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ABSTRACT: Polystyrene-block-polybutadiene-block-poly[(methyl methacrylate)-stat-(methacrylic acid)]
(SB(MA)) block copolymers incorporating acid-reactive functionalities in the last block have been
synthesized and studied as modifiers for epoxy thermosets based on the diglycidyl ether of bisphenol A
(DGEBA). Different techniques including differential scanning calorimetry (DSC), Fourier transform
infrared spectroscopy (FT-IR), and transmission electron microscopy (TEM) have been used to demonstrate
the effectiveness of the reaction-induced modification compared to that with the nonreactive or slowly
reacting polystyrene-block-polybutadiene-block-poly[(methyl methacrylate)-stat-(tert-butyl methacrylate)]
SB(MT) triblock copolymer. Morphological characteristics revealed by TEM indicate that SB(MT) and
SB(MA) are both miscible with the epoxy prepolymer. The kinetics of grafting, network formation, and
possibly phase separation were quantified from FT-IR, DSC, and cloud point investigations of DGEBA/
DDS (4,4′-diaminodiphenyl sulfone) as an epoxy-thermoset model system in the presence of poly[(methyl
methacrylate)-stat-(methacrylic acid)] (HT121) or the block copolymers. The cure of the thermoset/block
copolymer system has been explored using six different curing processes: 2-phenylimidazole (2-PI), alone
or in the presence of methyltetrahydrophthalic anhydride (MTHPA) as comonomer, accelerated dicyan-
diamide (DICY), and three different diamines as comonomers without accelerator: 4,4′-methylenebis(3-
chloro-2,6-diethylaniline) (MCDEA), 4,4′-methylenedianiline (MDA), and DDS. The use of reactive block
copolymers instead of nonreactive ones permits a better control of morphology. The materials’ performances
are analyzed in terms of transparency, glass transition temperature, Tg, and linear elastic mechanics at
break (critical intensity factor, KIC).

Introduction
Epoxy-based thermosets, thanks to their two compo-

nents implementation, are choice elements for varying
the characteristics of the end products following a quasi-
infinite variety of recipes. To give only one example, the
glass transition temperature of an epoxy-amine net-
work can be finely adjusted between -15 and 220 °C
as a function of the diamine used in the formulation.
As a result, these materials are present in a broad range
of applications such as adhesives, printed wiring boards,
heavy duty and powder coatings, automotive and air-
craft equipment, and so on.

Rubber-modified epoxies are widely described in the
literature.1 The aim of these systems is to reinforce
(improve the properties of strength at break) brittle
epoxide networks with a rubbery dispersed phase.2-5

Among them, reactive liquid rubbers, like CTBN (car-
boxyl-terminated butadiene acrylonitrile), are probably
the most popular. Substantial toughness improvements
at low loadings while minimizing the effect on other
important properties are a major issue. As the consid-
ered materials are heterogeneous, this may be achieved
only through a careful control of phase separation and
morphologies.

Hierarchic materials with a well-defined organization
at different length scales are readily obtained from
mixtures of block copolymers with homopolymers. This
property is exploited in SBM (polystyrene-block-poly-
butadiene-block-poly(methyl methacrylate) triblock co-
polymers) reinforced materials in which the amount of
the elastomeric inclusions can be limited to the strictly
necessary quantity due to the spontaneous formation
of core-shell inclusions. Ideal blending conditions are
fulfilled when the homopolymer is compatible with one
of the copolymer’s blocks; this concept has been used
by ATOFINA6,7 for the reinforcement of PMMA-compat-
ible thermoplastics. Thus, SBM-reinforced poly(vinyl-
idene fluoride) (PVDF) and poly(vinyl chloride) (PVC)
have improved mechanical properties: they keep high
modulus and are super-tough.

Extending the same strategy to thermosets rises a
particular difficulty: on curing, the chemical nature of
the material is varying with time; as a result, a block
copolymer selected for a given curable compositionsfor
instance, a diblock with one of the blocks compatible
with the reactive mixturesmay become completely
inappropriate once curing is completed. Ideally, the
block copolymer entering in the composition has to be
compatible with the matrix at any stage of the curing.
Epoxy/block copolymer blends have been investigated;8-14

there are several examples in which this condition has
been fulfilled: Könczöl et al.9 obtained submicronic
dispersions of polycaprolactone-block-poly(dimethyl-
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