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ABSTRACT: The mechanical behavior of two �-irradiated
linear polyethylenes was determined at 75 and 105°C under
tensile stress. Each polymer was crystallized from the melt
after different thermal histories so that samples would be
obtained with various degrees of crystallinity. Subsequently,
they were irradiated in vacuo and at room temperature to
total doses ranging from 20 to 200 kGy. The initial crystal-
linity, dose level, and test temperature determined whether
the samples displayed ductile, brittle, or transitional behav-
ior. The yield stress decreased as the temperature increased.
The value of the yield stress at a given temperature showed
a tendency to increase with dose; this became more evident
as the initial crystallinity increased. The extensibility of duc-

tile samples, estimated from the draw ratio after break,
decreased with the gel content. For ductile samples, the
temperature affected the values of this property when the
gel fraction that developed in the samples was relatively
low. The effect of temperature became less noticeable when
the gel reached values larger than 60%. The ultimate stress,
normalized with the crosslinking density, correlated with
the draw ratio after break in a way that resembled the type
of relationship observed in other crosslinked systems. © 2003
Wiley Periodicals, Inc. J Appl Polym Sci 88: 1925–1935, 2003
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INTRODUCTION

The thermomechanical stability of linear high-density
polyethylene is an important factor to be considered
when the polymer is used at high temperatures. It is
well known that at temperatures close to or above
70°C, its capacity to withstand deformation or stress is
severely impaired.1–6 Irradiation with high-energy
ionizing radiation is a treatment widely used to ex-
pand the range of temperatures within which linear
polyethylenes may be used and, therefore, to improve
their thermomechanical performance. Different works
dealing with the mechanical properties of �-irradiated
PE indicate that the tensile strength increases, the
resistance to environmental stress cracking rises, and
the creep properties are considerably improved.6–9

The enhancement of these properties is directly re-
lated to the intermolecular crosslinks that are pro-
duced by irradiation. It has been established that var-
ious factors exist that control the amount of crosslinks
generated by the radiation process.7,10–13 When the
irradiation is performed at temperatures close to room
temperature, that is, 25–30°C, the crystallinity level is
one of the factors that affects the efficiency of

crosslinking.10,13 In a previous study, we presented
results about the effect of the initial crystallinity on the
efficiency of crosslinking, as measured from sol–gel
relationships.13 In the same study, we reported the
consequences of irradiation on the tensile mechanical
behavior and tensile mechanical properties at room
temperature. This report is an extension of that work.
Here, we pay special attention to the effect of the
deformation temperature on the mechanical behavior
and mechanical properties of irradiated linear poly-
ethylene.

The mechanical behavior of irradiated polyethylene
has most extensively been studied either at room tem-
perature or at temperatures above the melting point of
the polymer.6,8,13–19 The information available on the
combined effect of the morphology and dose on the
tensile mechanical response of irradiated polyethylene
for the range of temperatures between room temper-
ature and the melting temperature, at which the poly-
mer still remains in the semicrystalline state, is very
limited.6,8,9 One of these studies reports the effect of
the morphology and irradiation dose on the drawing
behavior of a linear polyethylene at 75°C.9 No infor-
mation about the molecular structure of the irradiated
polymers is given in the article. Consequently, the aim
of this article is to provide additional information
about the tensile mechanical response of irradiated
linear polyethylene in a range of temperatures of prac-
tical significance; this may also be of value for under-
standing some aspects of the mechanical behavior of
this polymer. To accomplish this goal, we prepared a
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set of samples of two high-density polyethylenes with
crystallinity levels varying over a broad range. The
samples were �-irradiated with doses between 20 and
200 kGy. They were subsequently characterized in
terms of the changes in the molecular structure and
gel content. The mechanical behavior of the original
and irradiated samples was determined at 75 and
105°C under tensile force at a constant draw rate. The
yield stress and ultimate tensile stress (UTS) were
estimated from the stress–elongation curves. The
draw ratio after break (�b) was also measured. All the
mechanical parameters were analyzed as a function of
the initial crystallinity, dose level, and gel content.

EXPERIMENTAL

Materials

Two high-density linear polyethylenes supplied by
Du Pont de Nemours and Oxy Petrochemical were
used in this study. The polyethylenes termed PE1 and
PE2 had weight-average molecular weights (Mw) of
55,000 and 81,000, respectively. They were estimated
from size exclusion chromatography (SEC) according
to standard procedures. The polydispersity [weight-
average molecular weight/number-average molecular
weight (Mw/Mn)] was about 2.6 for both polymers.

Sample preparation

Films of the initial material were prepared by com-
pression molding at 150°C with a hydraulic press with
thermostatically controlled platens. The samples were
molded between 5-mm-thick aluminum plates lined
with aluminum film and held apart by 0.5-mm-thick
aluminum spacers. After molding, the samples were
allowed to reach the semicrystalline solid state accord-
ing to different procedures:

1. The first set of samples, denoted IWQ, was ob-
tained by the quenching of samples of both poly-
ethylenes to the temperature of ice water.

2. The second set was prepared by the slow cooling
of samples to ambient temperature, with the
samples kept between the press platens; these
samples were named SCP.

3. For PE2, a third set was obtained by samples of
PE2 being allowed to cool down to room temper-
ature out of the press; these samples were labeled
SCA.

4. The next group of samples was prepared by the
quenching of PE1 at 110°C; this set was denoted
I110.

5. The last group was obtained by isothermal crys-
tallization at 127°C of PE2; these samples were
named I127.

The sample code is summarized in Table I.

Sample characterization

The degree of crystallinity of the samples was esti-
mated from measurements of the enthalpy of fusion
with a PerkinElmer DSC-2 calorimeter calibrated with
an indium standard. The fusion endotherm was ob-
tained at a heating rate of 10°C/min. The area of each
endothermic peak was delimited by a straight line
drawn from the onset to the end of melting and was
measured with a planimeter. The degree of crystallin-
ity was calculated with 69 cal/g for the enthalpy of
fusion of completely crystalline polyethylene.20 The
average crystallinity measured for each set of samples
is presented in Table I.

The heat of fusion of the irradiated samples was also
determined. We observed no substantial differences in
the heats of fusion between the irradiated sample and
the corresponding parent sample beyond the experi-
mental uncertainty.

Irradiation procedure

Dumbbell-shaped samples with a gauge length of 12
mm, a thickness of about 0.5 mm, and a width of 4 mm

TABLE I
Gel Content of the Irradiated Samples with Different Levels of Crystallinity as a Function of Dose

Dose
(kGy)

PE1 PE2

Sample code
(crystallinity, %)

Sample code
(crystallinity, %)

IWQ
(61.4)

SCA
(73.0)

I110
(80.0)

IWQ
(57.5)

SCA
(68.0)

SCP
(78.0)

I127
(82.0)

Gel (%) Gel (%)

0 n/d n/d n/d n/d n/d n/d n/d
20 n/d n/d n/d n/d n/d n/d n/d
50 9.0 5.3 n/d 38.5 32.0 20.0 13.5

100 40.0 34.0 19.0 66.0 62.5 37.0 21.5
200 70.5 62.5 35.0 80.0 73.5 62.5 42.0

n/d � not detectable.
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were cut from the films and inserted into glass tubes.
The tubes were evacuated to 10�4 Torr for 2 days and
then sealed off. Subsequently, these samples were ex-
posed to �-rays generated by a 60Co source at room
temperature. The dose rate was 3.3 kGy/h, which was
determined by dosimetry with a radiochromic thin-
film dosimeter.21 Equal total doses of 20, 50, 100, and
200 kGy were applied to each set of samples. The dose
error was estimated to be �10%. After irradiation,
samples were stored in vacuo at room temperature for
1 week before the tubes were opened for sample char-
acterization.

Sample analysis

The gel fraction was determined by the extraction of
the soluble portion of the different samples with xy-
lene at 125°C. The extraction was performed by about
30 mg of each sample being placed into a basket made
from a stainless steel mesh. Then, the baskets were
immersed in hot xylene for periods of 6 h. After each
of these periods, the samples were dried in a vacuum
oven at 60°C to a constant weight. The extraction was
considered complete when, after two consecutive pe-
riods of extraction, there was no detectable change in

the weight of the dried gel. The total time of extraction
varied from 36 to 48 h, depending on the sample. The
solvent was exchanged for fresh solvent between each
consecutive extraction. The percentage of gel reported
is from an average of three samples. The standard
deviation was about 3%. The samples irradiated to a
dose below the critical point were analyzed by SEC
according to standard procedures.

Mechanical behavior

The uniaxial tensile behavior of the dumbbell-shaped
specimens was determined at 75 and 105°C with an
Instron tester equipped with an environmental cham-
ber. The draw rate was 20 mm/min. Specimens were
equilibrated for 5 min at the appropriate temperature
before testing. For the measurement of �b, ink marks
placed 2 mm apart were drawn on the deformation
zone of the sample. The reported stress was the engi-
neering stress, which was conventionally defined as
the force divided by the initial transversal area.

The yield stress was obtained from the maximum
stress observed in the stress–elongation curves at low
deformation levels, such as those shown in Figure 1. �b

was obtained from the relationship between the final

Figure 1 Stress–elongation curves for SCA and SCP samples of PE2 at 75°C. The dose (kGy) is indicated beside each curve.
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spacing of the ink marks measured after break and
their initial spacing. The UTS was estimated from the
ultimate force divided by the initial transversal area
and multiplied by �b. The reported values of the dif-
ferent properties were obtained from a average of five
to seven samples. The standard deviation of the data
was about 2–7% for the yield stress, 2–5% for �b, and
10% for UTS.

RESULTS AND DISCUSSION

Sample characterization

The crystallinity levels of the samples that were stud-
ied in this work, together with the amount of gel
developed upon irradiation, are given in Table I. The
gel results were already reported in a previous publi-
cation.13 We include them here for the purpose of
facilitating the analysis of the mechanical results.
These data indicate that the evolution of the gel con-
tent with the dose depended significantly on the initial
crystallinity of the sample. At a given postgel dose, the
gel content decreased as the crystallinity level of the
sample increased. In addition, at doses below the gel
point, Mw rose more rapidly for the samples with
lower contents of crystallinity, as can be observed
from the results presented in Table II. The values of
Mw were estimated from an analysis of SEC chromato-
grams. It was assumed that the polymer had a linear
molecular structure; that is, branching was not taken
into account. For this reason, the reported molecular
weights should be lower than the true ones, and these
results are only valuable for the purpose of comparing
the different samples. The gel and Mw data indicate
that the gel point was located in the dose range of
30–50 kGy for PE1 and in the dose range of 20–40 kGy
for PE2. The critical dose for gel formation increased
with the crystallinity for each polymer.13

The reduction in the efficiency of crosslinking with
crystallinity was attributed to the scavenging of im-
mobilized free radicals by oxygen, which took place

when the samples were exposed to air during their
manipulation for characterization.13

Stress–elongation curves

Figures 1 and 2 present the nominal stress–elongation
curves for some selected samples. They were chosen
as examples to illustrate the effect of the crystallinity,
dose, and temperature. In what follows, we use the
classification given by Popli and Mandelkern22 to
identify the mechanical behavior of polyethylene.
Therefore, we grouped the mechanical behaviors into
three possible types: ductile, brittle, and transitional.
The ductile behavior was characterized by a yield
zone at low deformation followed by drawing with no
significant changes in the nominal stress. Then, the
samples either broke apart or showed strain harden-
ing that was distinguished as an upturn in the stress
before the breakage. The transitional samples showed
a yielding zone in which a neck formed; after that, the
samples broke apart because the deformed material
was not able to sustain the drawing stress. The brittle
samples broke at the yield point or immediately after
yielding.

Figure 1 includes the stress–elongation curves ob-
tained for the nonirradiated and irradiated SCP and
SCA samples of PE2. They were chosen to illustrate
the mechanical behavior exhibited at 75 and 105°C by
all the samples of both polymers, except the I110 and
I127 samples. In all the cases, the neck that was formed
after yielding did not travel throughout the entire
deformation. The samples break broke apart because
the already deformed material was not able to sustain
the drawing stress.

The mechanical behavior of the I127 and I110 sam-
ples, which had the highest crystallinity levels, was
brittle at both testing temperatures. The samples broke
at the yield point or immediately after passing this
point (the stress–elongation curves are not shown).

The irradiation of the IWQ, SCP, and SCA samples
induced ductility. As can be seen in Figure 1, the
mechanical behavior changed from being transitional
to ductile. All the irradiated samples displayed yield-
ing followed by a strain-hardening process. A rather
marked difference in the strain-hardening pattern
among the irradiated samples was observed. The in-
creasing slope of the last part of the stress–elongation
curves with irradiation clearly showed that the
strength of the samples grew with the applied dose. In
addition, the upturn in the last part of the stress–
elongation curves set in at a smaller elongation as the
dose increased. These observations could be linked to
the growth in the molecular weight with irradiation
below the gel point and to the increase in the gel
amount with the dose above that point. The shift
toward lower elongation of the onset of the upturn in
the stress and higher slopes in the terminal part of the

TABLE II
Effect of the Dose on the Average Molecular Weights of

Irradiated PE1 and PE2 Samples Below the Gel Point

Sample

PE1 PE2

Dose (kGy) Dose (kGy)

20 50 20

Mw Mn Mw Mn Mw Mn

IWQ 92,000 19,500 — — 161,000 34,000
SCA n/a n/a 125,000 23,000 143,500 25,500
I110 82,000 23,300 118,500 22,000
SCP 129,000 30,000
I127 110,000 26,000

n/a � not available.
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stress–elongation curves with the amount of gel has
been observed experimentally in various crosslinked
systems.1,9 The molecular entanglement, which was
enhanced by the growth in the molecular weight and
branching that occurred during the initial part of the
irradiation, helped to reach larger elongation levels,
but soon after a molecular network formed and the
crosslinking increased, the extensibility was severely
limited.

The stress–elongation curves presented in Figure 1
allow a comparison of SCA and SCP samples of PE2,
which had different degrees of crystallinity. Although
the yield region is not clearly distinguished in the
figure, the SCA yielded at a lower stress than the SCP
at the same dose. The difference in the yield stress is
discussed in the next section. The most significant
difference between the curves is in the region beyond
the yield. The irradiated SCA shows a larger stress
slope and stress at break than the SCP sample at a
given dose. This may be associated with the fact that
the SCA sample developed a larger amount of gel
[large crosslinking density (xe)] than the SCP samples
at a given dose level.

Ductile samples with about the same gel amount dis-
played a similar slope of the terminal zone of the stress–
elongation curves. They showed a similar slope before
breaking and broke at about the same stress level. An
example is presented in Figure 2, which displays a set of
nominal stress–elongation curves obtained at 75 and
105°C for the SCP and SCA samples of PE2 with a gel
content of about 62%. The corresponding curve, ob-
tained at 25°C, is also included in Figure 2 to better
illustrate the effect of temperature on the stress–elonga-
tion pattern. It is clearly noticeable that the stress level at
which the deformation proceeded decreased with the
temperature. For the SCP sample, there was a change
from brittle behavior to ductile behavior as the temper-
ature increased. The SCA sample, which was ductile at
all temperatures, displayed a decreasing stress at break,
whereas the maximum elongation seemed to pass
through a maximum. This type of evolution in the shape
of the stress–elongation curve with the temperature is
analogous to that observed in other crosslinked sys-
tems.1

The irradiation did not change the brittle character
of the mechanical behavior of the I110 and I127 sam-

Figure 2 Stress–elongation curves for SCA and SCP samples of PE2 with a gel amount of about 62%. The test temperature
is indicated beside each curve.
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ples, which had the highest levels of crystallinity.
Within the dose range studied, these samples dis-
played a brittle failure at all temperatures. These re-
sults clearly indicate that the initial crystalline struc-
ture plays an important role in the response of irradi-
ated linear polyethylene to tensile deformation. In the
following sections, we discuss some of the mechanical
parameters measured at low and high deformation
levels.

Yield stress

It is well documented that the yield stress of polyeth-
ylene is greatly affected by the crystallinity level and
temperature, increasing with crystallinity and de-

creasing with temperature.1–6,22,23 However, the effect
of the crystallinity becomes less noticeable as the tem-
perature increases. At a temperature very close to or
above 100°C, it has been found that there are practi-
cally no differences in the yield stresses of samples of
linear polyethylene with quite different levels of crys-
tallinity.3 The results for the yield stress presented in
Figure 3 are in agreement with those observations.
Figure 3 displays the nominal yield stress as a function
of the dose level for all the samples measured at both
temperatures that were tested. The yield stress values,
measured at 75°C, are arranged according to the initial
crystallinity level in the nonirradiated samples. The
higher the crystallinity was, the greater the value was
of the yield stress. At 105°C, the differences in the

Figure 3 Yield stress as a function of the dose for (A) PE1 samples and (B) PE2 samples: IWQ (circles), SCA (triangles), SCP
(squares), and I110 and I127 (diamonds). Open symbols and solid lines indicate a temperature of 75°C; filled symbols and
dashed lines indicate a temperature of 105°C
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values of the yield stress became less noticeable for the
samples of both polyethylenes. However, the samples
are still arranged according to their initial crystallinity.

In agreement with previous works, the irradiated
samples displayed yield stresses slightly higher than
those corresponding to the nonirradiated samples.9,13

The value of this property increased with the dose at
both temperatures. This effect seemed to be more sig-
nificant as the initial crystallinity of the sample in-
creased. For example, at 105°C, the yield stress values
of the I127 and I110 samples irradiated to 200 kGy
were roughly twice as large as the values correspond-
ing to the nonirradiated samples. By contrast, the yield
stresses for the IWQ samples irradiated to 200 kGy
were only about 20% larger than the corresponding
values of the nonirradiated samples. At this level of
dosage, the major effect was the introduction of
crosslinks and oxygenated species within the noncrys-
talline phase because it was expected that the irradia-
tion process would not significantly affect the crystal
core.10–12 Therefore, the increase in the yield stress
with dosage could be associated with the modification
introduced into the noncrystalline phase. These mod-
ifications affected the mechanical response of that
phase, mainly changing the stress level at which the
yielding proceeded in the irradiated samples.

�b

�b is one of the mechanical parameters that is normally
used to evaluate the magnitude of the changes pro-
duced by the irradiation process.1,6,14 The data for �b

are plotted against the dose level and gel amount in
Figures 4 and 5, respectively. The lines in these figures
were drawn with the purpose of indicating trends.
Figure 4(a) represents the data for PE1 samples,
whereas Figure 4(b) shows those for PE2 samples. In
these plots, we have arbitrarily assigned a value of �b

� 1 to identify brittle samples. To illustrate better the
effect of the temperature, we included �b for IWQ
samples tested at 25°C that were reported previous-
ly.13 As stated before, the initial samples displayed
either brittle or transitional mechanical behavior at 75
and 105°C. Transitional samples, which are identified
by the letter T in Figure 4, displayed �b values that had
large errors because they represented the average of a
broad distribution. The irradiation of the transitional
samples produced ductile samples, and this was man-
ifested as an increase in the value of �b at low dosages.
Then, �b decreased gradually as the dose increased.
This trend was observed for all the ductile samples
and tested temperatures.

The effect of the temperature on the draw ratio at
break was noticed for all dose levels, although it was
less noticeable for the samples with the lowest crys-
tallinity that were irradiated at the highest dose. �b for
the sample drawn at 75°C was larger than that corre-

sponding to 25 and 105°C. The evolution of �b values
through a maximum as the temperature increases has
been observed for various crosslinked systems and
also for nonirradiated linear polyethylenes.1,3,8 The
reduction in the extensibility indicated by the depen-
dence of �b with the dose may be associated with the
increases in xe. At low doses, the increase in the mo-
lecular weight and branching produced a molecular
structure capable of sustaining the drawing stress.
Therefore, the transitional behavior became ductile.
However, as pointed out previously, all the I127 and
I110 samples that were brittle did not change with
respect to this type of behavior after irradiation for the
ranges of doses and temperatures covered by this
work.

The effect of the crystallinity on the deformation
was further analyzed by the plotting of the draw ratio
at break against the gel amount, as presented in Figure
5. Here we have arbitrarily assigned a value of 2 for
the percentage of gel of those samples irradiated at
dose levels below the gel point to distinguish them
from the original samples. The dependence of �b with
the gel amount of all the ductile samples was similar
for the samples of both polyethylenes, in that its value
decreased continuously as the amount of gel in-
creased. The dependence of �b at 75°C with the gel
seemed to be roughly proportional to the gel content.
This implies that for completely crosslinked materials,
very low elongation levels could be expected.

When a comparison is made at a given gel amount,
it can be seen that the higher the initial crystallinity
was, the lower the draw ratio at break was. These
differences seem to vanish for a gel amount greater
than 50–60%. These results may be explained at least
partially by the effect of the oxidation and the plausi-
ble heterogeneity of the network formed. For about
the same amount of gel, the dose level had to be
increased as the crystallinity increased (see Table I).
Therefore, the oxidation level increased with the crys-
tallinity of the samples for a given gel amount.13 The
phenomenon of embrittlement due to oxidation has
been observed for various irradiated systems.16 How-
ever, when the crystallinity increases, the concentra-
tion of chain links within the noncrystalline phase
increases, and the spacing between links may change
in such a way that the capacity for sustaining a large
extension of this phase may be reduced.

UTS

Another property that we have analyzed is UTS, esti-
mated as mentioned in the Experimental section. For
ductile polyethylene, this property describes a maxi-
mum, for fixed testing conditions, when it is related to
Mw of the polymer.23 For crosslinked systems, UTS
also describes a maximum when plotted against xe.

1 In
addition, a correlation between the UTS and the max-
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imum draw ratio has been found if the values of the
former property are normalized by xe and reduced to
a common temperature.1 Following that idea, we ex-
plored the possibility of relating UTS and �b in these
irradiated samples. xe for each sample irradiated
above the critical dose was estimated theoretically
according to the proposal of Saito24 for an irradiated
polymer with an initial Wesslau type of molecular
distribution. This type of distribution well describes
the molecular weight distribution of the polyethylenes
used here. The gel amount developed for each sample
was used for calculating xe. We assumed that during
the irradiation chain scission was minimal and that a
gel fraction close to 1 could be reached if a sufficiently
high dose was applied to each of the samples. We

considered that the crystallinity merely reduced the
density of crosslinking that could be generated at a
given dose.

Figure 6 shows the UTS normalized by xe as a func-
tion of �b for the samples that displayed ductile be-
havior. It is rather surprising that the points corre-
sponding to all of the irradiated polymers fall closely
on a single curve for each tested temperature, within
the rather large experimental error characteristic of
tensile strength measurements. The lines in the figure
were drawn just to indicate general trends. The nor-
malized UTS grew as �b increased. It can also be
observed that the normalized UTS values decreased
with the temperature when compared at a given draw
ratio. We reduced the normalized UTS values to a

Figure 4 �b versus the dose for (A) PE1 samples and (B) PE2 samples: IWQ (circles), SCA (triangles), SCP (squares), and I110
and I127 (diamonds). Half-filled symbols indicate a temperature of 25°C, open symbols indicate a temperature of 75°C, and
filled symbols indicate a temperature of 105°C. For brittle samples, �b was 1. The lines connect the data for IWQ samples. T
identifies transitional samples.
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common temperature to build a failure envelope.
However, they do not superpose on a single curve
when plotted against �b in the same way as presented
in Figure 6. This may be expected to happen in these
irradiated polyethylenes.1,3 On the one hand, a strain-
induced crystallization mechanism has been consid-
ered to take place when polyethylene is stretched at
large deformation.3 On the other hand, separate fail-
ure curves are obtained in the temperature range in
which crystallization of a strain-crystallizing rubber
does occur during stretching.1

The data analyzed in the manner adopted here seem
to indicate that the relationship between the ultimate
properties and draw ratio is not related to the initial
crystallinity and polyethylene type as long as ductile
behavior is observed. They seem to be mainly depen-
dent on the fact that they correspond to a crosslinked
system. It is not the intention of this report to attempt
either to explain this interrelationship or to suggest

that it can be applied in a universal way. However, it
is worth mentioning that the breaking properties, as
seen in the failure envelope, seem to be independent
of the chemical nature of the crosslinked materials
over quite wide ranges of temperatures and strain
rates.1

CONCLUSIONS

The results obtained from this study demonstrate that
the tensile behavior of irradiated high-density poly-
ethylene depends on the initial structure, dose, and
temperature. The irradiation of ductile samples limits
the extensibility of the material. The ductility is im-
proved when transitional samples are irradiated at
doses below or just above the gel point. The irradia-
tion of brittle samples does not modify substantially
the characteristics of the deformation pattern when
the temperature is increased.

Figure 5 �b against the gel for (A) PE1 samples and (B) PE2 samples. For brittle samples, �b was 1. For the definitions of the
symbols, see Figure 4.
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The yield stress decreases as the temperature in-
creases. The values of the yield, at a given tempera-
ture, show a tendency to increase with dose that be-
comes particularly more evident as the initial crystal-
linity increases.

�b and UTS are substantially modified by irradia-
tion. For ductile samples, the temperature affects the
values of �b when the gel fraction developed in the
samples is relatively low. The effect of temperature on
this property becomes less noticeable when the gel
reaches values larger than 60%.

The UTS normalized with xe depends almost pro-
portionally on the draw ratio at break for each tem-
perature. Nevertheless, separate curves were obtained
for each temperature. The initial structure and type of
polyethylene do not seem to affect the relationship
between the ultimate tensile properties. Additional
experimental results are necessary to determine
whether this relationship holds for other irradiated
polyethylenes and test conditions.
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