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Abstract−−−−−−−− We study reactive modification of
high density polyethylene by organic peroxides. We
improve a previous model capable of describing av-
erage molecular weights and vinyl content to incor-
porate the calculation of long-chain branching and
complete molecular weight distributions. We calcu-
late average molecular weights and long-chain
branching indexes for molecules with a given num-
ber of vinyls, by applying a double moment tech-
nique over those variables. No moment technique
was applied to the vinyl content so the model has the
capability of calculating those average quantities for
every vinyl content. To calculate molecular weight
distribution we apply probability generating func-
tion definitions with respect to the molecular size, to
the mass balances of radical and polymer species of a
given number of vinyls.  We use two distinct defini-
tions of probability generating functions, each one
directly applicable either to the number or weight
distributions.  These probability generating func-
tions are numerically inverted to obtain the corre-
sponding calculated molecular weight distribution.
Results give a deeper insight into the evolution of
vinyl groups and branching points formation. MWD
and vinyl content predictions are compared with
qualitative experimental data showing the model
capabilities.
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I. INTRODUCTION
High density polyethylene (HDPE) is a versatile ther-
moplastic, for which product and market development
continue to open new applications.  It is produced either
as a linear polymer or one with short-chain branches if a
co-monomer is used. The specific properties of each
HDPE grade result from the combination of several
variables: density, molecular weight, molecular weight
distributions (MWD), vinyl content and degree of
branching (Ward and Hadley,1993).  Catalyst technol-
ogy has made possible the improvement of the perform-
ance of the different grades of HDPE.  Nevertheless,
reactive modification is an established and economic
post-reactor option to tailor molecular properties of
HDPE in order to broaden its range of application.

Organic peroxides are used to generate primary radi-
cals that will attack the polymer.  It is generally ac-
cepted that primary radicals abstract hydrogen from the
polymer molecule, which then undergoes mainly
crosslinking.  Depending on the operating conditions a
certain degree of scission may be observed.  Vinyl con-
tent plays an important role in the reactive modification.
The concentration of terminal double bonds present in
polyethylene decreases rapidly for increasing initial
peroxide concentrations, indicating a strong selectivity
towards their reaction.  It has also been observed that
the increase in molecular weight is higher for resins
with higher vinyl content (Smedberg et al., 1997; Su-
wanda and Balke, 1993a).  As modification proceeds the
initially linear polymer becomes increasingly branched,
the branches having a size similar to that of the original
polymer molecules. The creation of this type of
branches leads to a drastic change in rheological and
mechanical properties as discussed by Pérez et al.
(2001).

Few mathematical models in the literature describe
the specific process of modification of polyethylene.
Some of them use a statistical approach as reviewed by
Gloor et al. (1994), the main interest being the predic-
tion of gel points and of average molecular weights and
MWDs of the sol fractions.  The statistical approach
does not provide information as a function of time.
Suwanda and Balke (1993b) were the first to use a ki-
netic approach.  They aimed at the prediction of mo-
lecular weight distributions, allowing molecules with
either 1 or 0 vinyls. They calculated the distribution by
discretizing it in up to 500 degree of polymerization
points. They obtained good predictions of molecular
weights for low density polyethylene and linear low
density polyethylene, but not for HDPE.  With respect
to vinyl content they could not predict a drop as large as
the one observed experimentally in all cases.
In a previous work we proposed a kinetic model (Ped-
ernera et al., 1999) that described the length of the
polymer chain and the concentration of vinyl groups
simultaneously.  The resulting infinite system of mass
balance equations was solved using a double moment
technique.  The model predicted average molecular
weights and the average concentration of vinyl groups
as functions of time. This model resulted in improved
predictions of the experimental data over the previously


