
❑ Bell Test: A straightforward method effective for assessing ESC resistance, providing

a quick evaluation. Adoption by many companies easily possible.

❑ Buckled Plate Test: Offers detailed insights into crack propagation kinetics, allowing a

deeper understanding of ESC behavior under stress. Higher test complexity.

❑ Limitations of Recycled PE: Results emphasize that recycled PE may have limited

suitability for high-stress applications due to significantly lower ESC resistance.

❑ Future Research Direction: Aim to develop methods to enhance recyclate selection

processes for demanding applications, supporting increased recycled content in

consumer goods without sacrificing durability.
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INTRODUCTION

CONCLUSION & OUTLOOK

❑ Problem: Environmental Stress Cracking (ESC) is a major cause of failure in plastic products, particularly under long-term exposure to 

stresses, active fluids, and high temperatures.

❑ Objective: Find a fast screening method of ESC resistance in various plastics, particularly polyethylene.

❑ Motivation: Driven by the need for sustainable plastic usage and recycling.

The research work of this study was performed at the Polymer Competence Center Leoben GmbH (PCCL, Austria) within the framework of the COMET-program of the Federal Ministry for Climate Action, Environment,
Energy, Mobility, Innovation and Technology and the Federal Ministry for Digital and Economic Affairs with contributions by Transfercenter für Kunststofftechnik (AUT), and Montanuniversitaet Leoben (AUT). The PCCL is
funded by the Austrian Government and the State Governments of Styria and Upper Austria.

Bell-Test

easy to handle

measuring only the 
failure time

Buckled Plate Test

characterization of 
crack kinetics

more complex, more 
effort

▪ Recyclates have worst ESC resistance
▪ Strong influence of active reagent on ESC resistance
▪ Strong influence of temperature on ESC resistance

CORRELATION BETWEEN FRACTURE MECHANICS 

AND ENVIRONMENTALSTRESS CRACKING METHODS

Analysis of 8 different PE grades:
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Buckled Plate Test 

 PEr1_HQ G=1260 J/m²: 50°C; 2% Rc-TensLao

 PEr1_HQ G=2010 J/m²: 50°C; 2% Rc-TensLao

 PEr1_HQ G=2669 J/m²: 50°C; 2% Rc-TensLao

 PEr1_HQ G=1422 J/m²: 80°C; 2% Rc-TensLao

 PEr1_HQ G=2055 J/m²: 80°C; 2% Rc-TensLao

 PEr1_HQ G=2539 J/m²: 80°C; 2% Rc-TensLao
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Compact Tension Test

T=23°C; R=0,1; f=10Hz
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CRACKED ROUND 
BAR TEST

COMPACT 
TENSION TEST
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Buckled Plate Test 80°C

in 2% RC-TensLao

 HDv2_BM G=2930 J/m²

 HDv2_BM G=4266 J/m²

 HDv2_BM G=5733 J/m²

 HDv3_IM G=1964 J/m²

 HDv3_IM G=3837 J/m²

 HDv4_IM G=4164 J/m²

 LDv2_EC G=762 J/m²

 PEr1_HQ G=1422 J/m²

 PEr1_HQ G=2055 J/m²

 PEr1_HQ G=2539 J/m²
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Bell Test 

ASTM D 1693, 

50°C

 F0 in h

 F50 in h

 F100 in h

VIRGIN GRADES

RECYCLATES

ASTM D 1693-01 Standard Test Method for

Environmental Stress-Cracking of Ethylene 

Plastics

BELL TEST

❑ Increased Temperature: significantly

reduces PE resistance against ESC.

❑ Active Agent: accelerates ESC in all PE

by faster crack initiation and propagation.

❑ Mechanism: Active agent reduces

secondary attraction forces leading to

higher chain mobility during crack growth.

❑ Recyclate Vulnerability: PE recyclates

are especially affected, showing lower

resistances compared to virgins.

INFLUENCE OF TEMPERATURE & MEDIACOMPARING TEST METHODS
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Buckled Plate Test 

 PEr1_HQ G=1422 J/m²: 80°C; 2% Rc-TensLao

 PEr1_HQ G=2055 J/m²: 80°C; 2% Rc-TensLao

 PEr1_HQ G=2539 J/m²: 80°C; 2% Rc-TensLao

 PEr1_HQ G=1356 J/m²: 80°C; Luft

 PEr1_HQ G=1974 J/m²: 80°C; Luft

 PEr1_HQ G=2642 J/m²: 80°C; Luft

ENVIRONMENTAL STRESS CRACKING RESISTANCE 

IN DIFFERENT PE GRADES
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