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Effect of MCM-41 nanoparticles on the kinetics of free radical
and RAFT polymerization of styrene
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Abstract To examine the effect of mobil composition of

matter 41 (MCM-41) nanoparticles on the kinetics of free

radical and 2-(dodecylthiocarbonothioylthio)-2-methyl-

propionic acid (DDMAT)-mediated reversible addition

fragmentation chain transfer (RAFT) polymerization, the

polymerization reaction using various amounts of as-syn-

thesized MCM-41 were performed. To study the reaction

kinetics, conversion, molecular weight and polydispersity

index (PDI) were obtained during the polymerization. Also,

differential scanning calorimetry (DSC) was used to deter-

mine the glass transition temperature (Tg) values of samples.

According to the results, in free radical polymerization,

conversion was increased by adding nanoparticles but the

reverse trend was observed in RAFT polymerization. The

same results were obtained for molecular weight values. In

free radical polymerization, increasing the MCM-41 content

led to higher PDI value, while in RAFT polymerization it did

not appreciably affect the PDI value. In RAFT polymeriza-

tion, no induction time was observed which indicates that

DDMAT is an appropriate RAFT agent for styrene poly-

merization. Also in free radical polymerization, the addition

of MCM-41 particles reduced Tg values in comparison to

neat PS. On the other hand, there was an increase in Tg value

up to 5 wt% of MCM-41 loading and a drastic reduction was

observed in 7 wt% MCM-41 loading in the RAFT poly-

merization. Finally, the Tg values of nanocomposites pro-

duced by RAFT method were higher than those in the

nanocomposites synthesized using the free radical method.
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Introduction

Incorporation of particles, mainly layered silicates [1, 2],

nanotubes [3, 4], and spherical silica particles [5, 6], into

organic polymeric materials has been the subject of growing

interest in different technological innovations. These hybrid

materials have been used in gas separation process [7], flame

retardants [8], reinforced composite materials [9, 10] and

other high demanding materials with improved electrical

[11, 12] or mechanical properties [13, 14]. Since the first

report of synthesizing mesoporous silica by scientists of

Mobil Oil Company [15, 16] in 1992, it has attracted atten-

tion of both industry and academia due to their diverse

potential applications; including catalysis [17], filtration

[18], chromatography [19], etc. The most well-known type

of this class of materials is mobil composition of matter

41(MCM-41). The MCM-41 has attracted scientists’ atten-

tion due to its good thermal stability, very large void fraction

which can affect the kinetics of reaction, rather low density
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