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ABSTRACT: In semicrystalline polymers, important toughening is obtained with dispersions of rubber particles.
However, adding rubber most often induces a substantial loss in elastic modulus. In the present study, we investigate
how to avoid such softening by using ABC triblock copolymers with low rubber content. A polyamide-12 matrix
is toughened with polystyrene-block-polybutadiene-block-poly(methyl methacrylate) (SBM) triblock copolymers
containing less than 40 wt % of rubber. We compare the mechanical properties of such systems to those of
polyamide-12 toughened with pure reactive rubber. Impact properties are characterized by instrumented Charpy
testing and post-mortem observations of crack surfaces. We report that dispersions of 10-20 wt % of SBM
improve remarkably the impact strength, even at low temperature, without altering the elastic modulus of the
polyamide matrix. Microscopic observations suggest that the large differences in impact strength between pure
rubber and SBM-filled polyamide arise from differences in particle size and cavitation stress. Three-point bending
measurements and dynamic mechanical analysis show that the high modulus of polyamide toughened with SBM
is directly related to the low rubber content of the SBM copolymer and that softening also seems to be attenuated
by the presence of hard glassy domains of S and M acting as stiffening agents.

Introduction
The impact performances of semicrystalline polymers includ-

ing polyamides can be greatly enhanced by the incorporation
of rubber fillers.1-3 A strong toughening effect is achieved when
the rubber phase forms a submicron-sized dispersion which is
usually obtained thanks to reactive blending.3,4 However, this
toughening technique often requires a substantial concentration
in filler of the order of 10-20 wt % which, in turn, implies a
significant loss in elastic modulus. Using block copolymers
instead of pure rubber is an interesting way to solve this issue.5-9

The amount of rubber in the filler can be reduced by introducing
glassy blocks while fine dispersions of block copolymers can
still be achieved through reactive blending. For example,
Oshinski et al. showed that dispersing 20% of maleated
polystyrene-block-poly(ethylene-butene)-block-polystyrene tri-
block copolymers yields as much toughening as 20% of pure
rubber. Hence, toughening can be obtained out of block
copolymers dispersions. Still, most block copolymers used in
previous works are rather soft with about 60-70 wt % of rubber.
A question arises whether it is possible to achieve a substantial
toughening with the help of block copolymers that contain only
low fraction of rubber component. If such were the case, it
should then be possible to achieve tough materials exhibiting
high impact strength as well as high modulus. In the present
study, we demonstrate the applicability of such a strategy to
design tough and stiff polyamides by dispersing an ABC triblock
copolymer containing less than 40 wt % of rubber.

Numerous studies have shown that the elastic modulus and
impact strength of toughened systems can be tuned separately.
On one hand, the overall elastic modulus of polymer blends is

a function of the blend composition, morphology, and the elastic
moduli of the components.10-12 When particles are dispersed
into a matrix as is the case here, the overall elastic modulus is
mainly determined by the volume fractions and elastic moduli
of both the matrix and the filler. The size of the dispersion does
not have a significant effect.13 On the other hand, experi-
mental13-21 and theoretical22-26 studies show that the role of
rubber in toughening of semicrystalline polymers is mostly
related to the cavitation of the filler. The high dilative stresses
produced in front of a growing crack induce the formation of
voids in or around the rubber particles. As a result, hydrostatic
pressure is relieved near the voids, and stress is redistributed in
a cellular-like material. Cavitated particles act then as stress
concentrators around which the matrix can deform plastically.
Eventually, if the matrix is sufficiently confined between voided
particles, plastic deformation extends in the whole material
largely dissipating the impact energy. For given impact condi-
tions, the minimum confinement that is required to induce
ductile failure strongly depends on both the matrix nature13,14,21

and the thermomechanical history.27-29 Hence, as long as there
is enough rubber to cavitate and promote toughening, it may
not be necessary that the whole filler particle be of rubber.

Polystyrene-block-polybutadiene-block-poly(methyl meth-
acrylate) (SBM) triblock copolymers are good candidates to
fulfill the objectives of this study. Recently, Corte´ and Leibler
reported that droplet coalescence is strongly inhibited when a
SBM copolymer having a cocontinuous structure is dispersed
into a polyamide matrix.30 As a result, the formation of large
droplets acting as critical defects is prevented, as opposed to
usual immiscible blends. Moreover, if finer dispersions are
required, acid groups can possibly be incorporated into the M
block to form reactive polystyrene-block-polybutadiene-block-
poly[(methyl methacrylate)-stat-(methacrylic acid)] (SB(MA)).31,32

With such block copolymers, the rubber content is controlled
by varying the size of the polybutadiene (B) middle block
relative to that of the glassy polystyrene (S) and poly(methyl
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