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This study looks at how synergistic antioxidant systems affect the dynamic 

fracture resistance of natural rubber elastomers designed for pneumatically 

actuated "Soft Grippers." It is important to extend service life under dynamic-

mechanical stress. Therefore, the fatigue behavior were systematically 

evaluated using the De Mattia test (DIN ISO 132).The reference compound (NR1), 

which did not include protective additives, degraded quickly.  Adding a 

synergistic mix of primary antioxidants and antiozonants (77PD and TMQ) leds 

to up to a sevenfold increase in service life. In exploratory trials, 1 to 3 phr of 

waxes or TNPP were added. [1], [2]. 

                                             
The De Mattia test results (Fig. 1) clearly show the delayed crack propagation. 

Visual inspection of the post-test samples (Fig. 2) shows the improvements in 

form. NR1 sample failed after 20,000 cycles. In contrast, the formulation 

containing 4 phr of 77PD and 2 phr of TMQ (2*AO) lasted 200,000 cycles. Even 

under ten times the mechanical stress, this improved sample had much smaller 

and less deep cracks. These improvements mainly result from the additives 

reacting preferentially with ozone, which helps preserve the polymer's main 

chain [3]. 
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Fig. 1 – De Mattia test results of rubber compounds 
with various antioxidants compared to compound NR1 
(without antioxidants). 

Fig. 2 – Cracks after the De 
Mattia test. Left: sample NR1 
(no antioxidants) after 
20,000 cycles; center: 
sample AO (77PD, TMQ) 
after 140,000 cycles; and 
right: sample 2*AO after 
200,000 cycles. 
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