

 

 

Figure 2. SEM micrographs (300 X) of samples A) PVA, B) PVA-Cs. 

Figure 3 shows the SEM micrographs of the composite materials of PVA-Cs mixed 

with conductive polymers (PPy, CB, MWCNT and PEDOT:PSS). It can be seen that A), C) 

and D) maintained homogeneity and uniformity, there is good adhesion between the 

PVA-Cs materials. In the image of the PVA-Cs / CB sample (B) small particles are ob-

served, which may be due to carbon black, which due to their characteristics form dis-

persed aggregates that are clearly observed in the matrix. 
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Figure 3. Micrographs (300 X). A) PPy 0.2 g; B) CB 0.2 g; C) PEDOT:PSS 0.2 g; D) MWCNT 0.2 g. 

Figure 4 shows SEM micrographs of the composite materials containing the four fill-

ers under study in the PVA-Cs matrix quaternary samples (PVA-CS/PPy/PE-

DOT:PSS//MWCNT/CB0). As can be seen, the conductive polymers were well dispersed 

throughout the matrix. Some of the micrographs show small particles, probably of carbon 

black that was not completely dispersed and which formed aggregates instead. As can be 

seen in B), C) and D), uniform and homogeneous films were generated, with good adhe-

sion between the materials. Micrographs E) and F) show the formation of small protuber-

ances.   

 

 

Figure 4. SEM micrographs (600 X). A) PVA-CS/PPy0.3/PEDOT:PSS0.2/MWCNT0.2; B) PVA-

CS/PPy0.3/PEDOT:PSS0.1 //MWCNT0.1/CB0.1; C) PVA-CS/PPy0.2/PEDOT:PSS0.2/MWCNT0.2; 

D)PVA-CS/PPy0.2/PEDOT:PSS0.1//MWCNT0.1/CB0.1;E)PVA-CS/PPy0.1/PE-

DOT:PSS0.2/MWCNT0.2;F)PVA- CS/PPy0.1/PEDOT:PSS0.1//MWCNT0.1/CB0.1 

3.4 Fourier Transform Infrared Spectroscopy (FTIR-ATR) 

Figure 5 shows the FTIR spectrum of the PVA-Cs sample, which represents the film 

containing only the polymer matrix PVA-Cs. The spectrum showed the following signals: 

in the region of 3500 cm-1, a stretching vibration of the NH bond; at 3100-3300 cm-1, a 

stretching vibration of the hydroxyl group -OH; at 2900 cm -1, a stretching of the C-H 

bond; at 1790 cm-1, a stretching band of C=O; at 1600 cm-1, a bending vibration of the –
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OH bond due to the formation of hydrogen bridges as a result of the adsorption of water; 

at 1050 cm-1, a stretching vibration of the C-O bond in the C-O-C and C-OH groups (these 

functional groups are present in both PVA and Cs). In samples PVA-CS/PPy0.3, PVA-

CS/PPy0.2 and PVA-CS/PPy0.1  , in which PPy (0.3, 0.2 and 0.1g respectively) was added 

to the PVA-Cs matrix, the FTIR spectra showed a decrease in the signal between 3100 and 

3300 cm-1, which corresponded to the stretching of the O-H groups. The stretching vibra-

tion of the N-H bond in Cs and PPy is more clearly observed at 3500 cm -1. A sharp signal 

can also be observed at 1600 cm-1, corresponding to the stretching of the C=C bond in 

PPy. The signal at 1700 cm-1 corresponds to the stretching of the C=O bond in Cs.   

 

  

Figure 5. FTIR analysis of the samples PVA-Cs, PVA-CS/PPy0.3, PVA-CS/PPy0.2, PVA-CS/PPy0.1. 

Figure 6 shows the FTIR spectrum of samples PVA-Cs/PEDOT:PSS0.2 to PVA-

Cs/CB0.2. These images show the samples with PVA-Cs matrix containing a single filler 

of either PEDOT:PSS, MWNTC or CB. As can be seen, the spectra are very similar, with 

no great differences in vibration signals between the mentioned fillers. Figure 7 shows the 

FTIR spectra of samples B10 and B17, which contained only the polymer matrix, and of 

the samples B11PVA-CS/PPy0.3/PEDOT:PSS0.2/MWCNT0.2, B12PVA-CS/PPy0.3/PE-

DOT:PSS0.1 //MWCNT0.1/CB0.1, B13PVA-CS/PPy0.2/PEDOT:PSS0.2/MWCNT0.2, 

B14PVA-CS/PPy0.2/PEDOT:PSS0.1//MWCNT0.1/CB0.1 and B15PVA-CS/PPy0.1/PE-

DOT:PSS0.2/ MWCNT0.2 , which contained also the four fillers under study (PPy, PE-

DOT: PSS, MWCNT and CB). The samples that contained the four fillers showed vibration 

signals at 3100-3500 cm-1, which corresponded to the stretching of the O-H bond. At 1600 

cm -1, it is possible to see O-H hydrogen bridges bending as a result of the interaction 

between the fillers and the PVA-Cs matrix. The stretching of the C-O bond at 1000 cm-1 is 

also visible; this was due to the presence of C-OH groups. This agrees with the mechanical 

strength results, since samples B11PVA-CS/PPy0.3/PEDOT:PSS0.2/MWCNT0.2 and 

B12PVA-CS/PPy0.3/PEDOT:PSS0.1 /MWCNT0.1/CB0.1 showed high mechanical 

strength, which reached up to 40.33 MPa, as shown by the results of the mechanical stress 

test.    
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Figure 6. FTIR analysis of the samples B4PVA-Cs/PEDOT:PSS0.2, B5PVA-Cs/PEDOT:PSS0.1, 

B6PVA-Cs/MWCNT0.2, B7PVA-Cs/MWCNT0.1, B8PVA-Cs/CB0.2, B9PVA-Cs/CB0.1 and B10PVA-

Cs.   

 

Figure 7. FTIR analysis of samples B10PVA-Cs, B11PVA-CS/PPy0.3/PEDOT:PSS0.2/MWCNT0.2, 

B12PVA-CS/PPy0.3/PEDOT:PSS0.1 //MWCNT0.1/CB0.1, B13PVA-CS/PPy0.2/PE-

DOT:PSS0.2/MWCNT0.2, B14PVA-CS/PPy0.2/PEDOT:PSS0.1//MWCNT0.1/CB0.1, B15PVA-

CS/PPy0.1/PEDOT:PSS0.2/MWCNT0.2. 

3.5 Electrochemical Impedance Spectroscopy (EIS) 

The impedance spectra obtained by Electrochemical Impedance Spectroscopy were 

plotted as a Nyquist diagram and modeled by equivalent circuits. 

Figure 8 shows in A) the equivalent circuit for the impedance spectrum of the B1 and 

B16 samples. This circuit comprises a load Q1 in series, with a load transfer resistance R1, 

followed by load transfer resistance R2 in parallel with load Q2. This behavior is associ-

ated with the ability to transfer load. 
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Figure 8. Equivalent circuit a) R1/(Q1+Q2/R2) and b) Equivalent circuit R1/(R2 + C2) 

Figure 9 shows the equivalent circuit for the other samples. This circuit comprises 

two load transfer resistances R1 and R2 in series followed by a capacitance C2. Figure 10 

shows the spectra for the PVA-Cs sample. It can be seen in 10(A) that there is a small 

decrease in the intersection with the semicircle, followed by a line; this effect is due to the 

transfer of electrons, while the line may be due to the limited diffusion process.  In 10 (B), 

it is possible to see a Bode diagram of magnitude (IZI) and frequency (Hz); the magnitude 

starts at approximately 4x106 ohm at low frequencies, while at high frequencies the mag-

nitude decreases to 5x105 ohm. Regarding the phase angle, an angle close to -10º can be 

observed at the beginning in the low frequency region; the phase angle then decreases 

until reaching -80º. This is because PVA reduces resistive behavior, which results in the 

predominance of capacitive behavior. 

 

  

Figure 11. Diagrams of A) Nyquist and B) Bode for the B1PVA-CS/PPy0.3 sample. 

Figure 11 shows the diagrams for the B1 sample. Compared with the PVA-Cs sample, 

11 (A) shows the presence of a semicircle but at a lower frequency, indicating a transfer of 

electrons. This is followed by a line that could indicate energy release, since the molecular 

structure of PPy has double bonds (C=C) alternating with C-C bonds, forming conjugated 

structures along the chain that allow the transfer of electrons. 

The Bode diagram 11(B) of magnitude (IZI) and frequency (Hz) shows that, at lower 

frequencies, the magnitude starts at approximately 1.3x106 ohm while at high frequencies 

it reaches almost 0 ohm and remains constant. In the Bode diagram of phase angle (θ) and 

frequency (Hz), the sample behaves differently because there is an angle offset at lower 

frequencies; the angle starts at approximately -20º and decreases to -100º. The angle offset 

can be attributed to the formation of PPy aggregates in the composite material. The oppo-

site occurs at high frequencies; the phase angle starts at -100° and increases up to -55º, 

which can attributed to the presence of amino (-NH2) groups in Cs and PPy that can be 

protonated by the -OH groups in the PVA, thus acquiring a positive charge. 
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Figure 12 shows the diagrams for the B11PVA-CS/PPy0.3/PE-

DOT:PSS0.2/MWCNT0.2  sample.  

 

The Nyquist diagram in 12 (A) shows a semicircle indicating load transfer, followed 

by a pseudo-line indicating energy release. The Bode diagram of magnitude (IZI) and fre-

quency (Hz) in 12 (B) shows an initial magnitude of 4x104 ohm that decreases to 0 ohm 

and then remains constant. At lower frequencies, the phase angle remains constant at -70º 

but increases up to 20º at high frequencies it. The sample has a resistive behavior due to 

the presence of amino groups in the molecular structure of Cs and PPy, which generate a 

positive charge. PEDOT also contributes to the resistive behavior; it is considered an elec-

troactive polymer due to the presence of interlocking polymer chains that allow the pas-

sage of cathodic charges. 

 

 

Figure 13. Plot of the conductivities of the samples. 

5. Conclusions  

The present work is a study of the physical and chemical properties of conductive 

composite films made from PVA-Cs and 4 fillers (PPy, PEDOT:PSS, MWCNT and CB). 

The results showed that the incorporation of PPy improved the mechanical properties and 

Young's modulus of the materials. The analysis of the contact angle showed that all the 

samples, having an angle of less than 90°, had hydrophilic characteristics, but the samples 

containing the four fillers showed an increase in their hydrophobic character. It is im-

portant to point out that the morphological analysis (SEM) showed that the materials ob-

tained are homogeneous, with no phase separation, which promoted the interaction be-

tween the fillers, as demonstrated by the FTIR analysis, which showed evidence of hydro-

gen bridges in the quaternary samples (those containing the four fillers).  One of the most 

interesting results concerned the interaction between Cs and PVA. The literature reports 

that Cs improves the mechanical properties of PVA, that is, it increases its Young's mod-

ulus. Indeed, in the present work Cs improved the mechanical properties of PVA, but the 
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best mechanical properties were observed in in the B12PVA-CS/PPy0.3/PEDOT:PSS0.1 

//MWCNT0.1/CB0.1 sample, a PVA-Cs material mixed with the four fillers under study. 

This mixture was made of PVA-Cs/PPy 0.3 g/PEDOT 0.1 g/CNT 0.1 g/CB 0.1 g, and it 

achieved a Young's modulus of 17.743 MPa , a maximum tensile strength of 40.332 MPa 

and a deformation of 355.252%, compared to the B10PVA-Cs sample, which had a Young's 

modulus of 10.858 MPa, a maximum tensile strength of 18.481 MPa and a deformation of 

281.932%.  

The Nyquist diagram generated with the data from electrical tests showed that the 

materials containing the fillers under study had decreased resistance due to the transfer 

of the electrons and the dispersion of the fillers. The Bode diagram showed a different 

behavior; the samples with higher concentrations of PPy and and PEDOT:PSS at higher 

concentration showed resistive behavior due to the presence of amino groups in Pp and 

Cs that interact with the free links of PVA and PEDOT to form a more conductive material 

. The results of the present work provide important information about the possibility of 

obtaining composite materials with potential applications in microelectronics. 
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