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Thermal and Mechanical Properties of PVDF/PANI Blends
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Poly(vinylidene fluoride)/polyaniline blends of different composition were synthesized by chemical 
polymerization of aniline in a mixture of Poly(vinylidene fluoride) and N,N-dimethylformamide and their thermal 
and mechanical behavior was investigated as a function of the polyaniline doping level and the composition 
using thermogravimetric analysis, differential scanning calorimetry, dynamic mechanical analysis and tensile 
tests techniques. The results showed the blend obtained presents a good thermal stability with low weight loss 
up to 300 °C, assigned to water and solvents evaporation. The glass transition and melting point is not affected 
by the PANI content in the blend, showing that polymers are no miscible. The films produced present a good 
sustainability; however the presence of the conducting polymer in the blend increases the tensile strength and 
the Young modulus, while diminishes the elongation at break, as compared to pure PVDF.
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1. Introduction

Polyaniline (PANI) has been the subject of a good deal of 
attention in the last three decades mainly on account of its electrical 
conductivity and unique optical properties. Since the polymer is 
highly stable at standard conditions, there is an avenue for potential 
novel applications. However, if the manufacturing process depends 
on the polymer’s melting or solution the production can be hindered, 
given that PANI is hardly soluble or melted. Because of this, the 
properties of blends of PANI with commercial polymers were 
investigated in order to obtain materials that combine the electrical 
and optical properties of the first with the mechanical properties of 
the second1-19. The methods used to prepare blends and composites 
of PANI-conventional polymers include solution1-4, polymerization 
in situ5-7,4, fusion8-10, emulsion11-15, and inverse emulsion16-19.
Poly(vinylidene fluoride) – PVDF is a conventional polymer used 
as matrix for PANI blends. It has been widely investigated because 
of its good mechanical properties, chemical stability, high dielectric 
permittivity and unique pyroelectric and piezoelectric properties20-22. 
It is a semicrystalline material with diverse crystalline forms, with at 
least five phases that are known as α, β, γ, δ and ε23-26. In general the 
processed material is obtained in the non piezoelectric alpha phase. 
The behavior of PVDF/PANI blend have been recently investigated 
through several experimental techniques7,10,27,28. From a general point 
of view, the mechanical and electrical properties of the blend depend 
on temperature, composition, and preparation route. In our previous 
work, PVDF/PANI blend were obtained by in situ polymerization 
of aniline in a PVDF/N,N-dimetylformamide (DMF) solution7. The 
influence of the oxidant/aniline ratio, dopant p-toluenesulfonic acid 
(TSA)/aniline ratio, and PVDF/aniline in the electrical conductivity 
of the blends were analyzed7. The electrical conductivity can achieve 
values of 1 S/cm at a 50 wt. (%) content of PANI in the blend and 
is stable at temperatures under the 100 °C. As a continuation of our 

previous work, this study investigates the thermal and mechanical 
proprieties of those blends as a function of PANI content and PANI 
doped level, that is important to practical application

2. Experimental

2.1. Synthesis

The blends were obtained by chemical polymerization of 
aniline in a solution of PVDF as previously described7. In a typical 
experiment, 1.0 g was dissolved in 10 mL of DMF heated at 70 °C 
and the mixture cooled at room temperature. The aniline (0.5 g) 
was added into this solution under stirring. A 20 mL of a solution of 
1.22 g ammonium persulfate and 4.28 g TSA in DMF, and 44.5 mL of 
chloroform were slowly added into the mixture. The polymerization 
reaction was allowed to proceed at room temperature for 2 hours 
under stirring. After that time, the blend was precipitated by adding 
distilled water, the solid was filtered and washed with distilled water 
and aqueous solution of TSA 0.1 M and then dried under dynamic 
vacuum for 24 hours. In the sequence the blend was maintained 
heated at 70 °C for an additional period of 24 hours. Deprotonation 
was performed keeping the material in a 0.1 M aqueous solution of 
ammonium hydroxide for 16 hours at room temperature to produce 
the blend in the dedoped form. The reprotonation was performed by 
dipping the material into an HCl aqueous solution of 0.05 and 1.0 M, 
keeping the system under stirring for 30 minutes. After that, the blend 
was taken out of the acid solution, and dried under dynamic vacuum 
for 24 hours at room temperature. This procedure produced a blend 
with 22,4 wt. (%) of PANI content. Blends of 12 and 30 wt.  (%) 
were also obtained following the same procedure using different 
proportions of aniline, oxidant etc, as described in previous work. 
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and PANI as discussed above. The thermogravimetric analysis for the 
PVDF/PANI blend (22.4 wt. (%) PANI), dedoped and redoped with 
HCl 0.05 M and 1.00 M, is shown in Figure 2. A small weight loss is 
observed at a temperature lower than 120 °C in the redoped blends, 
assigned to water loss, which was not noticed for the dedoped blend. 
The water absorption is higher for the doped polyaniline due to ionic 
salvation40. Moreover, the redoped blends show a more significant 
weight loss for temperatures between 300 and 450 °C, than the dedoped 
one. A similar behavior is observed in the blends containing 12 and 
30 wt. (%) of PANI (Figures 3 and 4, respectively). The results show 
that the loss of dopant in the blends is related to the acid concentration 
used for doping. This result is in agreement with the literature41.

Figure 5 shows the DSC thermograms of the dedoped PANI-EB 
(emeraldine base), PANI redoped with HCl 1.0M (PANI-HCl) and 
PVDF. The PANI thermograms show a broad endothermic peak 
at around 110 °C, assigned to water loss, which is greater to the 
redoped PANI. This finding is in agreement with the TGA analysis, 
discussed above. The graphics also show an exothermic transition at 
around 270 °C for the PANI-EB, which has been assigned to cross 
linking36. This transition is noticed in a smaller extension for the 
PANI-HCl sample. Scherr et al.42 suggested the crosslinking reaction 
results from a coupling of two neighboring –N=Q=N– groups to 
give two –NH-B‑NH– groups thorough a link of the N with its 
neighboring quinoid ring. Here Q and B represent the quinoid and 
benzenoid ring, respectively. In the redoped PANI, the amount of 
quinoid ring is smaller and consequently the exothermic transition is 
less emphasized. The endothermic peak observed around 175 °C for 

PANI content in the blends were calculated on the basis of elemental 
analysis. Thick films (≈ 200 μm) were obtained by pressing the 
material (powder form) under a pressure of 30 MPa at 180 °C. Doped 
(PANI-HCl) and dedoped (PANI-EB) were obtained using the same 
procedure in the absence of PVDF.

2.2. Measurements

Thermogravimetric Analysis (TGA) was performed in a Netzch 
STA 409 equipment within a temperature range of 25 to 700 °C at a 
heating rate of 10 °C/min and N

2
 atmosphere. Differential Scanning 

Calorimetry (DSC) analysis were performed in a TA Instruments 
MDSC 2920 equipment within a temperature range of 0 to 300 °C 
at a heating rate of 10 °C/min in N

2
 atmosphere. The Dynamic 

Mechanical Analysis (DMA) was performed using a TA Instruments 
DMA Q800 V7.0 analyzer. The measurements were performed from 
–80 °C to 80 °C at a heating rate of 2 °C/min under N

2
 and a constant 

frequency of 1.0 Hz. The stress-strain tests were conducted using an 
EMIC DL 300 equipment at room temperature and a deformation 
rate of 13 mm/min using a cell of 100 N and initial grips separation 
of 23.4 mm. The samples were strips cut from a thin sheet following 
the specifications of the ASTM D882-95a standard. Five specimens 
were tested for each sample composition.

3. Results and Discussion

Thermogravimetric analysis provides useful information on the 
thermal stability of materials. Figure 1 shows the thermogravimetric 
behavior of the PANI, PVDF and the blends investigated in this 
work. The onset degradation temperature of the polymer chain for 
pristine PVDF29,30 is around 400 °C. On the other hand, redoped 
PANI (PANI-HCl) presents considerable weight loss at much lower 
temperatures than for PVDF. The weight loss below 150 °C has been 
assigned to water loss31,32, and at a higher temperature (>150 °C), 
due to the loss of bonded water and dopant32-37. Above 420 °C, the 
weight loss is associated with the degradation of the polymer chain 
structure, in agreement with the literature38,39. The analysis shows 
that the blends in the compositions studied have a stability that is 
closest to the stability of PVDF, with a intensive weight loss onset 
at around 400 °C, which is associated to the weight losses for PVDF 

Figure  1. Thermogravimetric analysis of: PVDF, PANI and PVDF/PANI 
blend (12, 22.4 and 30 wt. (%) PANI). The PANI and blends are redoped 
with HCl 1,0 M.

Figure 2. Thermogravimetric analysis of PVDF/PANI blends (22,4 wt. (%) 
PANI) dedoped and redoped with HCl 0,05 M and 1,0 M.

Figure 3. Thermogravimetric analysis of PVDF/PANI blends (12 wt. (%) 
PANI) dedoped and redoped with HCl 0,05 M and 1,0 M.
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PVDF is assigned to the melting of its crystalline regions37. In Figure 6 
thermograms of PVDF, PANI-EB, and PVDF/PANI blends with 12, 
22.4 and 30 wt. (%) of dedoped PANI are shown. The exothermic 
peak at ≈ 250 °C associated with crosslinking43 for dedoped blends 
can be observed, except for the 12 wt. (%) PANI blend. That must 
be a consequence of the low percentage of PANI in the sample that 
compromises the observation of such transition. It is also observed 
that the melting point of PVDF keeps constant, regardless of the blend 
composition, hence a strong indication that the polymers are not 
miscible. On the other hand, the intensity of this peak is proportional 
to the percentage of PVDF in the blend, as expected, since the peak is 
related to the melting heat. Figure 7 shows the DSC thermograms of 
the PVDF, PANI-HCl and the PVDF/PANI blends with 12, 22.4, and 
30 wt. (%) of PANI redoped with HCl 1.0 M. The results are similar 
to those discussed above, with the exception that the degradation 
peaks are less evident than for the dedoped ones.

Storage modulus (E’) and loss factor (tan δ = E”/E’) as a function 
of the temperature for the PVDF are shown in Figure 8. The curve 
of tan δ has a peak at around –40 °C that was assigned to the glass 
transition temperature44. This is associated with a strong decrease 
of the storage modulus in that region. The DMA results obtained 
for the dedoped PVDF/PANI blends with 12, 22.4 and 30 wt. (%) 
of PANI can be seen in Figure 9. The presence of PANI in the blend 
did not change the glass transition temperature, indicating that the 

Figure 4. Thermogravimetric analysis of PVDF/PANI blends (30 wt. (%) 
PANI) dedoped and redoped with HCl 0,05 M and 1,0 M.

Figure 5. DSC thermograms of: a) PANI-EB; b) PANI-HCl; and c) PVDF.

Figure 6. DSC thermograms of: a) PVDF; b) PVDF/PANI (12 wt. (%) PANI); 
c) PVDF/PANI (22,4 wt. (%) PANI); d) PVDF/PANI (30 wt. (%) PANI); and 
e) PANI. The PANI and blends are dedoped.

Figure 7. DSC thermograms of: a) PVDF; b) PVDF/PANI (12 wt. (%) PANI); 
c) PVDF/PANI (22,4 wt. (%) PANI); d) PVDF/PANI (30 wt. (%) PANI); and 
e) PANI. The PANI and blends are redoped with HCl-1.0 M.

blend components are immiscible, in agreement with the results 
obtained by DSC.

Figure 10 shows the stress-strain curves for pure PVDF and for 
the PVDF/PANI blends containing 12 and 22.4 wt. (%) of dedoped 
PANI. It is noticed that the elongation at break decreases as the content 
of PANI in the blend increases. The tensile increases from 40 MPa 
for pure PVDF, to 50 and 55 MPa, respectively, for blends with 
12 and 22.4 wt. (%) of PANI and the Young modulus changed from 
1.2 GPa for PVDF to 1.5 GPa for blends with 12 and 22.4 wt. (%) of 
PANI (values obtained from the slope of the curves in Figure 8 in the 
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elastic region). Additionally, the elastic region also becomes larger 
with the increase of the PANI percentage in the blend (changing from 
2.5 to 4%), although the value of E does not change. This suggests 
PANI is reinforcing the PVDF matrix, constraining the PVDF chain 
movements and increasing the tensile strength of the blend to a higher 
stiffness associated with the PANI backbone. In order to investigate 
the effect of doping on the mechanical properties of the blends, 
stress‑strain tests were performed for blends with 12 and 22.4 wt. (%) 
of PANI redoped with 0.05 and 1.0 M HCl. The results obtained are 
presented in Figures 11 and 12. As a general behavior, the acid dopant 
renders the PVDF/PANI more brittle, as the acid used for redoping 
is more concentrated. The elastic component is not significantly 
affected by the acid concentration (insets of Figures 11 and 12). It 

Figure 8. The DMA measured storage modulus and tan δ of the PVDF.

Figure  9. The DMA measured storage modulus and tan δ of the PVDF/
PANI (12 wt. (%) PANI), PVDF/PANI (22,4 wt. (%) PANI) and PVDF/PANI 
(30 wt. (%) PANI). The blends are dedoped.

Figure 10. Stress-strain curves of: a) PVDF; b) PVDF/PANI (12 wt. (%) 
PANI); and c) PVDF/PANI (22,4 wt. (%) PANI). The blends were dedoped.

Figure 11. Stress-strain curves of: a) PVDF; b) PVDF/PANI (12 wt. (%) 
PANI); and c) PVDF/PANI (22,4 wt. (%) PANI). The blends were redoped 
with HC 0,05 M.

Figure 12. Stress-strain curves of: a) PVDF; b) PVDF/PANI (12 wt. (%) 
PANI); and c) PVDF/PANI (22,4 wt. (%) PANI). The blends were redoped 
with HCl 1,0 M.
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is well known that doped PANI becomes more crystalline at higher 
doping levels16,45, diminishing the elongation at break when compared 
with the undoped one.

4. Conclusions

In conclusion, our results of the blend of PVDF/PANI showed 
better thermal stability than the conductive polymer alone. The 
melting point of PVDF crystallites and its glass transition is not 
affected by the PANI component, showing that the polymers are not 
miscible. The presence of PANI in the blend increases the tensile 
strength and the Young modulus, when compared to pure PVDF. On 
the other hand, the blend becomes more brittle, thus increasing the 
PANI doped level.
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