
 

EFFECT OF HDPE GEOMEMBRANE THICKNESS ON 
THE DEPLETION OF ANTIOXIDANTS 
 
M. Zahirul Islam and R. Kerry Rowe 
GeoEngineering Centre at Queen’s-RMC, Department of Civil Engineering, 
Queen’s University, Kingston, Ontario, Canada. 
 
 
 
 
 

 

ABSTRACT: This study describes an accelerated ageing test to evaluate the effect of thickness on the depletion of 
antioxidant from high density polyethylene (HDPE) geomembranes. Three HDPE geomembranes having nominal 
thicknesses of 1.5, 2.0, and 2.5mm were examined in the testing program. The geomembranes were immersed in a 
synthetic leachate at four temperatures: 22, 55, 70, and 850C. The depletion of antioxidant was monitored in terms of the 
oxidative induction time (OIT). It was observed that antioxidants depleted at a faster rate from 1.5mm geomembrane 
than from the 2.0 and 2.5mm geomembranes. Antioxidant depletion time was predicted using Arrhenius modeling and 
was found to be longer for thicker geomembranes, which suggests that a thicker geomembrane may be expected to 
have a longer service life (other things being equal).  

 
RÉSUMÉ 
Cette étude décrit un test de vieillissement accéléré qui a pour but d’évaluer l'effet de l'épaisseur sur l'épuisement des 
antioxydants dans des géomembranes polyéthylène haute densité (PEHD). Trois géomembranes de PEHD de 1,5, 2,0, 
et 2,5 mm d’épaisseurs nominales ont été examinées dans le programme d'essai. Les géomembranes ont été 
immergées dans un lixiviat synthétique à quatre températures : 22, 55, 70, et 85°C. L'épuisement des antioxydants a été 
mesuré en terme de temps d'induction d’oxydation (OIT). Il a été observé que les antioxydants ont réduit à un taux plus 
rapide dans la géomembrane de 1.5 mm que dans les géomembranes de 2,0 et de 2,5 mm. Le temps d'épuisement des 
antioxydants a été prédit en utilisant le modèle d’Arrhenius et s’est avéré plus long pour les géomembranes plus 
épaisses, ce qui suggère qu'une géomembrane plus épaisse ait une durée de vie plus longue (les autres paramètres 
étant égaux). 
 
 
 
1        INTRODUCTION 
 
The use of high density polyethylene (HDPE) 
geomembrane in landfill liners and final cover systems is 
increasing and is considered to be the state-of-the-art 
technology in many countries. The overall objective of 
using HDPE geomembrane is to limit the migration of 
toxic contaminants to the ground water. Several factors 
need to be addressed when selecting geomembranes as 
landfill liners including leachate interaction, geomembrane 
thickness, imposed stresses from overlying waste, 
resistance to friction, seamability, and governing 
regulations etc. (Peggs and Thiel 1998). Among these 
factors, the thickness of the geomembrane is usually 
given more emphasis in different regulations in different 
countries. In Canada, the Ontario Regulation 232/98 
(MOE 1998) specifies a 1.5mm thick geomembrane for 
primary landfill liner and a 2.0mm thick geomembrane for 
any secondary landfill liner. In the USA, the minimum 
thickness is 0.75mm whereas, in Belgium the minimum 
thickness is 2.5mm (Areias et al. 1998). However to this 
point there has been very little data examining the effect 
of geomembrane thickness. 

 

It is generally assumed that geomembranes will 
experience some degree of ageing or degradation during 
their service life and the question of durability is of major 
interest to the stakeholders. Oxidative degradation is the 
primary concern regarding the long-term durability of 
HDPE geomembranes (Hawkins 1984). Antioxidants are 
added to the HDPE resin to control oxidation reactions in 
the polymer both during manufacture of the 
geomembrane and during its service life (Grassie and 
Scott 1995). Antioxidants act by converting free radicals 
and hydroperoxides, generated during oxidation, into 
stable molecules (Grassie and Scott 1995). However, the 
amount of antioxidants present in the geomembrane 
decreases with the increase of ageing time (Gedde et al. 
1994; Hsuan and Koerner 1998; and Sangam and Rowe 
2002). Therefore, it is important to evaluate the depletion 
of antioxidants to assess the service life of 
geomembranes. Generally laboratory accelerated ageing 
tests are used to assess the depletion of antioxidants and 
the long term performance of HDPE geomembranes. 
 
A number of ageing studies have involved the immersion 
of geomembranes in simulated landfill leachate, acid mine 
drainage, water, air, and in a simulated landfill composite 
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