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Introduction  

The fracture behavior of rubber toughened nylon 6, in which rubber particles are dispersed 

in the matrix of nylon 6, is dependent on the morphology of the blends. Lower and upper limits 

on rubber particle size have been observed using standard impact tests such as Izod and Charpy 

which are commonly used because it is convenient for easy comparison among several materials.  

However, such standard tests provide limited information about fracture behavior, because results 

of such tests are the energy absorbed under fixed conditions of notch depth and ligament length.  

More detailed characterization of fracture behavior has been reported from this laboratory based 

on the essential work of fracture (EWF) model using instrumented Dynatup test in a single-edge 

notched three-point bend (SEN3PB) configuration [1-5].  It is the purpose of this paper to 

examine the fracture behavior of the blends of nylon 6 with maleated ethylene-propylene rubber 

(EPR-g-MA) and maleated styrene-hydrogenated butadiene-styrene triblock copolymer 

(SEBS-g-MA) using a single-edge notched three-point bend (SEN3PB) instrumented Dynatup 

test.  The fracture behavior was analyzed with the essential work of fracture model and fracture 

mechanics method.  The effects of rubber type, rubber particle size and ligament length on the 

fracture behavior for blends of nylon 6 and maleated rubber are examined.   

 

Experimental 

Blends of 80% nylon 6 and 20% total rubber based on various mixtures of maleated and 

non-maleated rubbers were melt mixed using a Killion single screw extruder (L/D = 30, D = 2.54 

cm), outfitted with an intensive mixing head, operated at 240°C and 40 rpm.  The rubber 

particle size was controlled by adjusting the ratio of non-maleated rubber to maleated rubber.  

The morphology of the blends were observed by a transmission electron microscope using ultra 

thin sections at an accelerating voltage of l20 kV.  Impact behavior was examined by the 

standard Izod and instrumented Dynatup tests.   

 

Results and Discussion 

Blends where the rubber particles are smaller than 0.7 µm fracture in a ductile manner over 

the whole range of ligament lengths.  However, blends with rubber particles larger than 0.7 µm 

show a ductile-to-brittle transition with ligament length; ductile fracture is observed for 



 

specimens with short ligaments while brittle fracture is seen for those with long ligaments.  The 

transition ligament length depends on rubber particle size but is independent of rubber type.   

The yield stress (σy) or the critical stress intensity factor (KIC) was calculated from the 

relation between failure stress and normalized crack length using non-linear regression analysis.  

The failure mode is governed by the relative levels of failure stress given in terms of either KIC or 

σy at a certain ligament length for a given material.   

The ductile fracture behavior was analyzed using the EWF model.  The limiting specific 

fracture energy (uo) for EPR-based blends is slightly higher than that for SEBS-based blends, 

while the dissipative energy density (ud) for the latter is much larger than that for the former.  

Larger fracture energies for the SEBS-based blends than the EPR-based blends can be explained 

by larger ud of the SEBS-based blends.   

The critical strain energy release rate (GIC) was also calculated from the brittle fracture 

behavior.  Both GIC and KIC parameters increase when the rubber particle size is decreased for 

both blend systems.  When the rubber particle size is fixed, the GIC and KIC parameters have 

similar values regardless of rubber type.  The transition ligament length increases with 

decreasing rubber particle size and is found to be near the size criterion for plane-strain 

conditions calculated from the fracture mechanics parameters for both blend systems.  It is 

suggested that the brittle fracture occurs when plane–strain conditions are developed and the 

fracture stress is governed by KIC.  It is also suggested that the ductile-to-brittle transition with 

the ligament length agrees to the size criterion for plane-strain conditions.   
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