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Abstract- The accelerated ageing by γ-irradiation was 
accomplished for the evaluation of ethylene-propylene-diene 
terpolymer (EPDM) as electrical insulation in the cable 
manufacture. Three complementary procedures: FT-IR 
spectroscopy, isothermal and nonisothermal chemiluminescence 
and absorption/resorption current measurements were applied 
on a certain formulation for depicting the main material 
characteristics foreseen in the applications as cable electrical 
insulations. The explanation of structural modifications in 
relation with the magnitude of received energy is presented. 
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I. INTRODUCTION 

The applications of polymer materials for the 
manufacture of electrical insulation are based on their 
favorable properties, which are related to their high stability 
[1]. The durability of cables is mainly defined by the integrity 
of insulation that protects central wire. During the ageing 
process happened in natural or accelerated conditions, the 
oxidation as the main degradation process generates polar 
entities, which change the functional properties of electrical 
insulations [2]. The fundamental problem of ageing polymer 
materials is the correlation between the structural 
modifications and the intensity of stressors: heat [3, 4], 
radiation exposure [5, 6], electrical field [7, 8]. 

The influence of electrical field on the polymeric 
insulators is an essential aspect of the endurance testing of 
polymer materials. In the most of cases the chemical 
degradation is associated to the formation of channels and 
water trees [9, 10] starting from chemical defects. The 
accumulation of polar entities, various oxygenated structures, 
as the result of reactions between free radicals and molecular 
oxygen, can be emphasized by, for example, TSDC 
investigations [11], which provide additional information on 
the presence and relaxation of various molecular structures 
and chains. 

The electrical properties of polymer materials are 
determined by the bond strength. The ethylene-propylene 
elastomers manufactured by copolymerization of ethylene 
and propylene in various proportions are stable materials 
[12]. Their degradation rates depend on the 
ethylene/propylene ratio being known that tertiary and 
quaternary carbon atoms form the less stable bonds [13]. The 
ethylene-propylene-diene rubber (EPDM) consisting of three 

structures: ethylene, propylene and 5-ethylidene-2-
norbornene as diene component, is a proper material for the 
applications in hard working conditions [14-16]. The 
degradation profiles were previously reported [17-20] by 
which the material durability can be assessed. 

The chemical strength of EPDM depends strongly on the 
diffusion of oxygen penetrating material simultaneously with 
energetic transfer [21, 22]. This diffusion feeds the oxidation 
process and the ageing level is determined by the oxygen 
amount existing in degrading material. The electrical 
characteristics (low resistivity, low relative permittivity) were 
studied on different kinds of commercially available EPDMs 
[23-28], confirming the availability of EPDM for the 
manufacture of electrical insulations. The achievement of 
satisfactory behavior in electrical field may be attained by the 
well selected formulation, which consists of high 
performance materials [1, 29]. 

The present study is focused on the evaluation of 
functional features of EPDM formulation destined to the 
manufacture of low voltage cables in nuclear power plants. 

II. EXPERIMENTAL 

Ethylene-propylene-diene terpolymer (EPDM) was 
provided from Lanxess (USA) as KELTAN 5470. It can be 
characterized by ethylene content weight: 60 %, diene (5-
ethylidene-2-norbornene, ENB) content: 4.5 %, Mooney 
viscosity ML(1+4) 125 oC: 55. The formulation of samples is 
presented in Table 1. 

TABLE I 
FORMULATION OF SAMPLES 

Component Percentage (phr) 
EPDM 5470 100 
Zinc oxide 3 
Stearic acid 10 

Irganox 1010 0.5 
Retilink T-40 3 

Dicup 40 2.3 

 
Film samples were obtained by the evaporation of solvent, 

CHCl3, at room temperature. Plaque samples were vulcanized 
for 15 minutes at 180 oC in an electrically heated press. 

The exposure was accomplished in air at room temperature 
in irradiation machinery M-38 GAMMATOR (USA) 

476



 

 

provided with 137Cs source. Dose rate was 0.4 kGy h-1, which 
is proper for the investigations on accelerated degradation. 

FT-IR spectra were recorded with JASCO 4000 
spectrophotometer at 48 scans. The carbonyl and hydroxyl 
indexes were calculated accordingly with procedure earlier 
reported [30]. Isothermal and nonisothermal 
chemiluminescence (CL) determinations were accomplished 
using LUMIPOL 3 (Slovakia) equipment. The errors of 
temperature readings are in the limit of ± 0.5 oC. Isothermal 
CL measurements were carried out at 160 oC. The 
temperature range for nonisothermal measurements was 25-
250 oC at a heating rate of 5 oC min-1. The CL results were 
expressed in Hz g-1 for the normalization of emission 
intensities. Electrical measurements of currents were done on 
Keithley 6517 A electrometer. The applied voltage for all 
samples was 500 V. Dimensions of samples: 60x60x0.5 mm. 

III. RESULTS AND DISCUSSION 

Ethylene-propylene-diene terpolymer (EPDM) has been 
widely used as efficient electrical insulator, because it shows 
high chemical stability and proper dielectric characteristics 
under high voltage direct current devices [31]. The dielectric 
features of studied polymer are determined by many factors, 
e.g., chemical composition, morphological configuration, the 
concentration and distribution of dipoles along the field 
direction [32]. The polymeric insulators are the proper 
materials with specific electrical characteristics, which must 
preserve the integrity of cable due to their mechanical and 
electrical strengths. By ageing process the diminution of item 
life time is noticed according with the level of degradation 
reached by the jacket. The commission of ethylene-
propylene-diene terpolymer in the nuclear areas is controlled 
by the ability of material to maintain the low degradation 
state over a real exposure dose range [33]. The pivotal effect 
of electrical dipoles containing oxygen atoms is the electron 
driving by jumping [34]. 
A. FT-IR Spectroscopy Investigation 

The oxidation stability of EPDM films can be evaluated by 
FT-IR records depicting the modifications in characteristic 
vibration bands [35]. The carbonyl (1718 cm-1), bond 
hydroxyl (3350 cm-1) or double bond from norbornene (880 
cm-1) bands are the main spectral regions, where the 
transmission values are significantly changed (Fig. 1). The 
accumulation of carbonyl- and hydroxyl-containing products 
is a measure of oxidation state defining the stability strength 
during normal or accelerated ageing. The degradation 
mechanism was earlier reported [35, 36], but the specificity 
of EPDM is identified by the accumulation rates of 
degradation products (Fig. 2).  

The increase in the concentration of dipoles is practically 
mirrored in the changes of material stability. The formation of 
free radicals as the precursors of oxygenated products would 
determine a change in the thermal behavior of material, 
because the presence of peroxyl radicals as oxidation 
initiators makes possible the feeding of degradation chain. 

The higher irradiation dose that means a greater amount of 
energy mitigates the oxidation induction time. 
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Fig. 1.  FTIR spectra recorded on EPDM sample γ-irradiated at different 
doses. 
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Fig. 2.  Carbonyl and hydroxyl indexes calculated for different irradiation 
doses received by EPDM sample. 

B. Chemiluminescence Spectroscopy Investigation 
The isothermal chemiluminescence spectra (Fig. 3) present 

different shapes that prove the involvement of formulation 
components in the reactivity of peroxyl radicals. If the 
unirradiated material has a large loop with a oxidation 
induction time of minutes, followed by a sharp increase in the 
CL intensity (a very high oxidation rate) and a long period of 
slow oxidation, the increasing dose shortens the induction 
time followed by other short periods of fast oxidation. 
However, the periods defined by slow oxidation rate exist and 
they are enough long to assume that the RO2

  radicals are 
inhibited against the propagation of oxidation. 

The nonisothermal chemiluminescence spectra (Figs. 4 and 
5) illustrate the small differences that exist between the 
oxidation strengths of EPDM samples with our formulation. 
The onset oxidation temperatures decrease slowly due to the 
effect of antioxidant, Irganox 1010, a very efficient stabilizer. 
These long durations of pseudo-constant CL intensities are 
the useful information of proper stability of material. 
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Fig. 3.  Isothermal chemiluminescence spectra recorded on the EPDM-based 
samples. 
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Fig. 4.  Nonisothermal chemiluminescence spectra recorded on the EPDM-
based samples. 
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Fig. 5.  Onset oxidation temperature obtained from nonisothermal 
chemiluminescence spectra recorded on the EPDM-based samples. 
C. Electrical Conduction Investigation 

The electrical conduction of polymers is a complex process 
in which charge carriers appear and move away after the 
application of electrical field. The asymptotic decrease of 
current on time illustrates the decay of distributed charge. The 
structural characteristics, i.e. crosslinking degree, determine 
either the level of constant current or the maximum 
absorption current. The applied doses are specific for slight 
crosslinking of EPDM and it is seldom accompanied by an 
oxidative degradation as the result of scission/crosslinking 

competition [37]. The modification of material behavior in 
high energy radiation field is caused by the unlike 
distributions of trapped electrons and by the number of 
intermolecular bridges. Because EPDM belongs to the class 
of crosslinkable polymers [37], γ-irradiation creates three 
dimension networks, which slows down the movement of 
electrical charge. The free electrons removed from molecule 
by the interaction between photons and polymer material are 
scavenged by various sites being released in electrical field. 

Fig. 6 presents the absorption/resorption currents measured 
in EPDM samples subjected to different γ-irradiation doses. 
The lower values of current in irradiated polymer in respect 
with pristine material can be ascribed to slowing down the 
speed of electron escaped from the less and less deep traps 
and to the formation of polar entities containing oxygen. 
However, the diminution of current, when exposure dose is 
higher can be explained by the crosslinking of material in 
which the most sensitive sites are unsaturation (ethylidene 
norbornene) and tertiary or quaternary carbon atoms. The 
volume resitivities corresponding to the peculiar currents 
become higher and the larger polymer backbones prevent the 
movement of charge. The generation of degradation products 
changes the energy distribution in molecules. Consequently, 
the jump of electrons in strongly influenced by the molecular 
orbital distribution and the delocalization of energy becomes 
an important factor influencing electrical conduction [38]. 

 

Fig. 6.  Absorption/resorption curves recorded on some EPDM-based 
samples. 
 

The degradation mechanism is based on the formation of 
radicals which react further with oxygen [39]. The 
accumulation of oxygenated products changes the 
polarizability of material inducing a certain level of the 
interaction between moving charge and chemically modified 
polymer. 

IV. CONCLUSIONS 

Our EPDM-based samples prove their high chemical 
stability against oxidation that demonstrates the possible 
application on the manufacture of electrical insulations. The 
slight variation of carbonyl and hydroxyl indexes 
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demonstrates the satisfactory chemical stability in radiation 
fields. The radiation processing of EPDM reveals a certain 
level of crosslinking which increases the volume resistivity. 
The absorption/resorption currents are diminished by 
irradiation indicating a certain crosslinking during radiation 
exposure. The chemiluminescence and FTIR investigations 
proved the good structural and strength of EPDM, which is 
slowly oxidized by γ-treatment. The γ-exposure of EPDM is a 
proper procedure for the manufacture and performance 
evaluation of cable insulations. 

REFERENCES 
[1] S. Okabe, N. Hayakawa, H. Murase, H. Hama, and H. Okubo, 

“Common insulating properties in insulating materials,” IEEE TDEI, 
vol. 13, pp. 327-335, February 2006. 

[2] Z. Ádám Tamus, “Complex diagnosis of insulating materials in 
industrial electrostatics,” J. Electrostat., vol. 67, pp. 43-47, February 
2012. 

[3] Y.Y. Sun, S.J. Luo, K. Watkins, and C.P. Wong, “Electrical approach 
to monitor the thermal oxidation ageing of carbon black filled ethylene 
propylene rubber,” Polym. Degrad. Stab., vol. 86, pp. 209-215, 
November 2004. 

[4] F. Norohna, J.M.G. Angelini, N. G. Góis, and L. H. I. Mei, 
“Performance development requirements for elastomers of electric 
power network insulators,” J. Mater. Process. Technol,, vol. 162-163, 
pp. 102-108, May 2005. 

[5] E. Suljeovruji , Z. Ka arevi -Popovi , D. Kostoski, and J. Doj , 
“Effect of ageing on the dielectric relaxation of oriented and gamma 
irradiated LDPE,” Polym. Degrad. Stab., vol. 71(3), pp. 367-373, 2001. 

[6] J. C. Miguez Suarez, E. Ermel, and E. Biasotto Mano, “Study of the 
effect of gamma irradiation on polyolefins-low density polyethylene,” 
Polym. Degrad. Stab., vol. 75(1), pp. 143-151, 2002. 

[7] N. Mahdhi, B. Askri, K. Raouadi,G. Damamme, and R. Dakhli, “Study 
On dielectric properties of composite insulators for use in medium 
voltage overhead lines,” J. Electrostat., vol. 71, pp. 892-897, October 
2013. 

[8] R. Saldiviar-Guerrerro, R. Hernández-Corona, F. A. Lopez-Gonzalez, 
L. Rejón-García, and V. Rpomero-Baizabal, “Application of unusual 
techniques for characterizing ageing on polymeric electrical 
insulation,” Electr. Power Sys. Res., vol. 117, pp. 202-209, December 
2014 

[9] C. Mayoux, “Degradation of insulating materials under electrical 
stress,” IEEE TDEI, vol. 7, pp. 590-601, October 2000. 

[10] F. Ciuprina, G. Teissèdre, J.C. Filippini, “Polyethylene crosslinking 
and water treeing,” Polymer, vol. 42, pp. 7841-7846, August 2001. 

[11] N. Benkera, A. Gourari, M. Bendaoud, R. Saoud, and C. Guerbi, 
“TSDC study of structural relaxation on polyethylene terephtalate,” J. 
Non-Crystall. Solids, vol. 352, pp. 42-49, November 2006. 

[12] T. Zaharescu, and S. Jipa, “Evaluation of radiochemical effects in 
ethylene-propylene elastomers,” Polym. Test., vol. 16, pp. 107-114, 
April 1997. 

[13] Y. R. Luo, Handbook on dissociation energies in organic compounds, 
RCR Press, 2003, pp.11-94. 

[14] Y-D. Seo, H-S. Lee, Y-S. Kim, and C.S. Song, “A study on the ageing 
degradation of ethylene-propylene-diene monomer (EPDM) under 
LOCA conditions,” Nucl. Eng. Technol., vol. 43, pp. 279-286, June 
2011. 

[15] C. D. Gamlin, N.K. Dutta, and N.R. Choudhury, “Mechanism and 
kinetics of the isothermal thermodegradation of ethylene-propylene-
diene (EPDM) elastomers,” Polym. Degrad. Stab., vol. 80 (3), pp. 525-
531. 

[16] T. Zaharescu, and I. Mihalcea, “Behaviour of ethylene-propylene 
elastomers in salt solutions. I. SEM investigation on gamma irradiation 
effects,” Polym. Degrad. Stab., vol. 50, pp. 39-43, December 1995. 

[17] T. Zaharescu, V. Melzer, and R. Vîlcu, “DSC studies of the heat 
capacities for γ-irradiated ethylene-propylene elastomers. II. EPDM,” 
Polym. Degrad. Stab., vol. 61(3), pp. 383-387, 1999. 

[18] Y. Ohtake, Y. Yamamoto, M. Gonokami, T. Nakamura, H. Ishii, and S. 
Kawahara, “Degradation profiles in aged WPDM water seals using 
focused ion beam-scanning electron microscopy,” Polym. Degrad. 
Stab., vol. 98, pp. 2489-2496, December 2013. 

[19] T. zdemir, ”Gamma-irradiation degradation/modification of 5-
ethylene-2-norbornene (ENB)-based ethylene-propylene-diene rubber 
(EPDM) depending on ENB content of EPDM and type/content of 
peroxides used in vulcanization,” Radiat. Phys. Chem., vol. 77, pp. 
787-793, June 2008. 

[20] F. Le Lay, “Study on the lifetime of EPDM seals in nuclear powered 
vessels,” Radiat. Phys. Chem., vol. 84, pp. 210-217, March 2013. 

[21] S.W. Rutherford, R.E. Kuntz, M.G. Smith, K.G. Honnell, and J.E. 
Coons, “Measurement and correlation of sorption and transport 
properties of ethylene-propylene (EPDM) elastomers,” J. Membr. Sci., 
vol. 263, pp. 57-65, October 2005. 

[22] T. Zaharescu, and P. Budrugeac, “Radiation processing of polyolefin 
blends”, Polym. Bull., vol. 49(4), pp. 297-303, 2002. 

[23] Y. Kurata, K. Takano, K. Sakuraba, and M. Hayashi, “Evaluation of 
EPDM rubber for high voltage insulator”, Annual report on Electrical 
Insulation and Dielectric Phenomena, pp. 471-477, October 1995. 

[24] P.A. Sorichetti, C.L. Matteo, O.A. Lambri, G.C. Manguzzi, L.M. 
Salvatierra, and O. Herrero, “Structural changes in EPDM subjected to 
ageing in high voltage transmission lines”, IEEE TDEI, vol. 14, 
pp.1170-1181, October 2007. 

[25] C. Canaud, L.L. Yuan Visconte, M.A. Sens, R.C., and Reis Nunes, 
“Dielectric properties of flame retardant EPDM composites”, Polym. 
Degrad. Stab., vol. 70(2), pp. 259-262, 2000. 

[26] K. Anandakumaran, “Ageing and condition monitoring studies of 
composite insulation cables used in nuclear power plants”, IEEE TDEI, 
vol. 14, pp.227-237, February 2007. 

[27] M.M. Abdel-Aziz, S.E. Gwaily, and M. Madani, “Thermal and 
electrical behavior of radiation vulcanized EPDM/Al2O3 composites”, 
Polym. Degrad. Stab., vol. 62, pp. 587-597, December 1998. 

[28] K.S. Suh, S.K. Park, C.H. Lee, S.W. Kim, and S.O. Han, “Space charge 
distribution in EPDM compounds”, IEEE TDEI, vol. 4, pp. 725-731, 
December 2007. 

[29] A.T. Bulinski, J-P. Crinel, B. Noirhomme, R.J. Densely, and S. Bimji, 
“Polymer oxidation and water treeing”, IEEE TDEI, vol. 5, pp. 558-
570, August 1998. 

[30] N.S. Allen, E. Hoang, Liauw, C.M., Edge, M., and Fortan E, “Influence 
of processing aids on the thermal and photostabilisation of HDPE with 
antioxidant blends”, Polym. Degrad. Stab., vol. 72, pp. 367-376, May 
2001. 

[31] A. De Almeida, L. Chazeau, G. Vigier, G. Marque, and Y. Goutille, 
“Influence of PE/PP ratio and ENB content on the degradation kinetics 
of γ-irradiated EPDM”, Polym. Degrad. Stab., vol. 110, pp. 175-183, 
December 2014. 

[32] Y. Sun, S. Boggs, and R. Ramprasad, “The effect of dipole scattering 
on intrinsic breakdown strength of polymers,” IEEE TDEI, vol. 22, pp. 
459-502, February 2015. 

[33] T. Zaharescu, and C. Podin , “Radiochemical stability of EPDM,” 
Polym. Testing, vol. 20, pp. 141-149, October 2001. 

[34] Y. Wang, K. Wu, D. Cubero, and N. Quirke, “Molecular modeling and 
electron transport in polyethylene,” IEEE TDEI, vol. 21, pp. 1726-
1734, August 2014. 

[35] Še erov, M. Marinovi -Cincovi , S. Popovi , Z. Nedi , and Z. 
Ka arevi -Popovi , “Characterization of gamma irradiated ethylidene-
norbornene copolymer using FTIR, UV-Vis and DSC techniques,” 
Polym. Bull., vol. 60, pp. 313-322, March 2008. 

[36] N. Fuse, H. Homma, and T. Okamoto, “Kinetic degradation model for 
insulating materials used on nuclear power plant safety cables,” IEEE 
TDEI, vol. 21, pp. 25-32, February 2014. 

[37] R. L. Clough, Radiation-resistant Polymers, in Encyclopedia of 
Polymer Science, 2nd ed., vol. 13, 1988, pp. 667-704. 

[38] G. Teyssedre, and C. Laurent, “Charge transport modeling I insulating 
polymers,” IEEE TDEI, vol. 21, pp. 857-875, February 2005. 

[39] G. Teyssedre, and C. Laurent, “Charge transport modeling I insulating 
polymers,” IEEE TDEI, vol. 21, pp. 5-32, October 2005. 

 

479



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


