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Property Enhancement of SiR-EPDM Blend Using Electron  
Beam Irradiation 

 
 

Deepalaxmi. R† and Rajini. V* 
 

Abstract – Polymers are the most commonly used di-electrics because of their reliability, availability, 
ease of fabrication and cost. The commercial and industrial demand for advanced polymeric materials 
which are capable of being used in harsh environment is need of the hour. The study of the effect of 
electron beam irradiation on polymeric materials is an area of rapidly increasing interest. This paper 
discusses the resultant beneficial effects of electron beam irradiation on the SiR-EPDM blend having 
50:50 composition. The changes in mechanical and electrical properties of SiR-EPDM blend which are 
exposed to three different doses of electron beam radiation namely 5 Mrad, 15 Mrad and 25 Mrad are 
presented. The irradiated blends are analyzed for their electro-mechanical and physico chemical 
properties. The electrical changes induced by irradiation are investigated by arc resistance, surface 
resistivity and volume resistivity measurements as per ASTM standards. The mechanical changes 
are observed by the measurement of tensile strength and elongation at break. Physico chemical 
investigation has been done using the FTIR, in order to investigate the irradiation induced chemical 
changes. 
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1. Introduction 
 
The polymeric insulating materials play a key role in 

the performance and reliability of most of the electrical 
systems. The survival of an electrical system is mostly 
governed by the endurance limit of the di-electric material 
employed within such systems. The fundamental parameters 
of these di-electrics such as electrical, mechanical, thermal, 
chemical and environmental factors play a vital role in 
deciding the application. Now a days, the polymeric 
insulating materials are increasingly being used in 
nuclear reactors, radiation facilities etc., necessitating 
the development of novel polymeric insulating materials 
capable of handling such harsh environmental stresses such 
as radiation. Also, the restricted properties and limited use 
of homo-polymers has given rise to the exploration of 
composites, co-polymers and blends etc. 

Mixing of the widely used polymeric material gives a 
new composite material having good flexibility and high 
resistance to environmental stresses. Blending of polymers 
is an attractive way of producing a new material as it 
does not involve cost and technical un-certainties as that of 
synthesizing a new one. Amidst polymers, EPDM and 
SiR are the commonly used elastomer materials in harsh 
environments. Many researchers have investigated the 
performance of these commonly used polymers [1, 2] 

and also their blends [3-7]. However the property 
modification by E-beam irradiation on these blends has 
never been reported. Low energy electron beam irradiation 
of polymers has been used in variety of fields. This process 
has been effectively utilized in power cable industry and 
has been identified as one of the most advanced industrial 
process.  

The polymeric materials are sensitive to varying degrees 
of low energy radiation. For example, they may experience 
different alterations in their structure, such as simultaneous 
scission and cross linking, upon exposure to irradiation. 
As a result, changes in their physical and / or chemical 
properties occur that could prematurely terminate the 
useful life of the dielectric before electrical failure. The 
type and the degree of damage experienced by a material 
due to radiation depend greatly on several factors, such as 
radiation type, dose and dose rate, presence of oxygen and 
high temperatures, etc. Radiation may tend to induce 
changes in some materials while others may not be affected. 
In addition, some of these changes are transitory, while 
others may be permanent. The temporary changes occur 
primarily due to the production of gas pockets and the 
generation of local ionized particles, which may disappear 
or become trapped some time after the irradiation has 
ended. Permanent changes, on the other hand, result 
from structural damages to the material such as surface 
oxidation, cracks and chemical decomposition byproducts. 
The effects of E-beam irradiation on the electrical, 
mechanical, physico-chemical properties of SiR-EPDM 
blend are reported in this paper. These effects are 
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categorized according to property classification. A correlation 
often exists between electrical, mechanical, and chemical 
properties. For instance, changes in electrical properties are 
usually associated with chemical reactions or mechanical 
degradation. These, in turn, are intimately connected with 
the physical state of the material which is governed by its 
chemical structure. Thus the properties that are important 
for a material in a harsh environment will depend in 
particular on the type of application and how the material 
is being used [7]. 

Some researchers have reported the treatment of 
polymer blends by E-beam irradiation [8-10]. For example, 
EVA-LDPE blend properties could be enhanced by the 
irradiating the rubber prior to melt blending [11]. E-beam 
irradiation has been used to improve the di-electric 
properties of Poly Ether Ether Ketone(PEEK) [12, 13]. The 
compatibility modification of PET/PP/PE/EVA blend by 
e-beam was reported [12]. 

The samples of SiR-EPDM blend are irradiated up to 5, 
15 and 25 Mrad doses using an electron source of 1.5 MeV 
rating. The objective of the present work is to investigate 
the mechanical and electrical properties of SiR-EPDM 
blend of 50:50 composition at various doses of electron 
beam irradiation. The effect of the E-beam irradiation 
induced reactions such as cross-linking and chain scission 
on the electro-mechanical properties of the SiR-EPDM 
blend are interpreted through the FTIR.  

 
 

2. Materials and Methods 
 

2.1 Materials 
  
The raw materials used are Silicone Rubber (SiR) and 

Ethylene Propylene Diene Monomer (EPDM) without any 
filler and additives). They are supplied by M/S Joy 
Rubbers, India. 

 
2.2 Blend preparation 

  
For the present investigations the blend ratio of 50:50 is 

selected [4, 5]. The Silicone rubber and EPDM with blend 
ratio of 50:50 were mixed in two roll mixing mill (Shoail 
make). The mixing was done for 30 minutes as per rubber 
manufacturing standards. The various additives like C, 
ZnO2, MBT, TMTD, Stearic acid were added during the 
blending process. The vulcanization was carried out in a 
electrically heated press (RNKM make) for 3 minutes at a 
optimum temperature of 90º C, and then they were post 
cured as per standard. 

 
2.3 Electron beam accelerator 

 
The electron beam irradiation was carried out in air 

using an electron accelerator with a beam energy of 1.5 
MeV(M/S Siechem Industries). The blends were exposed 

to three different doses (5 Mrad, 15 Mrad and 25 Mrad) of 
electron beam radiation. Three samples were exposed to 
the same dose of E-beam irradiation and investigations 
were carried out. All the results presented here are the 
average of the three investigations made at the same test 
conditions. 

 
 

3. Characterization of SiR-EPDM Blend 
 
The samples of SiR-EPDM have been characterized 

by their electrical and mechanical properties, as per IEC 
and ASTM standards, before and after electron beam 
irradiation. 

 
3.1 Physico-chemical characterization 

 
Fourier Transform Infrared Spectroscopy - FTIR is 

used for detecting functional groups and for characterizing 
the materials. It generates an infrared (IR) spectra of 
samples that absorb IR light. It provides information about 
the chemical bonding or molecular structure of materials. 
The FTIR technique enables the measurement of the 
changes in the nature and amount of different chemical 
groups by measuring the changes in the absorbance of 
wavelengths of IR light which are specific to those 
functional groups. The changes due to irradiation can be 
quantified in comparison to virgin. FTIR spectra of all the 
E-beam irradiated samples and virgin samples were taken 
using Perkin Elmer spectrophotometer, in the wave number 
ranging from 500 cm¯¹ to 4000 cm¯¹. 

 
3.2 Electro-Mechanical characterization 

 
3.2.1 Mechanical characterization 

 
The influence of E-beam radiation on the mechanical 

properties of a particular blend depends largely on the 
chemical transformations that take place within it during E- 
beam exposure. The applied load and the elongation of the 
dumb-bell shaped specimen are measured as per ASTM D 
412 using a universal testing machine (Make - Hounsfield) 
at room temperature. Hardness is measured using Shore A 
Duo. The sample dimensions is 5x5x0.3 cm square shaped 
specimen.  

 
3.2.2 Electrical characterization 

 
The virgin and E-beam irradiated blends samples are 

tested for the electrical parameters like volume resistivity, 
surface resistivity and arc resistance. The electrical 
properties are dependent on the chemical composition of 
the di-electric, they usually suffer degradation after 
mechanical deterioration has taken place. The volume and 
surface resistivities were measured using a test cell along 
with mega ohm meter (Prestige Electronics) with a sample 
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size of 10× 10× 0.3cm (square shaped specimen) as per 
ASTM D257. A constant voltage of 500V DC is applied 
between main and guard electrode. The arc resistance was 
measured as per ASTM D495 (SEV Electricals). The 
sample of size 5× 5× 0.3cm square shaped specimen was 
used for this measurement. 12.5 kV AC was applied to the 
sample. 

 
 

4. Results and Discussion 
 

4.1 Fourier transform infrared spectroscopy-FTIR 
 
The performance of insulation systems may be affected 

by the various chemical reactions which has been occurred 
during the blending process / E-beam irradiation. The 
analysis of these chemical reactions in insulation material 
is necessary in material designs. Hence FTIR analysis has 
been done on E-beam irradiated samples and the spectra of 
the virgin SiR-EPDM sample was taken as reference. The 
FTIR spectra of virgin sample and E-beam irradiated 
samples of SiR-EPDM blend are given in Figs. 1(a), (b), 
(c) and (d). 

The formation of various new functional groups during 
blending and E-beam irradiation is depicted in Figs. 2(a) 
and (b) respectively. 

Tables 1(a) and (b) show the band numbers and the wave 
numbers for various functional groups of virgin sample and 
E-beam irradiated samples along with their absorbance 
values. 

The investigations on the IR spectra of the virgin blend 
revealed the following facts. The formation of new 

functional groups such as Si-H, Si-CH3-CH2,=C-H(alkene, 
bending, strong), C=C (alkene, asymmetric stretch, strong) 
and C-H (alkane, bending, variable) have been noticed in 
addition to the various functional groups of component 
polymers in virgin sample. This indicates that the self cross 
linking has occurred between SiR and EPDM during 
blending itself due to the additives. The formation of new 
functional groups may be due to the cleavage of C-C, C-H 
bonds in EPDM and Si-CH3, Si-O bonds in SiR, which will 
happen in the order of their bond energies. In EPDM, the 
cleavage of C-C bond will happen first followed by C-H 
bond cleavage, as their bonding energies are 348 (KJ/mol) 
and 413 (KJ/mol) respectively. Similarly in SiR, the 
cleavage of Si-CH3 which occurs first is followed by the 
cleavage of Si-C bond as their bonding energies are 360 
(KJ/mol) and 452 (KJ/mol) respectively. 

The FTIR investigations on E-beam irradiated samples 
revealed that the irradiation has induced the chemical and 
morphological changes. The molecular changes occurring 
in polymers as a result of E-beam irradiation-induced 
chemical reactions may be classified as (i) chain cross-
linking and (ii) chain scission. The cross-linking results 
in an increase in molecular weight and formation of 
macroscopic network. The chain scission results in decrease 
in molecular weight. 

From the FTIR spectra of E-beam irradiated samples, the 
following points are observed. The hydrophilic (O-H) 
group content is found to increase initially with increase 
in dose compared to virgin. This ensures that the chain 
scission reaction has resulted in formation of more number 
of methyl groups as well as free hydrogen atoms. The 
mechanical and electrical parameters are subjected to a 
major change due to chain scission. At 15Mrad and 25 

 
 

 
 

Fig. 1. FTIR Spectra SiR-EPDM Blend irradiated by various doses of E-beam: (a) 0 Mrad (virgin sample); (b) 5 Mrad; (c) 
15 Mrad and (d) 25 Mrad 
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Mrad dosages, the hydrophilic OH group is found to 
decrease at wave numbers 3418 cm ¯¹ and 3429 cm ¯¹. This 
may be attributed to the immobile nature of the segments 
of the macromolecules caused by radiation induced cross-
linking. 

At 5Mrad dose, because of chain scission reaction, the 
CH3-CH2 (hydrophobic) group has been found to have a 
higher absorbance values (of 77% and 31% with respect to 
the virgin sample) at 2919 cm ¯¹ and 2851 cm ¯¹. Also the 
Si-H group content has been found to increase (to the 
values of 127% and 109% respectively with respect to the 
virgin sample) at wave numbers 2353 cm¯¹, 2336 cm¯¹. The 
formation of new groups such as alkene (C=C asymmetric, 
stretch, strong) and Si- CH2-CH3 have been noticed at 1958 

cm¯¹ and 1019 cm-1 respectively with the absorbance values 
of 21% and 29%. This is due to chain scission taking place 
in SiR and EPDM side chains at 5 Mrad. 

But at still higher dose of 15Mrad, due to the cross-
linking, a significant reduction of the CH3-CH2 group have 
been noticed at 2920 cm-1 and 2851 cm-1 with the 
absorbance values of 40% and 14% (with respect to virgin). 
Also the reduction of Si-H group content is observed at 
2353 cm-1 and 2328 cm-1 with the absorbance values of 
50% and 23% (with respect to virgin). A significant 
increase (77% with respect to the virgin sample) in C=C 
alkene, stretch, variable has been noticed at 1621 cm-1. 

Fig. 2(a). Formation of various functional groups during
the blending process 

Fig. 2(b). Formation of various functional groups during
the E-beam exposure [0 Mrad, 5 Mrad15 Mrad and
25 Mrad] 

Table 1(a). FTIR Investigations of Virgin sample and E-
beam irradiated samples (5 Mrad) 

Absorption
band 15 Marad 25 Marad Functional 

groups 
 WN 

(cm-1) 
Absorption 

% 
WN

(cm-1)
Absorption

% 
Hydrophilic 

(OH) 3200-3600 3418 119 3429 148 

Hydrophobic
CH3-CH2 

2850-3000 2920 
2851 

49 
40 

2921
2850

39 
26 

Si-H 2100-2360 2353 
2328 

33 
27 

2353
2337

20 
18 

C=C, alkene, 
stretch, variable 1620-1640 1018 20 1628 31 

Si-CH3-CH2 1000-1200 - - 1019 16 
C=C, alkene, 
asymmetric, 

variable 
1900-2000 1385 16 - - 

C-H, alkene, 
bending, 
variable 

1350-1480 - - 1416 16 

C=C 
aromatic stretch 1400-1600 - - 673 11 

=C-H alkene, 
bending, strong 675-1000 - -   

 
Table 1(b). FTIR Investigations of Electron beam irradiated 

samples (15 Mrad and 25 Mrad) 

Absorption
band 15 Marad 25 Marad Functional 

groups 
 WN 

(cm-1) 
Absorption 

% 
WN

(cm-1)
Absorption

% 
Hydrophilic 

(OH) 3200-3600 3593 75 3419 149 

Hydrophobic
CH3-CH2 

2850-3000 2917 35 2919
2851

62 
46 

Si-H 2100-2360 2322 22 2353
2336

50 
46 

C=C, alkene, 
stretch, variable 1620-1640 1621 6 - - 

Si-CH3-CH2 1000-1200 -  1019 29 
C=C, alkene, 
asymmetric, 

variable 
1900-2000 -  1958 21 

C-H, alkene, 
bending, 
variable 

1350-1480 - - - - 

C=C 
aromatic stretch 1400-1600 1488 4  - 

=C-H alkene, 
bending, strong 675-1000 - -  - 
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Also a 31% drop of Si-CH2-CH3 group is observed at 1018 
cm-1. A new C-H(alkane, bending variable) group have 
been noticed at 1385 cm-1 with the absorbance of 16%. 
This may be due to the increased availability of H atoms 
which are released from the EPDM during cross-linking.  

At 25 Mrad, due to the continued cross-linking, a 
significant reduction of the CH3-CH2 group have been 
noticed at 2921 cm-1 and 2850 cm-1 with the absorbance 
values of 11% and 25% (with respect to the virgin). Also 
the reduction of Si-H group content is observed at 2353 
cm-1 and 2337 cm-1 with the absorbance values of 9% and 
18% respectively. A significant increase of 81% (with 
respect to the virgin sample) in C=C alkene, stretch, 
variable group has been noticed at 1621 cm-1. Also a 21% 
drop of Si-CH2-CH3 group is observed at 1019 cm -1. A new 
C-H(alkane, bending variable) group have been noticed at 
1416 cm-1 with the absorbance of 16%. Also a new group 
=C-H (alkene),bending, strong has been noticed at wave 
number 673 cm¯¹. This may be due to the increased 
availability of H atoms which are released from the EPDM 
during cross-linking.  

 
4.2 Interpretation of mechanical parameters using 

FTIR 
 
In particular, cross-linking and chain scission are 

believed to play an influential role on the rate of 
deterioration of SiR-EPDM blend. The tensile strength is 
mostly governed by the overall tendency of the material to 
cross-link or to undergo chain scission upon exposure to 
radiation. As mentioned before, the cross-linking effect 
is characterized by an increase in tensile strength and a 
decrease in the elongation at break point. In polymers 
where cross-linking predominates, the tensile strength 
often increases to a maximum. The elongation at break and 
tensile strength of the virgin sample and E-beam irradiated 
samples are plotted against the various doses of E-beam as 
shown in Figs. 3 and 4. 

All the values indicated are the mean of 3 tests 
conducted. A slight decrease in elongation at break have 
been noticed (7.5% compared to virgin) at 5and 15 Mrad. 
This is due to the formation of double bonds which are 
initiated by chain scission mechanism of E-beam 

irradiation. It is also evident from FTIR that the formation 
of C=C (alkene, asymmetric, stretch, strong) bonds at 1958 
cm ¯¹ with 21% absorbance value has been noticed at 5 
Mrad. At 15 Mrad, the existence of C=C (alkene, stretch, 
variable) group has been noticed at 1621 cm-1 with 26% 
absorbance. At higher dose of 25Mrad, a large decrease in 
elongation at break (19.5%) has been observed. This may 
be attributed to the reduced segmental mobility of polymer 
chains on account of cross-link formation in the amorphous 
region. The appearance of new group =C-H (alkene), 
bending, strong noticed at wave number 673 cm ¯¹ with 
11 % absorbance is responsible for the drop in elongation. 
The reduction of 34% and 45% tensile strength values have 
been noticed at 5 and 15 Mrad respectively. This is due to 
the increase in Si-H content at 2353 cm-1 with absorbance 
values of 127% and 50% respectively (with respect to the 
virgin). At 25 Mrad, the tensile strength of the blend is 
increased to 12.5%. It is validated by the corresponding 
decrease of 9% in Si-H group at 2353 cm-1. This is due to 
the predominating effect of the cross-linking reaction 
which is initiated by the E-beam irradiation. Also 81% 
increase in C=C (alkene, stretch, variable) group at 1621 
cm-1 (when compared to virgin) has been noticed from 
FTIR spectra. 

 
4.3 Interpretation of electrical parameters using 

FTIR 
 
The surface resistivity, volume resistivity and arc 

resistances of the virgin sample and E-beam irradiated 
samples are plotted against various doses of E-beam and 
are shown in Figs. 5, 6 and 7. 

It is observed that both the volume and surface 
resistivity of the E-beam irradiated samples are found to 
drop till 15 Mrad dose. This may be due to the chain 
scission reaction, which has occurred at low dose level. It 
is validated by the absence of =C-H (alkene), bending, 
strong group. But a 73% increase in volume resistivity and 
lower deterioration in elongation has been noticed at 25 
Mrad. This is proved by the appearance of new =C-H 
(alkene, strong) group at 673 cm-1 with 11% absorbance in 
FTIR spectra. 

The arc withstanding time is found to increase with 
 

Fig. 3. Percentage Elongation of SiR-EPDM Blend 

Fig. 4. Tensile strength of SiR-EPDM Blend 
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increase in E- beam dose. At 5 and 15 Mrad, the blend has 
withstood only 10 mA current. But at 25 Mrad dose, the 
current withstanding capability of the blend is found to 
be 40 mA for a duration of 366 seconds. The factor 
behind this effect is the E-beam induced cross-linking.The 
increase in the molecular weight leads to an increase in 
charging ability of polymer blend. Also from FTIR, the 
presence of more number of double bonds have been 
noticed at 1628 cm-1, 1915 cm-1 1416 cm-1 and 673 cm-1 for 
a 25 Mrad exposure.  

 
 

5. Conclusion 
 
The property (electrical/mechanical) modification of 

the SiR-EPDM blend at various doses of E-beam 
irradiation has been analyzed. The action of E-beam 
radiation on polymeric materials promotes mainly the two 
processes (a) cross-linking - formation of chemical links 
between adjacent molecular chains. (b) Scission of 
polymer chains, which destroys its molecular structure. 
These chemical transformations result in changes in the 

physical, mechanical and electrical properties of polymers. 
Although these effects occur simultaneously, one plays a 
dominating role depending on the chemical structure of 
the polymer and radiation dose. Cross-linking improves 
electrical properties (volume resistivity, surface resistivity, 
arc resistance) and one of the mechanical properties 
(tensile strength). E-beam exposure improves most of the 
parameters, and the cross-linking phenomenon is the key 
factor.  

Based on the investigations, both the electrical and 
mechanical properties of the blend are found to be better 
than of the virgin sample, when treated between the doses 
of 15-25 Mrad. This study also proves that the SiR-EPDM 
polymer blend posses the superior characteristics of the 
SiR (electrical properties) and EPDM (mechanical 
properties). A radiation dose of 15-25 Mrad is found to be 
optimum for achieving the best balance in properties of 
SiR-EPDM blend. The changes in electro- mechanical 
properties of the SiR-EPDM blend before and after the E-
beam exposure has been supported by FTIR investigations 
also. Hence it is concluded that with the optimal E-beam 
dose of 15-25 Mrad, the properties of the di-electrics can 
be enhanced. In this research, parameters like surface 
resistivity, volume resistivity and arc resistance alone are 
considered. The other important electrical parameters like 
dielectric strength and dielectric constant may be included 
for the future investigations. 

 
 

Acknowledgements 
 
The authors gratefully acknowledge the financial 

support extended by SSN College of Engineering for 
carrying out this research work.  

 
 

References 
 

[1]  V. Rajini., K. Udayakumar, “Degradation in Silicone 
Rubber under AC or DC Voltages in radiation 
environment” IEEE Transactions on Dielectrics and 
Electrical Insulation. Vol. 16, Issue 3, pp. 834-841, 
2009. 

[2]  V. Rajini, K.Udayakumar, “Resistance to tracking of 
EPDM aged by Gamma irradiation under AC and DC 
voltages”, International Journal of Emerging Electric 
Power Systems. Vol. 8, Issue 3. pp.1-20, 2007. 

[3]  M. Brown, “Compounding of Ethylene Propylene 
Polymers for electrical applications”, IEEE Electrical 
Insulation Magazine, Vol. 13, Issue 1, pp. 16-22, 1994. 

[4]  R. Raja Prabhu, S. Usa. K. Udhyakumar, “Electrical 
Insulation Characteristics of Silicone and EPDM 
blends”. IEEE Transactions on Di-electrics and 
Electrical Insulation, Vol. 14, Issue 5, pp.1207-1214, 
2007. 

[5]  Deepalaxmi. R., Balaji. M., Rajini. V, “Particle Swarm 

 
Fig. 5. Surface Resistivity of SiR-EPDM Blend 

Fig. 6. Volume Resistivity of SiR-EPDM Blend 

Fig. 7. Arc resistance of SiR-EPDM Blend 



Property Enhancement of SiR-EPDM Blend Using Electron Beam Irradiation 

 990 

Optimization Based selection of Optimal Polymeric 
Blend”, IEEE Transactions on Dielectrics and Elec-
trical Insulation, 20, No.3, 922-931, 2013. 

[6] M. Ehsani, H. Borsi, E. Gockenbach, G. R. 
Bakhshandeh I. J. Morshedian, I. N. Abedi, “Study of 
Electrical, Dynamic Mechanical and Surface Pro-
perties of Silicone-EPDM Blends”, International 
Conference on Solid Dielectrics, Toilouse, France. pp. 
1-4, 2004. 

[7]  S. Kole, K. Tripathy, “Morphology and ageing 
behaviour of Silicon-EPDM blends”, Journal of Mate-
rial Science, pp. 2451-2455, 1994. 

[8]  R. Javid Laghari, Ahmad N. Hammoud, “A brief 
survey of radiation effects on polymer di-electrics”, 
IEEE Transactions on Nuclear Science, Vol. 37, Issue 
2, pp.1076-1083, 1990 

[9] R. M. Bhat, “Dosimetry in Industrial radiation pro-
cessing”, IANCAS Bulletin. pp. 107-119, 2005. 

[10]  A. Bhowmick, Vijayabaskar. “Electron beam curing 
of elastomers”, IANCAS Bulletin., pp. 81-90, 2005. 

[11]  Mahmood Borhani, Ghazanfar Mirjalili, Farhood 
Ziaie and Mohammad A. Bolorizadeh. “Electrical 
properties of EVA/LDPE blends irradiated by high 
energy electron beam”, Nuleeonika, Vol. 52, Issue 
2, pp. 77-81, 2007. 

[12] K. Shinyama, M. Baba, S. Fujita, “Di-electric pro-
perties of electron beam irradiated polymer insulating 
material”, Proceedings of Instrumentation Symposium 
on Electrical Insulation Materials, Toyobaih, Japan, 
pp. 387-391, 1996. 

[13] L. Elvado, Rossini, Holio Wiebeck, Leonardo. G and 
Andraade Silva, “Study of E beam irradiation effects 
on morphological properties of PET/PP/PE/EVA 
blends”, International Nuclear Atlantic Conference, 
Brazil, pp.1-10, 2009. 

 
 
 

Deepalaxmi. R She is an assistant 
professor in SSN College of Engi-
neering, Chennai, Tamilnadu, India. 
She obtained the B.E and M.E. degrees 
from Shanmugha College of Engi-
neering, Bharathidasan University. She 
is pursuing the Ph.D. degree in the area 
of high voltage engineering. She has 12 

years of teaching experience. Her area of interest includes 
high voltage and electrical machines, power electronics and 
drives. 

Rajini. V She is a professor in SSN 
College of Engineering, Chennai, 
Tamilnadu, India. She obtained the B.E. 
and M.E. degrees from Annamalai 
University and the Ph.D. degree from 
Anna University. She has 19 years of 
teaching and academic experience. Her 
area of research includes power systems 

and high voltage engineering. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


