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synopsis 
The method of stress relaxation has been used to study stress decay behavior in 

polyethylene-alcohol systems. The behavior of stress decay in polyethylene under 
alcohols was observed and the respective activity forward stress deray of alcohols on 
polyethylene was obtained. 

INTRODUCTION 

Stress cracking of polyethylene caused by alcohols is known to be due to 
interaction with the alcohol m o l e c ~ i e . ~ - ~  Stress failure of polyethylene 
under alcohols poses a problem of considerable interest. 

Stress relaxation experiments which measure the rate of stress decay of 
the polyethylene-alcohols system have been utilized, since they were 
studied in previous ~ - o r k s . ~ - ~  If the polymers fail, then similar rates of 
stress decay should be obtained for alcohols. 

The alcohols used in this study were methyl alcohol, ethyl alcohol, and 
isopropyl alcohol. 

EXPERIMENTAL 

Materials 

The polyethylene used in this work was limited to a commercial poly- 
ethylene film having a density of 0.922 g/cc, a melt index of 2, and a thick- 
ness of 0.0024 cm. 

The methyl alcohol, ethyl alcohol, and isopropyl alcohol used were 
commercial-grade alcohols. 

Apparatus and Procedure 

The apparatus used in this work was the same as that used in previous 
works. 4-6 

Polyethylene film was set in the clamps in the inner vessel coattaining the 
alcohols, preheated in the unstrained state for 15 min, and then extended.. 
The determination was followed by measuring with a balance the residual 
stress as a function of time in this film sample which was held a t  constant 
extension in the thermostated vessel containing the alcohols. 
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RESULTS AND DISCUSSION 

The c1i:triges with time in stress of the polyethylene film under the :d- 
The results are shown 

From these results the relaxation of polyethylene under 
cohols were studied with a 50% elongation st 30°C. 
in Figures 1 to 3 .  
alcohols was fourid to approximate the equation 

*f/ j ;)  = e--L:r 

where 7 is the relaxatioii time. The relaxatioii time 7 is thc time value :it 
which the residual stress reached l / e  (equals 0.368) of its value a t  zero time, 
and it was obt:tiiied from the slope of log stress plotted against time. If 

t i m e  th r )  
Fig. 1. Stress relxsat i o n  of polyethylene tinder inethyl dvohol. 
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the relaxation time r can be considered as the reciprocal of a rate constant 
for stress failure in this system, then the rate constant 1 / r  can indicate 
an activity forward stress decay of alcohols on polyethylene. These 
values were tabulated in Table I for comparison. 

TABLE I 
Activity6 of Stress Failure in Polyethylene 

Alcohol Formula 
Relaxation Activit,y 

Structure time, hr I / T ,  hr-1 

Methyl alcohol CH&H 

Ethyl alcohol CH3CH20H 

Isopropyl 
alcohol (CHs)&HOH 

H 
I 
I 

I 1  
I I  

I I  

H-C--OH 2 . 5  x 103 

H 

H H  

H-C-C-OH 3.4 x 103 

H H  

H H  

H - C - C ~ H  5.7 x 103 

H-C-H 
I 
H 

a l / ~  a t  30°C. 

4.0 x 10-4 

2.9 x 10-4 

1.x x 10-4 

From these values it is clear that stress failure tends to decrease the re- 
laxation time, and that dependency increases with increasing activity of 
stress failure in polyethylenealcohol systems. 

In  the present systems, an alkyl group attached to hydroxyl may be re- 
lated to the stress failure observed. 
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