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Kinetics Dependence of RAFT Emulsion Polymerization of
2-Ethylhexyl Acrylate on Initiator Concentrations

Huanxin Ni and Yingwu Luo*

Reversible addition-fragmentation chain transfer (RAFT) emulsion
polymerization with a well-designed amphiphilic macroRAFT agent as a
surfactant has been well-developed as a powerful tool to synthesize high
molecular weight multiblock copolymers. However, the polymerization
kinetics research has been mostly limited to styrene polymerization. It has
been reported that the dependence of the particle number on initiator
concentration is described by NI{,oc[I]‘°'4 in amphiphilic macroRAFT-mediated
emulsion polymerization of styrene, which surprisingly deviates from the
classical Smith—Eward equation. In the current study, the dependence of
polymerization kinetics on the initiator concentration in the RAFT emulsion
polymerization of 2-ethylhexyl acrylate (EHA) is investigated. It is revealed that
the dependence of the particle number on initiator concentration (N, x[I]~%°)
is similar to that of styrene but the exponent is less. Additionally, compared to
styrene polymerization, the inhibition period in EHA polymerization is

eco-friendliness, ease of handling, and
efficient heat transfer but also that its
polymerization kinetics is featured with
radical-segregating effect enabling the
synthesis of high molecular weight poly-
mer in a high polymerization rate.['! The
latter reason is particularly attractive for
RDRP.

RAFT emulsion polymerization has
shown a remarkable radical segregation
effect when mediated by a RAFT agent
with a relatively low RAFT reaction equi-
librium constant.'”] Through extensive
researches, RAFT emulsion polymeriza-
tion has been developed into a powerful
tool to tailor-make high-molecular-weight
living polymers with pre-set molecular

significantly extended due to the much lower water-solubility of

EHA.

1. Introduction

Reversible deactivation radical polymerization (RDRP) has re-
ceived tremendous attention and has been extensively investi-
gated in the past three decades.!"! It is generally believed that
many new products should be developed based on RDRP. How-
ever, only a limited number of products are commercialized.l”="]
Most of these are block copolymer of low molecular weight as a
dispersant and an emulsifier.112] The synthesis of high molec-
ular weight block copolymer is very important for widening
RDRP’s industrial applications.

Carrying out RDRP in a water-based emulsion polymer-
ization is highly relevant.'>1%) The reasons are not only that
emulsion polymerization is widely used in industry due to its
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weight and narrow molecular weight
distribution.[’*2%)  Exploiting a  well-
designed amphiphilic macroRAFT agent
as a surfactant and seeded polymerization
process, well-defined polystyrene with number-average molecu-
lar weight over 500 kg mol~! was synthesized while monomer
conversion could reach over 90% =10 h.2'?2l An octo-block
copolymer of styrene and butyl acrylate (BA) could also be syn-
thesized under good control.!?3]

Polymerization kinetics plays a vital role in the design of a well-
controlled RAFT emulsion polymerization. The well-accepted
emulsion polymerization mechanism was proposed by Harkins
in 1947.%41 Tt was proposed that the latex particles, which in
situ formed from micelles during the nucleation period(Stage
1), should be served as the main location of polymerization and
emulsified monomer droplets were acted as a monomer reser-
voir. In a typical emulsion polymerization of styrene, radicals are
born in the aqueous phase and then react with monomer dissolv-
ing in the aqueous phase. Radicals in the aqueous phase could
terminate each other or enter the particles. Those radicals with
a critical degree of polymerization z (for styrene, z = 2-4) would
instantaneously enter the particles.[?® The number of radicals in
a particle is assumed to be one or zero since two radicals in a
particle would terminate instantaneously. Thus, radicals isolated
in the particles are difficult to terminate. This highly radical seg-
regation offers a unique method for suppressing the irreversible
termination while maintaining a high polymerization rate, which
is relevant in synthesizing high molecular weight living polymer
by RAFT polymerization. The particles with and without a radical
would switch by a radical entry. It has been shown that the switch-
ing rate should be high enough to achieve a narrow molecular
weight distribution in a RAFT emulsion polymerization.[22] So,
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