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  Abstract- This work reports on the effects of the thermal ageing 
on the dielectric and physico-chemical properties of 
polypropylene (PP). The dielectric properties such as AC 
electrical conductivity (σac), dielectric constant (ε’) and 
dielectric losses (ε”) are measured at temperatures between 0 °C 
and 80 °C in the frequency range of 1 Hz – 107 Hz. Whereas, the 
changes in the PP’s structure were highlighted by Fourier 
Transformer Infrared Spectroscopy (FT-IR), Scanning Electron 
Microscope (SEM) and the estimated Hydophobicity from 
measuring the contact angle.  
The experimental results revealed that thermal ageing leads to a 
degradation of the dielectric properties. Indeed, σac, ε’ and ε” 
increased by ageing. These variations may be explained by the 
changes in the polymers structure 

I. INTRODUCTION

   Organic polymer has been used widely as insulating 
materials in high voltage systems because of their high 
breakdown strength under electrical stress. Moreover, they 
have other advantages such as low cost, high resistance to 
chemical degradation and easy recycling. Such characteristics 
are especially relevant for the industry of electrical power 
electronic systems [1-6]. These polymers are exposed to much 
environmental stress during their service life. These stresses 
will initiate changes in the materials properties, which may 
potentially start the deterioration of the equipment and act 
directly on its reliability and lifetime. Temperature is one of 
the major reasons for long-term degradation of polymers used 
as insulation in electrical equipment.  Consequently, some of 
their properties may alter and produce limitations on the 
effective service life of the equipment. Understanding the 
thermal ageing behavior is crucial to the formulation, design 
and application of polymeric materials. In fact, the overall 
effects of thermal ageing on the chemical properties are the 
oxidation reactions, cross-linking, chain scission, variation in 
crystallinity …etc [7, 8]. 

This study concerns polypropylene (PP) material which offers 
a good balance of thermal, chemical and physical properties 
[9] whose chemical formula is given in Figure 1. Because of 

his excellent mechanical, thermal and electrical properties the 
material is used in a wide spectrum of applications notably as  

Fig.1. PP chemical formula 

a dielectric in power capacitors, cable wraps and layer and 
phase separators for rotating electrical equipment and 
transformers. It is also used with paper laminates as the 
insulation of transmission-class power cables [10, 11, 12, 13]. 

This paper provides experimental results of AC electrical 
conductivity (σac), dielectric constant (ε’) and dielectric losses 
(ε”) of virgin and aged PP. The ε’ and  ε” curves against 
frequency for different temperatures exhibit a peaks 
corresponding to alpha relaxation.  
For better understanding the thermal ageing effects on the 
different parameters (AC electrical conductivity (σac), 
dielectric constant (ε’) and dielectric losses (ε”) ) different 
complementary analysis techniques as Fourier Transformer 
Infrared Spectroscopy (FT-IR), Scanning Electron Microscope 
(SEM) and estimated Hydophobicity by measuring the contact 
angle are used . 

II. EXPERIMENTAL

The samples are cut from the same commercial plate of 1 mm 
thick to be sure that the properties of the material are similar. 
The thermal aging was carried out in a thermo-ventilated oven 
at a temperature of 90 ° C during 30 days. 
Dielectric Relaxation Spectroscopy (DRS) was used to probe 
the molecular dynamics of PP samples. The measurements 
were conducted from 1 to 107 Hz at a temperature range of 0 
to 80 °C, and performed on the metalized samples using a 
Novocontrol Alpha-A analyzer under N2 atmosphere. The 
morphology and the physical properties for aged and virgin PP 
were characterized by a scanning electron microscope (SEM) 
(Philips XL 30) at 20 kV and FT-IR spectra (Perkin Elmer) 
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range of 4000 cm−1 to 400 cm−1 with a resolution of 4 cm−1. 
The hydrophobicity was studied by measuring the contact 
angle formed between a water drop and PS surface from the 
photography taken with digital camera and analyzed with 
AUTOCAD view software. 
 

III. RESULTS AND DISCISSION 
 

A. Dielectric behavior of virgin PP 
 
The dielectric constant (ε’), the dielectric losses (ε”) and the 
volume conductivity (σac) of virgin PP versus frequency for   
temperatures from 0 to 80 ° are shown in Figures 2, 3 and 4. 
The dielectric constant decreased with increasing frequency as 
shown in fig.2. We can find that α relaxation appears at the 
frequency lower than 1kHz. The dielectric losses increase at 
first, then decrease with increasing frequency as shown in fig. 
3. The dielectric losses exhibits a peak in the frequency range 
100 to 1000 Hz. This peak corresponding to α relaxation is 
due to relaxation in crystalline portion of the PP material [14]. 
The variation of AC conductivity of virgin PP as a function of 
frequency at different temperatures is depicted in figure 4. It is 
clearly observed that σac increases rapidly with frequency and 
slightly with temperature. 
 

              
    Fig.2. Dielectric constant versus frequency 
      for different temperatures for virgin PP 

 

    
   Fig.3. Dielectric losses versus frequency 
    for different temperatures for virgin PP 

 

     
       Fig.4. AC conductivity versus frequency 
          for different temperatures for virgin PP 

 
 

B. Thermal ageing effects on the dielectric behavior of PP 
 

The dielectric constant (ε’), the dielectric losses (ε”) and the 
AC conductivity of virgin and aged PP versus frequency are 
shown in Figures 5, 6 and 7. The results shown that the 
dielectric losses (ε’) increases about 7 % after ageing. The 
dielectric losses (ε”) decreases between 1 to 100 Hz after 
ageing. Then it increases when the frequency is higher than 
100 Hz. In addition, the α relaxation pic shifts to higher 
frequency after ageing. On the other hand, σac increases 
slightly after electrical ageing as shown in figure 7. These 
increases are due to occurred modification of physical and 
chemical properties of the PP polymer. Indeed, the formation 
of dipole and impurities are all factors that could explain this 
increase in conductivity. From the observation results, after 
ageing, it appears damage marks on the polymer surface 
whose existence will be explained via complementary analysis 
technics.  
 
 

         
                     Fig.5. Dielectric constant versus frequency 

                   for different temperatures for aged and virgin PP 
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        Fig.6. Dielectric losses versus frequency 
        for different temperatures for aged and virgin PP 

 

     
 

             Fig.7. AC conductivity versus frequency 
          for different temperatures for aged and virgin PP 

 
C. FTIR analysis 

 
Figure 8   displays representatives spectrums from virgin and 
aged PP. The results showed that the peaks are located in a 
wide range of spectra scale and are in agreement with the 
results presented in the literature [12, 15,16,17, 18]. The peaks 
at 3394 and 3194 cm-1 were ascribed to OH group. C-H bend 
of methyl group (CH2  and  CH3) were observed at 2918, 
2839, 1452, 1375 cm-1 and CH2 – CH(C-H3) were observed at  
1166, 972 and 840 cm-1. The peaks at 1724, 1710, 1690 and 
1658 cm-1 were assigned to carbonyl group (C=O), while the 
peak at 1630 cm-1 is assigned to aromatic C = C stretching. 
The comparison between the two spectrums indicates that 
similar functional groups are present in the aged and virgin PP 
material. However, the aged specimen spectrum shows that for 
almost every peak, the band intensities increase. These 
increases aid conduction and indicate that the thermal ageing 
affect on electrical properties sample. Indeed, these increases 
indicate scission in main chain that leads to greater mobility of 
shorter degraded chains present in the amorphous phase [19].  
 
 
 
 

 

 
                   a- zoom of the zone                      b- Zoom of the zone b 

                Fig.8. ATR-FTIR spectrums of virgin and aged PP 
 

D. SEM analysis 
  

Figure 9 shows the SEM micrographs of virgin and aged 
PP. The virgin sample has a smooth and homogeneous 
surface, figure 9a. There is no noticeable aberration. However, 
the micrographs of sample thermally aged exhibit craters 
damages of the surfaces, figures 9b. It was also noted that the 
surface morphology (shape, size and the arrangement of the 
particles on surface of the sample) appeared to change after 
ageing. 

The changes in the surface structure (damages, craters, 
surface roughness…) of PP after thermal ageing are a result of 
chain scission and oxidize in the amorphous phase [ 9, 20, 21]. 
Generally, these processes are irreversible. The craters and 
damages of PP surface constitute a potential origin for the 
modification of the trap characteristics. This modification of 
traps energy as well as their density and distribution play an 
important role in the modifications of the dielectric properties 
[22]. 

        
 a- Virgin PP                                       b- Aged PP 

                       Fig.9. SEM micrographs of virgin and aged PP 
 

E. Contact angle measurement and estimated 
hydrophobicity  
 

The hydrophobicity of PP surface was studied by means 
contact angle measurements. According to this, figure 10 

2x106 4x106 6x106 8x106 1x107

0,0

1,0x10-5

2,0x10-5

3,0x10-5

4,0x10-5

Virgin PP

Aged PP

AC
 C

on
du

cti
vi

ty
 (S

/cm
)

Frequency (Hz)

5000 4000 3000 2000 1000

0,0

0,1

0,2

0,3

0,4

ba

 Virgin PP 
 Aged PP

Ab
so

rb
an

ce

Wave number (cm-1)

3500 3400 3300 3200 3100 3000
-0,002

0,000

0,002

0,004

0,006

0,008

0,010

3192
3394  Virgin PP

 Aged PP

Ab
so

rb
an

ce
   

Wave number (cm-1)
1800 1750 1700 1650 1600 1550 1500

-0,005

0,000

0,005

0,010

0,015

0,020

0,025

1724
1710

1690

1658

1645

1630

1565 1548
1530

1500

 Virgin PP
 Aged PP

Ab
so

rb
an

ce
  

Wave number (cm-1)

132
Authorized licensed use limited to: UNIVERSITE PAUL SABATIER TOULOUSE 3. Downloaded on October 26,2024 at 10:44:35 UTC from IEEE Xplore.  Restrictions apply. 



shows a representative water contact angle of virgin and aged 
PP which decreases after ageing from 71.3° to 52.2°. This 
indicates that the thermal ageing of PP polymer increases its 
hydrophobicity, presumably due to the formation of oxidized 
chemical species through chemical photo-oxidation reactions, 
such as carbonyl (C=O), carboxyl (COOH) or hydroxyl (OH) 
groups [23] and increasing of surface roughness according to 
the FTIR and SEM analysis. 

 

 
 
       

a- Virgin (θ = 71.3°)      b- Aged PP (θ = 52.2°) 
Fig. 10. Contact angles of virgin (a) and aged (b) samples. 

 
IV. Conclusions 

 
This paper presents a study of thermal aging experiment on 
the commercial insulating PP polymer material. The dielectric 
and physico-chemical properties of this material were 
measured and analyzed. Some conclusions can be drawn as 
following:       
 The results shown that the dielectric losses (ε’) 

increases about 7 % after ageing under 90 °C during 30 
days; 

 The dielectric losses (ε”) decreases between 1 to 100 
Hz after ageing. Then it increases when the frequency 
is higher than 100 Hz. In addition, the α relaxation pic 
shifts to higher frequency after ageing; 

 AC conductivity (σac) increases slightly after thermal 
ageing; 

 The phenomenon of PP degradation by thermal aging 
was interpreted in terms of chemical and structure 
modifications. These modifications were highlighted 
by FTIR, SEM technics and estimated hydrophobicity. 
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