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Abstract: This EVA compound, based on poly(ethylene-co-vinyl acetate) graft copolymer (79:21 parts 
by weight), antioxidants and fire proofing agents has been used as a jacket for I&C (instrumentation 
and control) cables for nuclear power stations. A synergetic degradation equation has been obtained 
for this material aged with heat and oxygen pressure using the laboratory techniques that RTL (radio-
thermo-luminescence) for glass transition temperature, CL (chemiluminescence) for activation energy 
and TA (thermal analysis) to estimate the oxygen dependence factor.  The relative elongation at break 
is a correlation parameter for synergetic degradation as well as other processes that develop during 
accelerated aging test.   
 

INTRODUCTION 
 

The accelerated aging of this EVA compound for cable jacket, under the simultaneous 
action of environmental conditions, creates many difficulties in the development of a unitary 
concept and an adequate mathematical formalism in order to obtain a synergetic model of 
degradation. In this paper we describe efforts to obtain a degradation equation for the relative 
elongation at break of the EVA cable jacket aged under simultaneous action of heat and 
oxygen pressure. During the accelerated aging, it is possible to observe whether crosslinking 
phenomena is accelerated or retarded in an EVA compound. These phenomena depend on 
chemical crosslinking agents, storage environment, storage period, or the generation of new 
crosslinking agents [1, 2].  In order to obtain all material coefficients for the degradation 
model from aging curves, it is necessary to obtain a number of experimental aging curves 
(isotherms and isobars).  Using laboratory techniques such as radio-thermo-luminescence 
(RTL), chemiluminescence (CL), and thermal analysis (TA), useful results for estimating the 
coefficients for a degradation model [3] can be achieved.  
 

EXPERIMENTAL 
 
 The dumbbell samples have been prepared from EVA cable jackets. The samples were 
aged at 408K in an oven with forced air circulation and in a special installation at 408K and 
400 kPa, 393K and 200kPa, 393 and 400kPa, 373K and 400 kPa, and the isotherm of 373K at 
600kPa oxygen pressure. The tensile strength and elongation at break of the samples have 
been measured with a Monsanto T-10/E, equipped with pneumatic gripping. The tests were 
carried out on samples prepared by using a crosshead speed of 50 mm/min. The length of the 
test portion of the dumbbell was 20 mm, the width approximately 4 mm, and thickness 1 mm. 
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RESULTS AND DISCUSSIONS 

 
  The initial average value of relative elongation at break is 224.2 %, and the 
corresponding average value of tensile strength is 14.73 MPa.   
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Figure 1 shows the dependence 
of tensile strength by time for 
three isotherms-isobars. In order 
to interpret the experimental 
data of this EVA jacket, a 
degradation model [3] has been 
elaborated, which is given by 
following equation: 0 200 400 600 800 1000 1200
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g. 1. The tensile strength versus aging time for the following isotherms-isobars: 1- 408 K and 21   
         kPa O2; 2 - 408 K and 400 kPa O2; 3 – 393K and 200 kPa. 
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tE  is the ratio between relative elongation at break after aging time t, E(t), 

tive to the elongation at break of the non-aged material, Eo , A is the preexponential factor, 
is the thermooxidative degradation activation energy, R is the ideal gas constant, T is the 
modynamic temperature, p is the partial oxygen pressure of aging environment [4], δ, β, 
, s, B are material parameters, m and n are shape factors depending of aging temperature 
 glass transition temperature Tg.  

We assume that the m, n, and s parameters satisfy the following conditions: 
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Where Tg is the glass transition temperature. Generally, the constant b will be determined 
from experimental data having to do with the calculated and measured glass transition 
temperature. For this synergetic experiment, the EVA glass temperature has been determined 
using a radio-thermo-luminescence technique.  In addition, this compound type behaves in 
concordance with (1) for the case when β →0.   The c and so material constants are: 
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Noted ε=EA/R and with πm=max[π(t)], below, equations will be simplified to writing.  
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Fig. 2. Isotherm-isobar of 408 K in air  (21 kPa O2 partial pres
experimental points, solid thick line is theoretical line conform to (1)
sleazy lines draw the line at the error envelope.  
 
The material coefficients can be calculated with the following eq
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The activation energy has 
estimated using the 

lumiescence technique, 
ng in an average value of 
 105,204 kJ/mol, and 
ence level is 99,54%. The  
n dependence has been 
ted using the value ω=0.87 
5% confidence level. 
sure). The solid circles show 
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The pressure factor  “ω” has been estimated using the integral volume of experimental 
data, but it may also be estimated with TA and DTA laboratory techniques [5,6].  
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Taking into account all 
experimental data and laboratory 
analysis, the following figures 
show experimental points and 
theoretical curves.  This figure 
shows a good concordance 
between the experimental points 
and the theoretical curve, which 
has the parameters and 
coefficients, determined from 
these experimental points using 
statisticalanalysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Isotherm-isobar of 408 K and 400 kPa O2. The solid diamonds show experimental points, solid 
thick line is theoretical line conforming to (1) for specific aging factors, and sleazy lines draw the line 
at the error envelope.  
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The error envelopes have been 
drawn taking into account the 
error interval for each 
experimental average value in 
order to calculate the error of the 
reported E/Eo.  Generally, in 
zones where there is a peak of 
elongation at break, the 
experimental data dispersion 
would be increased. Ageing time [hr]
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.  Isotherm-isobar of 393 K and 400 kPa O2. The solid squares show experimental points, solid 
line is theoretical line conforming to (1) for specific aging factors, and sleazy lines draw the line 
 error envelope.  

The peaks are perhaps,  generated by internal inhomogeneities that have an important 
dence of aging temperature and a slowdependence on oxygen pressure (in practical 
 it is not statistically detectable). The local peaks, from following  figures, where the 
th of elongation at break can be correlated with a corresponding growth of tensile 
gth, reflect a retarded crosslink. This crosslinking produces a growth of dispersion during 
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the aging process. Equation (7) and  (9) define the capacity of copolymeric system that under 
certain circumstances produces a retarding crosslinkable process. Generally, the “e-st” term 
defines a probability of crosslinking after aging time t. All the same, it is difficult to correlate 
the “s” factor value for a high molecular weight polymer as well as to make a connection with 
a configuration model. In the experimental errors limit “so” coefficient has a dependence of 
partial oxygen pressure as shown in figure 7. 
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The parameter “m” is 
very important because it 
gives the trend of the 
isotherm degradation 
curve.  It is specific for 
each polymer type (e.g. 
crosslinkable 
polyethylene) especially 
for mechanical 
properties [7].  The 
tendency for it to be zero 
near the glass transition 
temperature leads to an 

 5.  Isotherm-isobar of 393 K and 200 kPa O2. The 
d circles show experimental points, solid thick line is 
retical line conforming to (1) for specific aging 
ors, and sleazy lines draw the line at the error 
elope. 

1,20
 important property of 
this parameter, because it 
can be calculated from 
experimental data as well 
as measured using 
different techniques.  It
provides the possibility 
for verifying the 
calculations. 
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 6.  Isotherm-isobar of 373 K and 600 kPa O2. 
 bold X show experimental points, solid thick line 
eoretical line conforming to (1) for specific aging 
ors, and sleazy lines draw the line at the error 
elope. 
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. 7. The coefficient “so” versus partial oxygen pressure. 

CONCLUSIONS 

xidative degradation model may be developed for a number of polymer 
lyolefins etc) especially for estimation of lifetimes [3].  It successfully 
 of a polymeric material subjected to the action of aging factors.  It is a 
n model, which can be extended as well to the aging in radioactive 
addition, it accommodates a number of parameters.  It has been used to 
 degradation models of polymeric materials especially for insulation 
ar power stations. The retarding crosslink process generates many 

rediction of lifetimes because the implicated aging factors will have 
gnitudes during the accelerated aging test.  On the other hand, oxygen 
nt factor in reducing the accelerated aging period, not only for the EVA 
C cables jacket, but also for other polymer systems.  It should be noted 
rence between the samples taken from aged I&C cable segments and 
removing from unaged cables.  
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