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Green Polyethylene in Harsh Environments: Gamma-irradiation Effects
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Bio-based linear low-density polyethylene (green LLDPE) composites are used as electrical
jackets/insulator for cables. Assessments of gamma-irradiation (Co-60) effects on these materials are
of interest as they might be used in nuclear power plants (NPPs). Brazilian sugarcane juice-based green
LLDPE composite electrical jackets were irradiated until 1000 kGy and analyzed for thermal stability
and mechanical characteristics. Thermogravimetry analysis (TGA) showed increasing of pyrolysis
activation energy (E ) (under N,) from 42.7 + 4.2 kJ/mol in unirradiated samples to 72.8 + 4.6 kJ/mol
after 60 kGy dose, as resulted of radiation-induced effects. FTIR spectra evidenced radiation-induced
formation of conjugated C=C bonds after 250 kGy dose. Tensile stress and Young modulus did not
change significantly until 150 kGy dose, whereas elongation at break decreased and reached 50% at
91 kGy dose. These results suggest that green LLDPE might withstand radiation damage through a

NPP operating life (~ 40 years).

Keywords: bio-based plastics, gamma radiation, LLDPE thermal properties, LLDPE mechanical

properties, nuclear power plants.

1. Introduction

Bio-based plastics are materials made from renewable
resources'. The replacing of non-renewable with renewable
resources is a key item on several organizations, also it
is the subject of many public and private debates. Thus,
renewable resources have become an economically viable
alternative to traditional materials**. They are very attractive
materials as alternatives to fossil-based polymers, especially
when used as large-scale commodity plastics. Research on
conventional or new polymers made from renewable resources
has exponentially expanded worldwide' and some products
have reached the shelves'~.

Green plastics differ from traditional plastics in terms of
sustainability, since they help reduce greenhouse gas (GHG)
emissions along the production chain. The cultivation of
sugarcane, which sources green polyethylene (PE) production,
also aids in the capture and sequestration of carbon, which
contribute to climate change mitigation. From sugarcane
cultivation to the production of green PE, each kilogram
of green polyethylene produced captures about 3.09 kilos
of CO, (the life cycle assessment of green PE), which is a
calculation that considers the CO, gains and losses in all
stages of the production process®. The importance of green
plastic is demonstrated in a comparison to previous data on
naphtha, a traditional polyethylene. Green PE is the first
certified plastic made from a renewable source worldwide,
making the petrochemical industry a pioneer in this field.

* e-mail: elmo.araujo@ufpe.br

However, green plastic is not necessarily a biodegradable
polymer, since they have a long time to degrade in natural
environment compared to biodegradable plastics. Green
production of plastic materials arise new concepts, as
sustainable supply-chain management (SSCM). SSCM, in
general, involves aspects of business sustainability (economy,
society, environment, etc.) and supply-chain management
(SCM)*. Thus, debates on innovation, sustainable development
(SD) and SSCM provide information for modifications
on petrochemical production chain strategy, recently, that
include the use of raw materials, as renewable energy,
for green plastic production'®'". In addition, the concept
of sustainable development include the idea that social,
economic and environmental problems should be analyzed
jointly, allowing for interfacing'*'¢.

Most commercial bio-based polymers derive from
agricultural feedstocks such as sugarcane, corn or potatoes.
Afumex® green, a chlorine-free flexible cable (Prysmian
-Brazil), is commercialized as having biopolyethylene
produced from sugar obtained from sugarcane juice as
electrical jacket and insulation materials.

Jacket or insulation materials used in electrical cables and
wires are frequently made of polymer composites containing
large quantities of flame retardant compound, for instance
EVA jacket contain ~40°wt% of AI(OH),"", and additives as
stabilizers and pigment. Older Nuclear Power Plant (NPP)
facilities use poly(vinyl chloride) (PVC) coated wirings'®".
Other protective polymers include crosslinked polyethylene
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(XLPE, ethylene-propylene-based elastomers (EPR, EPDM),
chlorosulphonated polyethylene (CSPE), or poly(ethylene
vinyl acetate) (EVA)*. In modern NPPs, halogen-free cable
and wire materials are preferred as there are concerns about
toxic fume emissions in the event of a fire®.

Polyethylene is known for undergoing crosslinking
when exposed to ionizing radiation, due to its molecular
structure to be prone for this radiolytic effect’'-?. Catari
and co-workers** observed long-chain branching and/or
crosslinking effects on gamma-irradiated neat linear low-
density polyethylene (LLDPE) at dose range of 15 —200 kGy,
by melt flow index (MFI) measurements. MFI decreases
with increasing absorbed dose, which indicates formation
of crosslinking between main chains. This effect promoted
reduction in initial degradation temperatures (T ) and
activation energy (E ) at higher doses (100 and 200 kGy),
which characterizes thermal stability decrease of the polymer
material*.

In this work, we assessed radiolytic effects on commercial
polymer composites fabricated with green LLDPE. Thermal
and mechanical evaluations performed in these composites
exposed to up to 1000 kGy absorbed dose suggested that
they are radiostable enough to withstand service conditions
in NPPs, thus, presenting good potential as materials for
electrical cable jackets/insulators.

2. Experimental

2.1 Sample Preparation and Gamma Irradiation

Electrical cables (Afumex™ Green - PRYSMIAN
—-BRAZIL)* with 4 mm? nominal cross-section, isolation
tension of 450/750 V were cut into 1m long pieces, winded
and braced to fit the irradiator chamber (non-attenuated “Co
source Gammacell GC220 Excel irradiator - MDS Nordion,
Canada). Irradiation doses were of 60, 250, 500, and 1000 kGy
in air, dose rate 0of 0.61 Gy.s™!, at room temperature (~ 300 K).

In this work, a green LLDPE grade SLH218 was used.
It is a LLDPE hexene copolymer. It shows a good balance
between optical properties, mechanical properties, sealability
and processability. Very low gel content. The minimum
biobased carbon content of this grade is 84%, according to
the supplier. It is used in medium and low voltage insulation
of electrical wire and cables.

After irradiation, the cables were cut into 150 mm long
pieces, slited lengthwise with a craft knife, and jacket/
insulator sleeves were carefully stripped off with minimum
deformation. For tensile testing the sample dimension was
4 mm width, 50 mm length at measurement area, following
Boguski et al'’.

2.2 Thermal Analysis

Termogravimetry Analysis (TGA) (Simultaneous TGA/
DSC2 STARe thermoanalyzer- Mettler Toledo-Switzerland) in
jacket/insulator sleeves was done in 70 microliters aluminum
oxide crucibles, under N, (~99.5%) or O, (~99.5%) atmosphere
(50 mL.min! flux), heating rates of 10, 30 or 50 °C.min"! in
the 30-500 °C temperature range.
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2.2.1 Activation energy (E ) calculations by
isoconversion methods

A wide range of methods for calculating the activation
energy (E ) of pyrolysis reactions were proposed***®. Some
of these methods require the determination of temperatures at
which an equivalent stage of the pyrolysis reaction takes place
for different heating rates (B), and are called isoconversion
methods. The equivalent stage, also called fixed or identical
stage, is defined as the stage at which a fixed amount or a
fixed fraction of the total amount is transformed*.

In general, it is assumed that conversion rate () during a
pyrolysis reaction is the product of two functions: conversion
fraction f(x) and temperature k(7) according to Equation 1%,

d
szx:f(x)k(T) (1)
t
k(T) is a temperature dependent function that usually follow
an Arrhenius-type equation:
k=kyexp(-E, / RT) )

where k, is a coefficient that depends on pyrolysis reaction
kinetic model; E, is the activation energy, and R is the
universal gas constant (0.0304 J.mol'.°C).

Conversion fraction x is given by Equation 3:
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where w, and w, are sample weights at the beginning and
at the end of the observed weight loss event, respectively,
and w, is the sample weight at a given time .

Some isoconversion methods are based on mathematical
approximation of the temperature integral, as given in
Equation 4. Here, we use isoconversion methods which
require dataon T /(B) only. These integral methods are named

p(y)-isoconversion methods?.
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where y = E /RT; v, = E/RT 5T, is the temperature at an
equivalent (fixed) state of transformation; and P is the
heating rate (d7/df).

p(y)-isoconversion methods replace the Arrhenius integral
(Equation 4), right side) by mathematical approximations,
regardless the type of f{x). In other words, these methods
are independent of the mathematical model assumed for
the transformation reaction kinetics used to calculate E 7.
Thus, for simplicity, we isolated the temperature integral
from Equation 4:

p(W)%Z%dy ©)

Mathematical approximations for Equation 5 follow a
general approximation model described by:

p(y);%}(y”;) (6)

Here, the values of &, 4 and B can be optimized by minimizing
the deviation between the approximation function and the
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exact integral®’. By taking the logarithm of Equation 4 and
using Equation 6 one obtains:

¥ dx kE, 1
lnj 2 ()t In(——)— Ay, +B (7
o) R T

This leads to the Equation 8, at constant conversion
fraction x*7:

By 4 Ea
ln(lef)— ARTf+c )

E, is easily determined from the slope of the In(5/ T;f)
versus 1/ T curve. C is a constant independent of 7 and B,
and R is the universal gas constant (0.0304°J.mol'.°C).
Table 1 shows three traditional isoconversion methods and
their mathematical approximations of Arrhenius integral to
determine E_ from Equation 8.

In this work, to calculate E, we used the Starink method
which performed the integral-mathematical approximation
on the best accuracy?’.

The methods presented into Table 1 are all independent
from pyrolysis reaction kinetic model, i.e., function f{x).
Have been reported by some researchers®”* which pyrolysis
reaction mechanisms might changing with different heating
rates, leading to shifts in TGA curves. In addition, inefficient
heat transfer may produce large differences between furnace
and sample temperatures. Alterations in thermal data with
heating rate might also be caused by the random nature of
pyrolysis processes®’. Thus, the use of pyrolysis kinetic
model-independent isoconversion methods is a suitable way
of circumventing such hurdles.

2.3 Fourier Transform Infrared (FTIR)
Spectroscopy Analysis

FTIR analysis were performed in a FTIR-4600 Jasco
Spectrometer (Japan) equipped with an Attenuated Total
Reflection (ATR ProOne) accessory, ZnSe crystal, incident
angle 45° in the center, circular contact area of 4.9 mm?.
Experiments were run in 32 scans, at 4 cm™' resolution, in the
4000-400 cm™ wavenumber range, under normal atmosphere.

2.4 Tensile testing

Samples were tested in quadruplicate for mechanical
performance (Shijin WDW-E Mechanical Tester, Jinan
Time Trial Testing Machine Co. China), in order to evaluate
gamma irradiation effects on green LLDPE jacket/insulator.

Tests were performed at room temperature (~300 K),
using crosshead speed of 50 mm.min'. Tensile stress (TS),
Elongation (E% = [(L-L)/L ]100, L, and L are the original
and at any time distance between gage marks, respectively)
and Young Modulus (YM) was determined according to
ASTM D1248* and ASTM D638*.

3. Results and Discussion

3.1 Thermal degradation of LLDPE

Figure 1 show TGA and DTGA thermograms of unirradiated
green LLDPE composites (heating rate of 10 °C.min’") under
N, or O, atmospheres. It is clear that pyrolysis reactions
are accelerated by oxygen. The thermal parameters: T
(initial degradation temperature), T (maximum-rate
degradation temperature) were lower in experiments under
O, flux, whereas R (mass-loss maximum rate) presented
value higher compared to samples assayed in N, (Table 2).

Figure 2 shows thermogravimetry analysis (TGA)
for unirradiated and gamma-irradiated green linear low
density polyethylene (LLDPE) composite carried out at
10 °C.min"" heating rate under N, and O, atmospheres.

The influence of O, atmosphere in decreasing thermal
stability leads pyrolysis to occur at lower temperatures
and in a much faster way. R __values are at least 5.8 times
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Figure 1. Thermogravimetry and Differential Thermogravimetry
analysis (TGA and DTGA, respectively) results for unirradiated
green linear low density polyethylene (LLDPE) composite carried
out at 10 °C.min" heating rate, under O, and N, atmospheres.

Table 1. Parameters 4 and k from Equation 8 for p(y)-isoconversion methods.

Method p(y)-approximation A k Reference
Starink
Starink (y)= exp(-1.008y —0.312) 1.008 1.92 27
p(y)= 192
y
Murray and White
Kissinger-Akahira-Sunose (KAS) ( )z exp(=y) 1 2 28-30
p\y)= 5
Doyle
Flynn-Wall-Ozawa (FWO) 1.0518 0 31-35

p(y)=exp(-1.0518y —5.330)
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Table 2. Thermal degradation parameters of unirradiated or gamma-irradiated LLDPE at 60 kGy or 250 kGy dose in O, or N, atmospheres.

Heating rate of 10 °C.min™'.

R (% mass- loss.

Atmosphere Dose (kGy) T .. CO T, O max min") Entry
unirradiated 384 457 10 1
Nitrogen 60 390 462 12 2
250 391 461 12 3
unirradiated 368 371 58 4
Oxygen 60 374 376 113 5
250 384 398 60 6
110 110
100 100 - b
i
90 90 —:\\
g g 60 kGy : \‘
g 804 @ 80 P
g 2 AN
f;:;,. 70 & 704 / : 250 kGy
= = unirradiated :
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Figure 2. Thermogravimetry analysis (TGA) results for unirradiated and gamma-irradiated green linear low density polyethylene (LLDPE)
composite carried out at 10 °C.min"" heating rate under a) N, and b) O, atmospheres.

higher for samples assayed under O, in all absorbed doses,
highlighting the strong influence of oxidative processes.
On the other hand, it is noted that gamma-irradiation does not
markedly change the thermal parameters (T, T, ,R_)of
LLDPE under N, flux (without oxidative process) (Table 2,
Entry 1-3). Nevertheless, TGA experiments of LLDPE under
O, flux at 250 kGy dose, show some increase in thermal
stability in comparison with unirradiated samples, as T
and T are lower for the later (Table 2, Entries 4 and 6),
suggesting increase in molecular structure stability, possibly
due to elimination reactions of oxygenated side groups by
radiolysis, followed by formation of less labile groups, such
as main chain conjugated double bonds (see section 3.3) or
crosslinking reactions®'. Figure 2b shows that T _ shifts
toward higher temperature when samples are irradiated
at 250 kGy under O,, suggesting that radiation-induced
crosslinking structures difficult the thermo-oxidative process
which take place on polymer system.

Catari et al.** investigated radiation-induced crosslinking
effects on neat LLDPE at dose range of 15 — 200 kGy, by
Melt Flow Index (MFI) measurements. They did not observe
significantly change in T and E, in pyrolysis reactions
(under N, flux) for neat LLDPE at dose up to 50 kGy, but at
doses of 100 and 200 kGy, these parameters decreased 7%
and 18%, respectively, probably due to crosslinking excess.

In contrast, radiation-induced crosslinking reactions
might also promote increase in thermal stability of LLDPE
composites, which seems to be the case in this work. In fact,

radiation-induced crosslinking and main chain scissions effects
depend on molecular structure of the polymer, but industrial
processing features also influence on the predominance of
one effect over the other.

3.2 Activation energy calculations

Activation energy (E ) for LLDPE was calculated by
Starink method using TGA data, at the heating rates of 10,
30, and 50 °C.min"'. Figure 3 shows plot In (B/T"%?) versus
1/T for unirradiated LLDPE, at single conversion rate of 0.5.
Here, by straight-line declination, it was possible to obtain
of 41.8 kJ/mol and 40.4 kJ/mol for E, at N, and O, flux
respectively. Additionally, values of E  for different conversion
fraction x (0.2 — 0.8) for unirradiated green LLDPE (under
N, and O,) were determinate (Table 3).

Average E  values determined for unirradiated LLDPE
were 42.7+4.2 (under N,) and 40.1 2.0 (under O,) kJ.mol"".
These values are in agreement with the literature, which
presented values in the range 63 to 75 kJ.mol"! measured for
several thermally-aged cable materials®. It is worth noting
that thermo-oxidative processes did not significantly affect E .
However, activation energy increased from 42.7 kJ.mol"! to
72.8 kJ.mol! and 67.0 kJ.mol"!, when LLDPE composite is
irradiated with 60 kGy and 250 kGy, respectively, in TGA
experiments at N, flux (Table 4). This increasing of ~70%
on E_ values in doses of 60 and 250 kGy were attributed
to radiation-induced crosslinking effects which improved
polymer-matrix thermal stability. Similar effects were observed
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in irradiated neat polyimide (PI) with protons (62 MeV) at
dose rage of 10— 80 kGy*. In contrast, Catari et al.>* pointed
out no significant changes in E, for gamma-irradiated
LLDPE at doses of 15 — 50 kGy, and decrease in E_ at
doses of 100 and 200 kGy. In addition, E_ under O, also
increased for gamma-irradiated LLDPE composite with
values of 40.1 kJ.mol"! (unirradiated), 51.4 kGy (60 kGy),
and 112.5 kGy (250 kGy).

Table 3. Activation energy (E ) at conversion fraction x (0.2 —0.8)
for unirradiated green LLDPE. TGA experiments carried out at 10,
30 and 50 °C.min"' heating rates under N, and O, atmospheres, by
using Starink method?’.

Conversion x E, (kJ/mol) N, E, (kJ/mol) O,
0.2 39.5 43.1
0.3 38.2 41.5
0.4 38.7 41.0
0.5 41.8 40.4
0.6 44.7 39.1
0.7 47.1 38.2
0.8 48.8 37.4
42.7+4.2 40.1 +£2.0

Table 4. Average activation energy, E , calculated by isoconversion
Starink method?’ at heating rates of 10, 30 and 50 °C.min’!, at
conversion fraction x of 0.2 — 0.8.

Activation
Atmosphere  Dose (kGy) energy Entry
(kJ.mol")
Nitrogen 0 42.7+42 1
60 72.8+4.6 2
250 67.0+1.7 3
Oxygen 0 40.1 +2.0 4
60 51.4+34 5
250 1125+ 11.6 6
5
5 -
g
=
£ g
5 b
9
-10 . : . ‘
0,0020 0,0022 0,0024 0,0026
1T (°C)

Figure 3. Calculation of activation energy by Starink method from
plot In (B/T"*?) versus 1/T come from thermogravimetry analysis
(TGA) for unirradiated LLDPE composite carried out at 10, 30
and 50 °C.min"! heating rates () and conversion rate x = 0.5 only,
under a) o N, (E, = 41.8 kJ/mol; r* = 0.995) and b) e O, (E, =40.4
kJ/mol, r* = 0.989) atmospheres.

3.3 FTIR spectroscopy analysis

FTIR spectra of unirradiated or irradiated green LLDPE
are shown in Figure 4. Absorption bands attributed to LLDPE
could be seen peaks at 2916 and 2848 cm' corresponding,
respectively, to asymmetric and symmetric stretching of
-CH,- groups, the peak at 1434 cm™ assigned to bending
vibrations of -CH,-, and the peak at 715 cm™ assigned to inner
rocking vibration of -CH,- in the amorphous polymer phase.
In contrast, the strong and sharp peak at 3693 cm’!, attributed
non-hydrogen bonding hydroxyl stretching vibration might
come from additives or fillers, such as hydrated aluminum
oxide. Carbonyl stretching at (1734 cm™), and C-O stretching
vibrations (around 1100 cm!, also present in FTIR spectrum
are probably from additives, as well.

High energy ionizing radiation causes alterations in
the polymer chemical structure through mechanisms like
crosslinking, chain scission, oxidation, and/or formation of
double bonds*7, Figure 5 shows some these mechanisms
on irradiated polyethylene suggested by Bracco et al.*.
In FTIR spectrum of gamma-irradiated green LLDPE, a
peak at 1585 cm™! assigned to C=C bond was identified.
In general, C=C peaks appear in higher wavenumber
(from 1640 to 1670 cm™), but when C=C is conjugated, an
intense peak appears in lower wavenumber*. This implies
that conjugated double bonds are generated after gamma
irradiation on green LLDPE, as a result of elimination
reactions of allyl hydrogens.

Transmittance (u.a.)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm")

Figure 4. FTIR spectra of unirradiated or gamma-irradiated at 250
kGy green LLDPE (jacket outer surface) in air, at room temperature.

wCH—CH=CH~» + PE
H 7 ‘+ R™ and transfer
42 +ebeam 1z CHZ* Ty
o Lotem
X\i ~CHy CH—CHpv — 6 i
+P}\ 24CH; CH—CHgaw + Hy
R")

5 CHCH=CH—CH+ H,

Figure S. Initiation reaction by high energy radiation on polyethylene.
Adapted from Bracco el at*’.
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3.4 Tensile testing

According to Charlesby?!, linear polymers with structural
units of (-CH,-C(R)H-), i.e. hydrogen atoms bonded
to tertiary carbons have higher probability to undergo
crosslinking under ionizing irradiation. C-H bond is broken
by loss of a binding electron, resulting in radical structures
and consequent crosslinking between main chains. As a
result, crosslinking frequently promotes increase in Young
Modulus (YM) and tensile stress properties by increasing
molecular stiffness. However, radiation-induced effects on
polymer composites used in applications as cable and wire
jackets/insulator are complex phenomena. Green LLDPE
composite samples investigated in the present work are
used as jackets for low voltage power wiring (< 1 kV).
In addition, these jackets contain additives, such as fillers,
antioxidants, stabilizers, flame retardants or pigments that
might influence in mechanical behavior of the polymer
matrix. Figure 6 shows YM and tensile stress properties as a
function of absorbed gamma radiation dose on green LLDPE.
No significant changes in these properties are observed for
gamma-irradiated green LLDPE until 150 kGy. It is quite
probable that additive components present in the polymer
composite system promote some radiolytic stabilization in
the molecular structure. After 150 kGy, both mechanical
properties drastically decrease, due the high intensity of
gamma radiation energy transferred to the polymer system,
causing radiolytic degradation.

In general, elongation at break is the benchmark property to
assess suitable low-voltage power cable performance in NPPs,
since the structural integrity of the material, and therefore its
functionality, is usually verified through its elasticity over
time*. For monitoring the mechanical degradation induced
by aging for radiation and/or heat exposure in the NPPs
environment, it is recommend the evaluation of elongation
at break as a function of irradiation dose and temperature.
Current standards suggest that elongation values of 50%,
absolute or relative, must be used to define electrical cables
and wire end-of-life*. Electrical cables and wires These
components used in NPPs are exposed to gamma irradiation
in dose rate of approximately 0.3 10 Gy/s (or 1 kGy/year)>’.
A NPP has an average 40 years operation lifetime, which
gives an absorbed dose of ~ 40 kGy in all material under
these operation conditions. However, accelerated ageing
tests are performed in order to monitor mechanical cable
degradation. In general, ageing studies are carried out at
higher temperatures and/or higher dose rates than those seen
in actual operation services®.

Figure 7 shows elongation at break as a function of
absorbed dose for “green” LLDPE composites. Experimental

Materials Research

data of elongation at break versus irradiation dose fitted
properly to an exponential model with parameters shown
in Table 5. Thus, 60.9% elongation at break is 50% of
elongation of unirradiated sample that corresponds to
absorbed dose of ~ 91 kGy, following the exponential model
fitted for the experimental data. Thus, 91 kGy is the dose
to equivalent damage (DED) for green LLDPE elongation
at break decrease to 50% of the initial value (unirradiated
sample). This absorbed dose correspond to as twice as

Tensile stress

60

‘Young Modulus (MPa)
N
@
Tensile stress at break (MPa)

20 4 Young modulus

0 200 400 600 800 1000 1200
Dose (kGy)

Figure 6. Young modulus and Tensile stress versus absorbed dose
for gamma-irradiated green LLDPE composite in air, at room
temperature.

50% Elongation (~ 91 kGy)

Elongation at break (%)
8

0 200 400 600 800 1000 1200
Dose (kGy)

Figure 7. Elongation at break versus absorbed dose for gamma-
irradiated green LLDPE composite in air, at room temperature.

Table 5. Statistic parameters of the exponential model for elongation versus dose fit.

Mathematical function Y,

b r?

y=yo+ae ™) 14.82148.387

107.037+11.079

0.009+0.003 0.949

Statistical tests

Normality test (Shapiro-Wilk)

Passed (P = 0.2564)

W Statistic = 0.8943 Significance level (<0.0001)

Constant variance test

Passed (P =0.0096)
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much of a NPP operation lifetime (~ 40 years). Therefore,
green LLDPE composites have great potential as jacket and
insulation of electrical cables and wire, directly competing
with CSPE, EVA, PVC, and others, as jacket material used
in nuclear power plants. It is understandable that the dose
rate of ~0.61 Gy.s™' used on this work, in accelerated studies,
is higher than that observed in actual service conditions
(~0.3 10* Gy.s"). However, the value of elongation at break
obtained with gamma irradiation accelerated ageing is a
good approach to evaluate the reduction of elongation at
50% absolute value recommended by TAEA®.

4. Conclusion

Gamma irradiation of green LLDPE composites promoted
increase in activation energy (E,) of pyrolysis reaction
under O, or N, atmosphere. Maximum degradation rate
(R,,) under O, was 5.8 times higher than N, atmosphere.
Combined effects of oxidative processes and radiolytic
events on green LLDPE composites were observed, with
shift to higher initial degradation temperature (T ) and
E, at absorbed dose of 250 kGy.

FTIR spectrum of gamma-irradiated green LLDPE
presented a new peak attributed to stretching vibrations
of conjugated C=C bonds (1585 cm™). Tensile stress and
Young Modulus did not change significantly until dose of
150 kGy, indicating that additive components might promote
radiolytic stability. On the other hand, elongation at break
decreased exponentially with increasing absorbed dose.
Elongation at 50% absolute of initial value (unirradiated
sample) was reached at 91 kGy (dose to equivalent damage),
suggesting that green LLDPE composite electrical jackets/
insulators have a good potential to be used in wiring material
in nuclear power plants.
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