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W oX & H Effect of hydrogen abstraction ability of peroxide on the processabilities of
peroxide-induced slightly crosslinked poly(L-lactide)

Reactive extrusion of poly(L-lactide) (PLLA) was carried out in the presence of a
small amount of various peroxides. Crosslinking behavior, molecular architecture and
crystallization behavior of resulting slightly crosslinked PLLA (x-PLLA) were
investigated. Peroxides were classified into two classes according to their decomposition
rates (Class 1: fast, Class 2: slow) and comparison were performed within each class.
Crosslinking behavior was readily understood in terms of hydrogen abstraction ability of
radicals derived from peroxide decomposition and lifetime of peroxides. In the case of
Class 2, the weight-averaged molecular weight (My) of %-PLLA increased with overall
hydrogen abstraction ability. In Class 1 with short lifetime, M, and gel fraction were
higher than Class 2 despite Class 1’ slower hydrogen abstraction ability. These results
indicates that hydrogen abstraction ability and lifetime of peroxide seems to be good
indices for the crosslinked efficiency.

To clarify the relationship between these two indices and molecular architecture, four
peroxides (dibenzoyl peroxide: BPO, OO-(¢-butyl)O-(2-ethylhexyl) peroxycarbonate:
TBEC, t-butyl peroxy benzoate: TBPB and dicumyl peroxide:DCP) were selected. And
molecular architecture of y-PLLA were characterized by both size exclusion
chromatography equipped with multiangle laser light scattering (SEC-MALS) and
rheological measurements. As for (-PLLA induced by TBEC, TBPB and DCP at 200°C
in Class 2, it is clear that the content of long-chain branched PLLA (LCB-PLLA) with
a high M, increases with increasing the overall hydrogen abstraction ability times the
mole ratio of radical number per PLLA precursor molecule. On the other hand, as for
%-PLLA induced by BPO at 200°C and TBEC at different extrusion temperature in
Class 1, it is assumed that the content of LCB-PLLA with a high M, increases with
peroxide lifetime. From the result of My-zero shear viscosity relationship, the molecular
architecture for LCB-PLLA seems to be a tree-like as well as low density polyethylene.
Furthermore, in the case of crystallization behavior from the melt, the Avrami
crystallization rate constant of x-PLLA increases as an increase LCB-PLLA content and
its degree of branches. This implies that LCB-PLLA acts as a nucleating agent.




