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Effect of photooxidative ageing at natural conditions on dynamic
mechanical properties of PE-LD/PE-LLD blends

Summary — The blends of low density polyethylene with linear low density polyethylene and pure
polyolefins were blown for their use in agriculture. These films were stabilized with a commercial
Hindered Amine Light Stabilized (HALS). Blends with this stabilizer were photodegraded under
natural outdoor weathering conditions during two years. Photodegradation involves oxidation of the
polymer chain and causes modifications of the mechanical properties of the exposed films that were
monitored by dynamic mechanical spectroscopy. The mechanical relaxation spectra show the o, B and
y relaxation zones, in decreasing order of temperature. Their characterization was carried out using the
deconvolution method proposed by Charlesworth, together with the Fuoss-Kirkwood equation. The
results obtained for pure PE-LLD and PE-LD and their blends show that the storage modulus increases
as a function of the exposure time. The maximum storage modulus is reached at different exposure
times depending on the blend composition. The f relaxation zone is the most affected by weathering.
A new relaxation was detected between -85 °C and -75 °C, which was modified as a function of the
exposure time, and finally even disappeared. All the samples exhibit the same evolution, but at
different time scales. It has been found that after two years of exposure, the degradation of the
interfacial region is already initiated. The blends with 50 % of PE-LD are the most resistant to weather-
ing.

Key words: PE-LD/PE-LLD blends, photooxidation, dynamic mechanical properties, relaxation pro-
cesses.

WPEYW FOTOOKSYDACYJNEGO STARZENIA W WARUNKACH NATURALNYCH NA DYNA-
MICZNE WEASCIWOSCI MECHANICZNE MIESZANIN PE-LD/PE-LLD

Streszczenie — Przedmiotem badan byly mieszaniny polietylenéw malej gestosci (PE-LD/PE-LLD)
w pelnym przedziale ich skladu. Metoda dynamicznej analizy termomechanicznej (DMTA) okreslono
wplyw skladu i czasu ekspozycji (do 24 miesiecy) na przebieg fotooksydacyjnego starzenia tych
uktadéw w warunkach naturalnych (Hiszpania, tabela 1). Scharakteryzowano zachodzace w toku
starzenia zmiany modulu zachowawczego (E’, rys. 1), tangensa kata stratnosci (tgd, rys. 2) oraz
modutu stratnosci (E“, rys. 3). Na tej podstawie wyodrebniono trzy obszary relaksacyjne (a, B, v)
okreslajac ich przedzialy temperaturowe (tabele 2, 3, 4); w odniesieniu do nakladajacych sie obszaréw
relaksacji o i f zastosowano przy tym zaproponowana przez Charleswortha metode dekonwolugji
wraz z rownaniem Fuossa-Kirkwooda (rys. 4). Ustalono, ze zmiany spowodowane starzeniem uwi-
daczniaja sie najbardziej w obszarze relaksacji 8. Najodporniejsze na starzenie sa mieszaniny
zawierajace 50 % PE-LD.

Stowa kluczowe: mieszaniny PE-LD/PE-LLD, fotooksydacja, dynamiczne wtasciwosci mechaniczne,
procesy relaksacyjne.

Blends of polyethylenes with different branching de-
grees are commonly used in order to adjust the proper-
ties of these polymers, such as their modulus and tough-
ness, or to improve their melt properties during process-
ing. However, the miscibility or immiscibility of the
components might affect the mechanical properties as a
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result of their weak interfacial adhesion, which may
even induce severe degradation and reduce the service
life [1, 2].

Blends of low density polyethylene (PE-LD) with li-
near low density polyethylene (PE-LLD) and pure poly-
olefins were blown as films for agricultural applications.
A common drawback of these blends is their tendency to
oxidize when they are exposed to ultraviolet (UV) radia-
tion.
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Understanding how the mechanical behavior could
be affected by the oxidation of the blends under natural
conditions may provide useful information to re-
searchers and producers for the prediction of the service
life of these polymers.

In this paper, stabilized films of blends of PE-LD with
PE-LLD and of these two pure polyolefins were submit-
ted to photodegradation under natural weathering con-
ditions during two years. Photodegradation involves
oxidation of the polymer chain, produces chain scission
and modifies the mechanical properties of these blends.
These changes were monitored in this work by dynamic
mechanical thermal spectroscopy and related to the
PE-LLD content in the blends.

EXPERIMENTAL

Materials and samples preparation

The blends were prepared from two commercial
polyethylenes:

— Low density polyethylene (PE-LD) Escoren 182BA
(Exxon Chemical) with MFR = 0.8 g/10 min and density
=0.919 g/cm?.

— Copolymers of ethylene-co-octene (PE-LLD)
Dowlex NG 5056E (Dow Chemical, Tarragona) with
MFR = 1.1 g/10 min and density = 0.920 g/cm®.

Since polyolefins cannot be used outdoors without
the addition of suitable stabilizers, a high Hindered
Amine Light Stabilizer (HALS), which commercial label
is Chimasorb-119 (Ciba-Geigy), has been added in
a weight ratio of 1/1000.

Films of 200 pm thickness were processed using a flat
die extrusion unit with L/D = 25 (Dr Collin GmbH ex-
truder). Films of pure PE-LLD and PE-LD as well as of
PE-LLD/PE-LD blends with 15 %, 32 %, 50 %, 68 % or
85 % PE-LD weight content were prepared.

Weathering test

A natural weathering test was carried out during two
years at Aimplas (Paterna, Spain, 39°33“ North). Samples
were mounted on a special aluminum panel, facing
southwards with an angle of 45° to the normal, at 50 cm
from the ground and free from shadows. The films were
subjected to natural weathering conditions during one
and two years. Global horizontal sunlight, inclined
UV-radiation, wind horizontal speed and direction, tem-
perature, moisture and rain were measured near the ex-
posure panel during the test [3]. Table 1 shows a short
summary of the weathering condition during the expo-
sure time.

DMTA measurements

The degradation process of polyethylene blends can
also be studied by means of the characterization of their

Ta b)l e 1. Climatic data of Aimplas station (Metereolégica Aim-
plas)

First year
Month ™, °C | T™™,,,,°C | ™, °C f/}}e/ﬁ%’

July 26 31 18 803
August ) ) ) )

September 20 27 13 438
October 19 26 14 365
November 16 23 10 280
December 14 19 9 150
January 13 18 8 232
February 14 17 5 339
March 12 19 7 454
April 16 21 10 580
May 18 24 13 697
June 21 27 14 601

Second year

July 25 31 18 614
August 26 30 18 633
September 22 27 12 459
October 19 26 13 398
November ) ) ) )

December ) ) ) )

January 12 16 8 178
February 11 18 7 352
March K K K 523
April 16 21 10 596
May 20 25 14 681
June 24 29 17 710

Y T™M — monthly average temperature; TMuq.x — monthly average
temperature of daily maximums; TMui» — monthly average tempera-
ture of the minimums; Energy — received total incident energy.

" No data from this period (calibration and/or repair of the equip-
ment).

mechanical behavior. For this purpose, the complete re-
laxation spectra of all the samples have been obtained.
The viscoelastic properties were determined by means of
Mark II Dynamic-Mechanical-Thermal Analyzer
(DMTA) from Polymer Laboratories. Deformation was
applied in the cantilever double-clamping bending
mode. The storage modulus (E‘) and the loss tangent
(tand) were measured from -80 °C to 120 °C, at five diffe-
rent frequencies: 0.3, 1, 3, 10 and 30 Hz, with a heating
rate of 1 °C/min.

RESULTS AND DISCUSSION

Figures 1 and 2 show as examples, the relaxation
spectra of 85 % PE-LD blend, in terms of the storage
modulus (E’) and the loss tangent (tand), respectively, as
a function of temperature, for different weathering pe-
riods. Similar spectra have been obtained for pure
PE-LLD, pure PE-LD and the other blends. All these
spectra display three clearly distinguishable relaxation
zones, denoted o,  and y in order of decreasing tem-
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Fig. 1. Storage modulus (E’) of 85 % PE-LD blend at 1 Hz of
frequency after different exposure time
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Fig. 2. Loss (tand) of 85 % PE-LD blend at 1 Hz of frequency
after different exposure time

perature, in accordance with those referred by other
authors [4—38].

The storage modulus of all the samples initially in-
creases with the exposure time. However, the maximum
value of the storage modulus is reached at different
weathering times, depending on the blend composition.
For 85 % PE-LD and 32 % PE-LD blends, the maximum
storage modulus is observed after a weathering period
of 16 months. For 65 % PE-LD and 15 % PE-LD blends,
the maximum storage modulus is reached after 20
months. Only for the 50 % PE-LD blend, E’ value is still
increasing after 24 months of exposure time.

In a second stage, the storage modulus tends to de-
crease, although its values remain higher than that of the
original blend. This suggests that the material becomes
more brittle, as a result of the degradation process.

The mechanical spectra of all the samples in terms of
the loss tangent (tand) show a prominent and asymmet-
ric peak related to the o relaxation process. The shape of
this peak reveals that it results from more than one sin-
gle relaxation.

Other authors as well as ourselves have associated
the o relaxation to motions of the chain folds at the crys-
tal surface. These motions require some mobility of the
crystals, and are hence related to the crystallite thickness
distribution [6—8]. It has been shown in a previous
work that degradation modified the crystallite thickness
distribution of these blends [2, 3]. Mechanical results re-
veal the changes in the maximum temperature of the o
relaxation that can be related to this morphological beha-
vior, since this maximum increases as the thickness dis-
tribution increases.

On the other hand, the § and y relaxation processes
appear as small peaks in tand versus T spectra. Conse-
quently, their evolution with the exposure time can only
be slightly detected by means of these curves.

However, in the mechanical spectrum in terms of the
loss modulus (E“, Fig. 3), the P relaxation is a well-de-
fined absorption process, being the most significant re-
laxation. The o relaxation appears now as a small shoul-
der overlapped with P relaxation. A marked decrease in
its intensity at temperatures near to the melting can be
observed.
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Fig. 3. Loss modulus (E”) of 85 % PE-LD blend at 1 Hz of
frequency after different exposure time

Since the B and o relaxations appear as several over-
lapped relaxations, their characterizations were carried
out using the deconvolution method proposed by Char-
lesworth together with Fuoss-Kirkwood equation [9, 10].
This method considers that the experimental measured
values of E” are equal to the sum of each of the over-
lapped relaxations (E” = E“g + E“():

En: (Emax)l ++ (Emax)n
coshmlEa-(l—ll CoshmnEa.(l_l)
R (T, T, R [T, T,
1

Thus, by fitting the experimental data to the Fuoss-
-Kirkwood equation, the maximum of the loss modulus
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Fig. 4. Deconvolution applied to o.and B relaxations

E”max, the temperature of the maximum of the loss
modulus T,,,, and the term (mpgx E,/R) have been ob-
tained for each relaxation.

Figure 4 shows an example of deconvolution of the o
and f relaxations. This method was also applied to cha-
racterize the y relaxation. Tables 2, 3 and 4 display the
temperature of the maximum of the loss modulus (T},,,)
for each relaxation, as a function of the exposure time (0,
16 and 24 months, respectively) in relation to all the
blends, differing in compositions.

Table 2. Characterization of the relaxation spectra at 1 Hz of the
undegraded samples

Temperature of the maximum
Sample of the loss modulus, T,,,,, K
y relaxation f relaxation o relaxation
PE-LLD 150.8 210.0/253.9 293.3/322.1
15 % PE-LD 157.0 254.8 318.7
32 % PE-LD 148.2 197.2/255.8 291.3/321.5
50 % PE-LD 152.7 201.6/258.6 294 .4
68 % PE-LD 150.6 216.3/254.7 309.2
85 % PE-LD 146.9 201.4/256.2 312.8
PE-LD 144.6 252.2 319.4

The results show that the position of y relaxation
slightly changes as a result of the weathering. Since this
relaxation has been attributed to molecular motions in-
volving three to four methylene groups in the amor-
phous phase [4], it could be concluded that the degrada-
tion process affected the amorphous phase only in a
small extent. However, o and  relaxations are more af-
fected by weathering. Particularly, B relaxation that is

related to motions in the amorphous-crystalline interface
[5—7], is the most sensitive to this degradation process.
In P relaxation zone, a new relaxation was detected
around 190—180 K, which was modified as a function of
the weathering time, and finally even disappeared. It is
observed that all the samples exhibit the same evolution,
but at different time scales.

Table 3. Characterization of the relaxation spectra at 1 Hz of the
samples after a weathering period of 16 months

Temperature of the maximum
Sample of the loss modulus (T,,,,), K
Y relaxation f relaxation o relaxation

PE-LLD 156.0 193.0/229.3/264.8 314.8
15 % PE-LD 154.6 203.0/262.8 313.8
32 % PE-LD 145.3 194.8/240.6/272.9 320.6
50 % PE-LD 148.4 206.1/261.3 306.9
68 % PE-LD 152.7 208.1/256.1 314.0
85 % PE-LD 148.0 180.4/216.7/261.0 300.4
PE-LD 145.0 200.0/262.6 312.7

Table 4. Characterization of the relaxation spectra at 1 Hz of the
samples after a weathering period of 24 months

Temperature of the maximum
Sample of the loss modulus, T,,,,,, K
y relaxation f relaxation o relaxation
PE-LLD 147.7 203.2/261.0 344.9
15 % PE-LD 161.8 206.2/263.0 306.4
32 % PE-LD 154.5 262.0 303.3
50 % PE-LD 149.0 205.4/265.5 305.3
68 % PE-LD 145.8 200.1/258.1 285.2/314.6
85 % PE-LD 148.2 180.3/216.4/260.9 300.3
PE-LD 144.6 195.3/261.6 322.0

After a weathering period of 16 months, the degrada-
tion of the interfacial region is already initiated in 32 %
PE-LD blends as the table 3 displays. In contrast to 50 %
PE-LD blend, the results in the Tables 3 and 4 show that
the new [ relaxation around 195—180 K was not de-
tected after 24 months of exposure. These results, to-
gether with the other ones in [3], allow to suppose that
50 % PE-LD blends are the most resistant to weathering.

These results also suggest chain scissions takes place
initially in the amorphous zone [2], the morphological
changes are mainly produced in the crystalline-amor-
phous interface.

CONCLUSIONS

Weathering modifies the chemical structures of
PE-LLD/PE-LD blends, and as results the degradation
process takes place in a different time scale, dependently
on the blend composition.

The degradation process leads to more brittle films,
as it can be deduced from the increase in storage modu-
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lus as a function of exposure time. However, the maxi-
mum values of E’ are reached at different weathering
times, dependently on the blend composition.

The analysis of the relaxation spectra show that al-
though in the initial stages chains scission occurs in the
amorphous zone, this only causes slight changes in the y
relaxation [while the most affected by weathering is
B-relaxation zones].

A new [} relaxation was detected in the 180—195 K
range, which was modified as a function of the exposure
time, and finally even disappeared. All the samples ex-
hibit the same evolution, but at different time scales. Af-
ter a weathering period of two years, the degradation of
the interfacial region has already been initiated. Prob-
ably, chain scission leads to changes in the amorphous-
-crystalline interface and recrystallization of the polymer
that modifies this relaxation.

ACKNOWLEDGMENTS

The authors would like to acknowledge the Ministerio de
Educacion y Ciencia (Spanish Government) and the European
Regional Development Fund for the economical support
through the Project CTM2004-04977/TECNO. Authors
would also like to thank the Conselleria d’Empresa, Universi-
tat i Ciéncia (Generalitat Valenciana) for the additional sup-

port through the programs ACOMPO06/064 and
ACOMPO07/200.

REFERENCES

1. Utracki L. A.: “Polymer Alloys and Blends. Thermo-
dynamic and Rheology”, Hanser Publishers, 1990.

2. Kryszewski M.: “Polymer blends. Processing, Mor-
phology and Properties”, Plenum Press, 1980.

3. Sédenz de Juano Arbona, Thesis V. Ph. D.: “Con-
tribucion al esudio de la degradaciéon ambiental de
poliolefinas fotoestabilizadas”, Universidad Politéc-
nica de Valencia, 2006.

4. McCrum N. G.: “Molecular Origin of Transition and
Relaxation”, Midland, 1975.

5. Boyd R. H.: Polymer 1985, 26, 323.

6. Ribes-Greus A., Diaz-Calleja R.: J. Appl. Polym. Sci.
1987, 34, 2819.

7. Ribes-Greus A., Diaz Calleja R.: J. Appl. Polym. Sci.
1989, 38, 1127.

8. Poply R., Glotin M., Mandelkern L.: J. Polym. Sci.,
Polym. Phys. Ed. 1984, 22, 407.

9. Charlesworth J. M.: J. Mater. Sci. 1993, 28, 399.

10. Fuoss R. M., Kirkwood J. G.: J. Am. Chem. Soc. 1941,
63, 385.

Received 8 12008.



