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Environmental Stress Relaxation Studies of Polymers:
Effect of Temperature on
Polyethylene—Alcohol System

MIZUHO NISIZAWA, Department of Chemistry, Defense Academy,
Yokosuka, Japan

Synopsis

The method of stress relaxation has been used to study the plasticizing effect of sorbed
alcohols on polyethylene as it changes with temperature. From the observation of the
stress relaxation in polyethylene under alcohols at various temperatures, the activation
energy of penetrant-enhanced relaxation of polyethylene caused by alcohols was ob-
tained.

INTRODUCTION

Stress cracking or stress failure of polymers such as polyethylene is caused
by alecohols as the environment.!=* Since the penetrant-enhanced relaxa-
tion of polymers caused by aleohols as well-known penetrants poses a prob-
lem of considerable interest, it was therefore decided to investigate the
effect of temperature on the stress decay behavior in polymer—aleohol
systems. The polymer and aleohols used in this study were polyethylene,
methyl alcohol, ethyl alecohol, and isopropyl alcohol, since these alecohols
have previously been used in studies of the effect of aleohols on polyethyl-
ene.* The determination can be followed by measuring the stress decay
of the polyethylene under the aleohols as a function of temperature.®S

EXPERIMENTAL

Materials
The polyethylene, methyl alcohol, ethyl aleohol, and isopropyl aleohol
used in this work were the same as those described in a previous paper.*
Apparatus and Procedure
The apparatus and procedure used in this work were the same as those
described in previous papers.5-$

RESULTS

The changes with time in stress of polyethylene films under methyl
aleohol, ethyl aleohol, or isopropyl alcohol at various temperatures were
829
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studied with a 509, elongation. The results are shown in Figures 1 to 3.
From these results, the relation of polyethylene under aleohols at various
temperatures was found to approximate the following equation*:
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Fig. 1. Stress relaxation of polyethylene-methyl alcohol system: (O) 30°C; (A) 40°C;
(®) 50°C; (O) 55°C.
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Fig. 2. Stress relaxation of polyethylene~ethyl alcohol system: (O) 30°C; (A) 40°C;
(®) 50°C; (O) 60°C.
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Fig. 3. Stress relaxation of polyethylene—isopropyl alcohol system; (O) 30°; (A)40°C;
(@) 50°C; (O) 60°C.



STRESS RELAXATION STUDIES OF POLYMERS 831

where 7 is the relaxation time. If the relaxation time r can be considered
as the reciprocal of a rate constant for penetrant-enhanced relaxation in
polyethylene caused by alcohol and the rate constants are plotted versus
the temperature, the relationships shown in Figures 4 to 6 are obtained.
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Fig. 4. Temperature dependence of rate constant of polyethylene-methyl alcohol system.
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Fig. 5. Temperature dependence of rate constant of polyethylene—ethyl alcohol system.
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Fig. 6. Temperature dependence of rate constant of polyethylene-isopropyl alcohol
system.
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TABLE I
Activation Energy of Stress Failure in Polyethylene
‘ Activation
energy E,
Alcohol Formula Structure keal/mole
H
Methyl alcohol CH;OH H—JJ——OH 0.6
b
H H
Ethyl alcohol CH;CH.OH H—(IJ—(!T—OH 1.0
b
H H
Isopropyl alcohol (CH,),CHOH H—é——é)—OH 1.8
b dom

From these relationships, the activation energies for penetrant-enhanced
relaxation of polyethylene caused by alcohols were obtained, and the values
are listed in Table I for comparison. From these rates it is clear that the
temperature dependence of polyethylene—alcohol systems and therefore
the activation energy of the penetrant-enhanced relaxation increase with
increasing number of carbon atoms in the alkyl group attached to hydroxyl.

DISCUSSION

As stated above, it is well known that stress cracking or stress failure of
polymers such as polyethylene is caused by alcohols as the environment,'—*
A discussion of the effect of temperature on penetrant-enhanced relaxation
in polyethylene-aleohol systems follows. The penetrant-enhanced re-
laxation in polyethylene caused by alcohols at various temperatures is esti-
mated from the stress relaxation in polyethylene under aleohols at various
temperatures and is given in Figures 1 to 3. The dependency of the rate
constant for stress relaxation on the temperature is related to the depen-
dency of the rate constant for penetrant-enhanced relaxation by the alco-
hols on the temperature. When the stress and the aleohol are constant, a
change in the temperature results in a change in the enhanced relaxation
for the penetration by aleohol (see Figs. 1 to 6). The temperature de-
pendency of polyethylene—alcohol systems increases with increasing number
of carbon atoms in the alkyl group attached to the hydroxyl. This phe-
nomenon indicates that polyethylene becomes more sensitive to an alcohol
with a low number of carbon atoms in the alkyl group attached to the hy-
droxyl than to one with a high number of carbon atoms. Therefore the
activation energy of penetrant-enhanced relaxation in polyethylene—~alcohol
systems is related to the number of carbon atoms in the alkyl group at-
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tached to the hydroxyl (see Table I). This also explains the enhancing
effect of alcohols on the relaxation of polyethylene, as shown in an earlier
work.4
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