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Abstract−−−− A series of polyethylenes was obtained
by modification of two commercial high-density
polyethylenes.  The organic peroxide concentrations
and irradiation dosis used are below the critical ones
that produce molecular networks.  The molecular
weights of the polymers increase, and the molecular
weight distribution gets wider, as the concentra-
tion/dose increases.  These results are a consequence
of the large molecular weight molecules generated
during the chain-linking modification processes.  By
the time traces of gel begin to appear in the samples,
the peroxide modified materials display larger mo-
lecular weights and smaller vinyl concentrations
than the irradiated ones. The rheological behavior of
these materials is analyzed as a function of the mo-
lecular structure of the polymers and the concentra-
tion/dose used in the modification processes. All the
modified polymers show a complex thermo-rheo-
logical behavior associated to the presence of long-
branched macromolecules.  The peroxide treatment
generates the polymers with the largest rate of
change of flow activation energy.
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I. INTRODUCTION
Over time, the polyethylenes (PEs) have become large-
volume commodity resins.  The search and analysis of
methods to produce new grades of PE with specific
properties is an area of increasing interest from an aca-
demic and industrial point of view.  One way to accom-
plish this result is by modification of existing commer-
cially produced standard resins.  The high-energy ioni-
zation radiation and the chemical attack with a peroxide
are two of the most used methods to change the mo-
lecular structure of PE (Lyons and Weir, 1973; Xantos,
1992; Lambla, 1994; Clough and Shalaby, 1996; Krent-
sel et al., 1997; Failla et al., 1999; Barkhudaryan,
2000).  Both kind of methods are based on the produc-
tion of macro-radicals that can participate in different
chemical reactions.  These reactions may involve chain
scission and chain linking.  In the case of PE prevail the
reactions that produce crosslinking, long-chain branch-
ing and chain extension (Randall et al., 1983; Bremner
et al., 1992; Gloor et al., 1994; Smedberg et al., 1997;

Barkhudaryan, 2000).  The two mentioned modification
processes have been traditionally used mainly to gener-
ate PE networks by means of large peroxide concentra-
tions or irradiation dosis (Lyons and Weir, 1973;
Bremner et al., 1992; Gloor et al., 1994; Clough and
Shalaby, 1996; Smedberg et al., 1997, Kang and Ha,
2000; Palmlof and Hjertberg, 2000). The use of smaller
concentrations/dosis than the critical ones to generate
networks produces large molecular weight branched
PEs that are still thermoplastic.

Small changes in the molecular structure of the
polymer produce intense changes in the melt rheological
properties as well as in the solid state physical proper-
ties.  For example, the existence of one long chain
branch every ten molecules is sufficient to increment the
polymer melt viscosity and tensile strength, the resis-
tance against environment stress cracking, and the im-
provement of creep properties (Nielsen and Landel,
1994; Lachtermacher and Rudin, 1996; Kim and Yang,
1999; Pérez et al., 2002). Therefore, the identification of
the factors that control the modification processes and
the understanding of the changes generated in the mo-
lecular structure of the polymers are very important is-
sues to study.

In the present work, we compare the rheological
response of two high-density polyethylenes (HDPE) to
irradiation and peroxide modification. No previous
work has performed this type of analysis. The linear
polymers have approximately the same concentration of
vinyl groups but different molecular weights.  The mo-
lecular structure of the original and modified polymers
was characterized by gel-permeation chromatography
(GPC) and infrared spectroscopy (FT-IR).  The dynamic
rheological properties of the melted polymers were
measured in an ample range of frequencies and tem-
peratures. The dependence of the thermal behavior and
the flow activation energies with the polymer structure
is analyzed.

II. EXPERIMENTAL
The HDPEs used in this study were opportunely sup-
plied by Du Pont de Nemours.  The average molecular
weights (Mw and Mn) of the original and modified
polymers were estimated from GPC (Waters 150-C
ALP/GPC) using 1,2,4-trichlorobenzene at 140°C.  The


