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ABSTRACT: Reactive blending is used as a tool for the synthesis of graft copolymers of poly(methyl methacrylate)
and polyamide-6 (PMMA-g-PA). The grafting reaction occurs between the amino end group of PA and glutaric
anhydride units randomly distributed along the PMMA backbone. The anhydride units are formed by thermal
treatment (typically above 180°C) of a precursor PMMA bearing a low fraction of methacrylic acid units (5 or
10 mol %). With this method, it is possible to control the amount of anhydride units without degradation or
cross-linking of the PMMA chains. The resulting blends with PA are characterized by size exclusion
chromatography in benzyl alcohol at 130°C and selective extraction of ungrafted PMMA chains. Combining
these techniques, we were able to estimate the fraction and the average composition of the graft copolymers
synthesized in situ during the blending process. High fractions of graft copolymer (35-75 wt %) are obtained in
all the blends studied in this work. A higher amount of graft copolymer is obtained by increasing the amount of
PA in the blend or the anhydride content on a functionalized PMMA. Optimum grafting is also influenced by the
remaining acid groups on the PMMA chain. These groups are expected to contribute to the reversible interactions
(hydrogen bonding) between PMMA and PA at the interface.

Introduction

Polymer blends can be compatibilized either by addition or
in-situ formation of copolymers with various architectures.1 The
latter occurs when the polymers bear mutually reactive groups
(reactive blending). In-situ graft copolymer formation depends
not only on the kinetics of the reaction between functional
groups2 but also on polymer lengths, incompatibility between
polymers, and the number and position of reactive groups.1,3-9

Furthermore, the interface, between the components, has to
remain accessible to ungrafted chains for further grafting.
Copolymers can leave the interface spontaneously providing that
they are short enough and diffusion of the graft copolymer far
from the interface is possible.4,10-13 As a consequence, grafting
yields can range from a few percent to almost complete
reaction.4,8,10,14,15From this point of view reactive blending can
be used as a technique for the synthesis of graft copolymers
and nanostructured polymer materials with novel properties and
high potential in applications.4,8,10,14Some of these copolymers
cannot be obtained by other conventional techniques.8

In this work, we study the synthesis of graft copolymers of
poly(methyl methacrylate) and polyamide-6 by reactive blend-
ing. We focus on the design of the PMMA/PA system to achieve
high yields of graft copolymer during blending. The complete
characterization of the ternary blends and the graft copolymers
is thus a prerequisite for this study.

Functionalized PMMA can be obtained by copolymerization
of methyl methacrylate (MMA) and methacrylic acid (MAA)
monomers (P(MMA-co-MAA) copolymers). Acid groups do not
react fast enough with the amino end groups of polyamide to
obtain high grafting yields within blending time.2 However, upon
heating, typically above 180°C, methacrylic acid units can react
with their neighbors, either acid or ester, to form intramolecular

six-membered glutaric anhydride groups (Figure 1).16-19 These
anhydride groups present significant interest as they are much
more reactive than carboxylic acid groups toward amino
groups.2,20 As a result, functionalized PMMA can be used for
reactive blending with polyamide to yield multigraft copolymers.

The full characterization of reactively compatibilized polymer
blends remains a challenge. Fractions of grafted species are
usually deduced by mass balance after selective extraction of
ungrafted chains of each component.8,21This method also allows
recovery of pure graft copolymer for further analysis when
selective solvents are available. For instance, blends of poly-
ethylene and polyamide were completely characterized using
chloroform and formic acid as selective solvents.8,22 To our
knowledge, there are selective solvents to recover PMMA, but
not PA chains, from PMMA/PA mixtures. Size exclusion
chromatography (SEC) is an alternative to characterize grafting
reactions in polymer blends.4,8,10,11,14,23,24SEC can give access
to grafting yields and/or molecular weight evolution (grafted
species or precursor polymers). SEC is a relevant technique as
far as there is enough resolution between the average molecular
weight of the components and no additional grafting occurs
during the analysis. For instance, when blends of aminated and
maleated polymers were characterized by SEC, phenyl isocy-
anate has to be added prior to the analysis to quench remaining
amino groups and avoid additional grafting during the analysis.14

For some mixtures, SEC detectors can be highly sensitive to
one component. As a consequence, low amounts of grafted
species can be detected. High detector response can also be
achieved with fluorescent labeled polymers and use of a
fluorescence detector.11

In the first part of this work, we report on the formation of
anhydride groups on P(MMA-co-MAA) copolymers using
thermal treatments. The functionalized PMMA, as modified, are
then blended with PA chains of relatively low molecular weight
to obtain blends with a high fraction of graft copolymer
(PMMA-g-PA). In the second part, we use a combination of
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