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Abstract. A Monte Carlo simulation study of water and hydrocarbons
aiming at understanding the degradation of polyethylene cable insula-
tion is presented. Atomistic simulations of water, hydrocarbons and ions
are presented. The SPC/E and TraPPE potential functions are used.
The equilibrium distributions and clustering of water in vapour and in
hydrocarbons was investigated using Gibbs-ensemble Monte-Carlo simu-
lations. Ions have also been added in the hydrocarbon phase where they
were found to act as attractors for the formation of water clusters.

1 Introduction

In this work we present atomistic simulation studies of hydrocarbons
and water and discuss the application of the methods in order obtain
information about the properties of amorphous polymers and water

We will report some preliminary results from a study of the in-
teraction between hydrocarbons and water with special emphasis on
mechanisms responsible for the breakdown of polyethylene insulation
of high voltage cables. Polyethylene is a semicrystalline polymer but
in the present study we will limit ourselves to study hydrocarbons re-
sembling the amorphous regions and water. We are interested in the
interaction of the polymer to water and ions since these are thought
to play a central role in the breakdown of the polymer.

In order to study the breakdown of polyethylene sheaths in high
voltage insulation materials a complex system has to be studied in-
cluding impurities due to the production of the polymers (ionic cat-
alyst residues etc.).

In order to separate the different possible causes for the degrada-
tion of polyethylene in real cables, a series of simulations of increas-
ing complexity is performed. We start with simple systems like water
and hydrocarbons, to fine-tune simulation parameters to experimen-
tal data before the complexity of long polymers is introduced.
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2 Simulation methods

The choice of simulation method depends both on the system (i.e.
what methods are possible) and the properties of interest (i.e. what
methods are desirable). In this work different Monte Carlo (MC)
methods have been used to study the interaction between alkanes
(which could be regarded as ethylene oligomers) on one hand and
water and ions on the other hand.

The simulations of water and alkanes were performed using MC
methods, mainly Gibbs ensemble (GEMC) [2] simulations using con-
figurational bias [3] to enhance the acceptance probability.

For water the well-known SPC/E-model of Berendsen et al. [1]
was used. For the alkanes, initially the TraPPE [4] united atom
model was used together with the SPC/E-model for water since this
combination gave realistic solubilities of water in short-chained alka-
nes at same time as both models give realistic densities of the pure
phases. The Lennard-Jones parameters for the interaction between
water and hydrocarbons were slightly adjusted in order to approxi-
mately reproduce the experimental mole fraction of water in hydro-
carbons.

3 Results

3.1 Water clusters

The study of the interaction of polyethylene with water was com-
menced by a study [5] on the properties of water in equilibrium with
its own vapour since these properties will be of high relevance to
the behaviour of water in polyethylene where the water properties
will be similar to those of water vapour. This study gave valuable
information about the structure of water vapour. Among others we
notice an entropy-driven crossover from cyclic to linear clusters with
increasing temperature. The crossover temperature was about 400
K both for tetramers and pentamers.

3.2 Water, ions and hydrocarbons

As a first step towards modelling of the full polyethylene system,
water and hydrocarbons without and with the presence of ions were



Fig. 1. A pure water cluster with nine water molecules as obtained in the simulations.
Figure made by use of gOpenMol [§]

simulated. The first, very preliminary results indicate that the pres-
ence of ions in the alkane phase leads to the formation of water
clusters that connect the ions. This is similar to results obtained in
water vapour phase in the absence of alkanes [6]. This points to-
wards a possible mechanism for the degradation of polyethylene in
the presence of catalyst ions left after polymerization in which the
ions act as “attractors” for water molecules which then take part in
the formation of so-called water trees which are a first step in the
degradation of the polyethylene.

4 Outlook

The next step will be to model the interaction between water and
amorphous polyethylene. This can be done using an atomistic model
as long as the polymer is in an amorphous liquid-like state. To ob-
tain the full picture the semicrystallinity of polyethylene has to be
taken into account. This can be done using mesoscopic simulation
methods., e.g., [7] and will the subject of further study. We believe,
however, that our results regarding the amorphous regions will give
highly relevant information that can be used with mesoscale infor-
mation in order to obtain the full picture.



Fig. 2. A water cluster formed between a Na*t-ion (back left) and a Cl™-ion (front right)
in decane which is in equilibrium with liquid water. For clarity the decane molecules
are omitted. Figure made by use of gOpenMol [§]
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