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COMMUNICATIONS

THE DC CONDUCTION MECHANISM OF
ETHYLENE GLYCOL WATER SOLUTIONS

Dorota Nowak-Woźny — Tadeusz Ma̧czka
∗

The effect of temperature and water content in ethylene glycol water solutions upon the electrical characteristics was
studied in some details. The temperature was raised from room temperature up to about 380 K. It was suggested that
the dependence between conductivity and temperature could be described by an exponential relation with the exponent
depending on the potential barrier and temperature. It was supposed that the calculated potential barrier (0.2 eV to 1.1 eV)
was associated with the motion of OH-groups.
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1 INTRODUCTION

Ethylene glycol and its water solutions are often used
as a heat carrier in the industry. Ethylene glycol has
good solubility in water. To obtain a solution with the
best parameters, dielectric relaxation of ethylene glycol-
water mixtures was performed over the whole concentra-
tion range at room temperature. The dielectric relaxation
behaviour of mixtures of polar molecules under varying
composition has attracted considerable interest because
it helps formulating adequate models of liquid relaxation
and also obtaining information about the relaxation pro-
cess in the mixture [1–10]. These dielectric relaxation
studies confirmed that the relaxation time of the system
had a linear behaviour with the mole fraction of water in
the mixture. It was also concluded that ethylene glycol
(EG) molecules and surrounding water molecules formed
EG-water clusters via hydrogen bonds and the nature of
homogeneous and heterogeneous clusters changed with
the water concentration in the binary mixture. Several
attempts were made [11–21] to study the dielectric be-
haviour of various homologous series of alcohol mixtures
with water and other polar solvents. At room temper-
ature only one relaxation peak is observed for alcohol-
water mixtures in the frequency range from 10 MHz to
20 GHz. The dielectric relaxation process of these systems
is described by a sum of the Debye equation [22] and the
Cole-Cole equation [23]. Though alcohol is the most pop-
ular material employed to study the hydrogen-bonding
molecular liquids, it has been investigated systematically
for only a few different alcohols. Experimental results of
these binary systems are interpreted on the basis of a
model of three kinds of cooperative domains coexisting
in the mixtures.

The interest in the study of electric properties of
glycol-water mixtures results from practical reasons. The

glycol-water mixture is a potential material for applica-
tions in electro heating devices. The goal of this work is to
obtain glycol and water solutions with relatively low re-
sistivity. Then dielectric parameters of different solutions
of water and glycol were measured.

2 EXPERIMENTAL

The materials used for making the mixtures were pure
ethylene glycol and deionized water.

All these experiments were carried out at temperatures
in the range from 293 K to 373 K. The temperature was
controlled thermostatically within ±1 degree. Composi-
tions and symbols for mixtures are presented in Table 1.
Such mixtures allow a wide range of working tempera-
tures as a technical point of view. The experiment was
carried out in the unit presented in Fig. 1.

In the experiments, two rectangular plate electrodes
were used. The rectangular plate electrodes were made of
acid resistant steel. The electrodes are 0.105 m high and
0.062 m wide and are parallel to each other. The distance
between the electrodes was kept by two Teflon plates.
During the experiment the electrode surface temperature
was measured in three points by thermocouple elements,
type K, with a 0.25 mm diameter and LUTRON, type
TM-906 A measurement equipment. The samples used in
experiments were solutions of glycol (Table 1). The vol-

ume of each sample was 1 dm3 . During the experiments,
the air pressure was almost normal, the temperature was
295 K, and the relative humidity was about 45 %. The
resistance of electrodes and wires was more than 50 MΩ.
The measurements of sample resistivity were carried out
with a MOTECH type MT 4080A RLC electronic me-
ter. During the measurements the sample was under 1 V
DC voltage and the resistance was measured after 60 s.
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Fig. 1. The experimental unit.

Fig. 2. Correlation between the conductivity and inverse of tem-
perature for different mixtures.

Electrical measurements were made when the tempera-
ture in the thermal chamber was constant with accuracy
±1 degree. The temperature was raised from room tem-
perature up to the moment when intensive evaporation
was observed.

3 RESULTS

Temperature variations of the conductivity of single
samples (different ethylene glycol and water contents)
were examined. The results are presented in Fig. 2. It
is important that the conductivity was determined on
the assumption that the measurement condition was al-
ways constant. For pure glycol the conductivity is small-
est and for pure water it is largest in the whole tem-
perature range. The results for 1g/1w , 1g/2w and 2g/1w

solutions are in the area between these two curves. The di-
rection of resistivity variations with temperature differed
quantitatively depending on the composition of the solu-
tions. For pure water and 1g/1w , 1g/2w solutions, three
temperature ranges were observed in which the σ(1/T )
curves had different slopes. The shape of the resistivity

versus temperature curve depends on the water content.
Interesting is the conduction mechanism. For pure glycol
and 2g/1w solution the dependences between conductiv-
ity on a logarithmic scale and the inverse temperature are
straight lines with nearly the same slopes (Fig. 2).

It is suggest that the dependence between the conduc-
tivity and temperature can be described by a relation like
for liquid dielectrics [24–27]:

σ = σ0 exp(−E/kT ) , (1)

where E is the potential barrier related to the conduction
mechanism.

The values of activation energies were calculated and
the results are shown in Table 2. For pure water three
visible regions were observed but only for two of them
the potential barrier was calculated. For the middle range
the activation energy is equal to 0.6 eV and for the high
temperature range it is 0.2 eV. For pure ethylene glycol
and 2g/1w solution in the whole temperature range and
for pure water and the other solutions in the lower and
higher temperature ranges the activation energy is equal
to 0.2 to 0.4 eV. For the transition region, observed only
for pure water, 1g/2w and 1g/1w , the potential barrier is
0.5 to 0.7 eV, 0.3 to 0.5 eV, and 1.0 to 1.2 eV, respec-
tively.

The calculated potential barrier for pure water is by at
least one order of magnitude lower than the dissociation
energy.

It is difficult to explain why the potential barrier in the
middle temperature range is higher than in the other re-
gions. Probably there are two different conduction mech-
anisms. One mechanism is the motion of OH-groups and
the other one is the motion of monomer units [27].

4 CONCLUSIONS

Measurements have been performed of the resistivity
of different ethylene glycol water solutions. This work is a
starting point for studying the conduction mechanism in
ethylene glycol water solutions. These preliminary results
obtained are promising and it seems that the direction of
the research is right and proper.
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Table 1. Solution compositions and their symbols.

Mixture content Symbol

Pure ethylene glycol EG

1 volume part of glycol and
1g/1w1 volume part of water

1 vol. part of glycol and
1g/2w2 vol. part of water

2 vol. part of glycol and
2g/1w1 vol. part of water

Pure water water

Table 2. The activation energy for different mixtures.

solution Temperature range Activation energy
(K) (eV)

EG 296–393 0.3 ± 0.1
2g/1w 291–383 0.3 ± 0.1

296–348 0.3 ± 0.1
1g/1w 348–358 1.1 ± 0.1

358–376 0.2 ± 0.1

294–333 0.3 ± 0.1
1g/2w 333–353 0.4 ± 0.1

353–372 0.3 ± 0.1

water 296–340 0.6 ± 0.1
340–370 0.2 ± 0.1
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