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 Abstract – Epoxy resin was modified with functionalized polybutadiene containing isocyanate groups and cured with two 

types of hardeners: aliphatic amine and hexahydrophthalic anhydride. The resulting thermoset materials were transparent even with 
20% of rubber. The transmission electron microscopy, atomic force microscopy and small-angle X-ray analysis revealed that the rubber 
particles are dispersed in nanometric scale when the material was cured with amine. The addition of the functionalized rubber resulted 
in a significant improvement on the mechanical properties without scarifying the glass transition temperature.  

 
The present work aims to modify epoxy resin with functionalized polybutadiene (PBD) and analyze the 

nano-scale rubber domain size in this system by using small angle X-ray scattering (SAXS) combined with 
transmission electron microscopy and to investigate the effect of the different curing system, based on amine 
(with cure at room temperature) and anhydride (which requires higher curing temperature). 
Isocyanate-terminated PBD was prepared according to our previous work.1 The modified epoxy networks 
were prepared by adding stoichiometric amount of triethylenetetramine (TETA) as the aliphatic amine or 
tetrahydrophthalic anhydride. 
The Small Angle X-ray Scattering (SAXS) study was performed at room temperature using synchrotron the 
beam line of National Synchrotron Light Laboratory (LNLS), Campinas, Brazil.  

The ER-b-PBD-b-ER systems were cured with TETA and anhydride, respectively. Before and after 
curing, all they were transparent, indicating no phase separation. In spite of the homogeneous system, the 
values of the glass transition temperature were similar to that found with the neat epoxy network, in the case 
of TETA-cured systems or a little lower in the case of anhydride-based systems. All these results suggest 
that both rubber-modifed epoxy thermosets presented phase separated structure in nano-scale. The TEM 
analysis shown in Figure 1 revealed that the system cured with anhydride presented larger rubber particle 
size with epoxy sub-inclusion. Contrarily, the system cured with TETA presented rubber particles in 
nanometric scale, confirming the presence of phase separated structure in nano-scale. 

The SAXS profiles for the thermosets containing different amount of ER-b-PBD-b-ER presented no 
well-defined scattering peaks in both cured systems, indicating no great phase-separated morphology. The 
TETA-cured system containing 10% of the triblock copolymer presented a Guinier plateau indicating a 
diluted system. The average distance between the neighboring domains increased as the amount of rubber 
decrease, as expected. In TETA cured system, it is also possible to observe a small scattering peak at 
around q = 1 nm-1, indicating microphase-separate structure and a formation of micelle structure, indicating 
that the epoxy system behaves as a selective solvent for the triblock copolymer.  

 

  
Fig 1. TEM micrograph of epoxy-PBD (10%) 
cured with TETA 

Fig 2. TEM micrograph of epoxy-PBD (10%) 
cured with anhydride 
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