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Abstract

The Reversible Addition-Fragmentation Chain Transfer (RAFT) copolymerization of styrene (S) and divinylbenzene
(DVB) was performed at temperature range 110 to 150 °C in aqueous suspension, using AIBN as thermal initiator
and 2-dodecylthiocarbonothioylthio-2-methylpropionic acid (DDMAT) as RAFT agent. A pressurized stirred
reaction vessel with 1 L capacity was used. Sampling was performed at different reaction times, thus allowing the
measurement of the dynamics of monomer conversion and gel formation. The soluble fraction of these samples was
analyzed by size exclusion chromatography with simultaneous detection of refractive index and multi-angle laser
light scattering (SEC/RI/MALLS). Reaction-time evolution of molecular weights and z-average radius of gyration
was thence measured before and after gelation. The concentration of pendant double bonds (PDB) present in the
network structure was also measured trough iodine chloride titration. Operation parameters such as the reaction
temperature, initial mole ratio DDMAT/AIBN, amount of DVB in monomer mixture and dilution of the monomers
in the organic phase were changed along the experimental program. In order to analyze the impact of the
polymerization technique used on the structure of the networks, similar free radical (FRP) and nitroxide mediated
radical polymerization (NMRP) runs were also performed.
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(1): Time evolution of monomer conversion during the aqueous suspension RAFT polymerization of S/DVB at 130 °C (DDMAT/AIBN=2).
Results for a similar NMRP run are also shown. (2): Measured molecular weight dynamics during the aqueous suspension RAFT polymerization
of S and S/DVB. Both runs at 130 °C with DDMAT/AIBN=2. (3): Measured dynamics of PDB concentration (mol PDB/g polymer) during the
RAFT S/DVB copolymerization with 5% DVB in the monomer mixture.

This experimental program is accompanied by kinetic modeling studies aiming at the prediction of key features of
S/DVB network formation. A general kinetic approach"® allowing the calculation of molecular weight, z-average
radius of gyration and sequence lengths is considered. Prediction capabilities of the kinetic models are assessed
trough the comparison with experiments. Mechanistic dissimilitude between RAFT, NMRP and FRP and also the
impact of the synthesis technique considered on the molecular architecture of the networks is thus studied. Non-ideal
crosslinking (e.g. intramolecular cyclization) is investigated and a few engineering rules are established to design
polymer networks with enhanced structural homogeneity.
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