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Eindhoven University of Technology, Department of Mechanical Engineering

Introduction
Brittle polymers like PMMA and PS have to be modified to
be suitable as construction materials. Maximum toughness
is expected upon addition of nano-sized core shell-like par-
ticles with a liquid or crystalline core to promote easy cav-
itation and an easily deformable rubber shell of high elas-
tic modulus to enhance strain hardening in the deforming
ligaments. (Pre-) cavitation is necessary to release triaxial
stresses upon loading 1.
A route to synthesize such systems is by self-assembly of
block copolymers in a reactive solvent (monomer) into micel-
lar morphologies followed by in-situ polymerization. One of
the main problems in this preparation route is the occurrence
of macrophase separation, which results in block copolymer-
rich and homopolymer-rich domains and prevents formation
of nano-sized core shell-like particles.

Materials
Several di- and triblock copolymers were synthesized by
ATRP. Some characteristics are shown in Table 1.

Table 1: Overview of some block copolymers synthesized. Molecular

weight (distribution) is determined by SEC.

block composition A/B(/C) Mn (SEC) PDI
copolymer (kg/mol) (kg/mol)
PEB-PBA 4/22 26 1.20
PEB-PBA 4/48 52 1.11

PEB-PBA-PMMA 4/22/57 83 1.77
PEB-PBA-PMMA 4/22/32 58 1.50
PEB-PBA-PMMA 4/38/25 68 1.27

Results
SAXS is performed on di- and triblock copolymers in solu-
tion and structure development of PMMA/block copolymer
blends is studied. At room temperature, macrophase sep-
aration occurred in an early stage of polymerization 2. The
scattering pattern of a 20 wt% diblock copolymer solution
shows an order-disorder transition at 0◦C (Fig. 1a). To end
up with the desired structure, micelles should be present be-
fore polymerization. This can be achieved by lowering the
temperature, causing stabilization of micelles (Fig. 1b). Vitri-
fication occurs upon polymerization at -40◦C and prevents
macrophase separation. Polymerization of diblock copoly-
mers resulted in sticky samples, indicating that macrophase
separation had occurred (Fig 2.), which can be circumvented
by using triblock instead of diblock copolymers.

Fig. 2: Light microscopy images showing macrophase separated

PMMA blends containing diblock copolymer a) 5wt% PEB4-PBA48,

b) 5wt% PEB4-PBA22, and c) 20wt% PEB4-PBA22.
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Fig. 1a): Solution of 20 wt% PEB4-PBA22 in MMA. Above 0◦C (the

order-disorder transition) no micelles are present. b) Schematic

phase diagram showing the order-disorder transition upon heat-

ing/cooling.

Although macrophase separation cannot be detected by op-
tical or electron microscopy (due to matched refractive in-
dices), even these samples seem to have a stratified struc-
ture (Fig. 3). Infrared analysis shows that the upper part of
the sample is rich in block copolymer and the bottom almost
entirely consists of PMMA (Fig. 4).

Fig. 3: Cross section after fracture of a tensile bar containing 20

wt% PEB3.8-PBA38-PMMA25.
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Fig. 4: FTIR spectrum of top and bottom of a sample polymerized at

-40◦C. Spectra of PMMA and PMMA-PBA are shown for comparison.

Conclusions
The samples are stratified and not homogeneous. Because of
the high molecular mass of PMMA (106 g/mol) compatibility
with block copolymer is low and might be a driving force for
macrophase separation.
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