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Fig. 1

Samples extracted from reaction system at different

times for St and MMA surfactant-free emulsion polymerization in
aqueous solution of PEG

H,0=64% , St =10% , MMA =10% , PEG = 15% , KPS =

0.8% , NaHCO, =0.2% , T =88°C
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Fig. 2 Images of reaction system at different times by OLYMPUS microscopy at high magnification for St and MMA surfactant-free emulsion

polymerization in aqueous solution of PEG

a) t=0 min; b) t=10 min; ¢) ¢t =30 min; d) ¢t =60 min; e) t =74 min

H,0=64%, St =10% , MMA =10% , PEG =15% , KPS =0.8% ,
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Fig. 3 Conversion of polymerization with time for St and

MMA surfactant-free emulsion polymerization in aqueous
solution of PEG

H,0=64% , St=10% , MMA =10% , PEG =15% , KPS
=0.8% , NaHCO; =0.2% , T =88C
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Fig. 4 Curves of volume (a) and number (b) average particle size and distribution at different times for St and MMA surfactant-free

emulsion polymerization in aqueous solution of PEG

H,0=64% , St=10% , MMA =10% , PEG =15% ,

KPS =0.8%

, NaHCO, =0.2% ,

T=88C

Fig. 5

aqueous solution of PEG

a) t=10 min; b) =30 min; ¢) ¢t =60 min; d) ¢t =74 min

H,0=64% , St=10% , MMA =10% , PEG =15% ,
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Images of reaction system at different times by TEM for St and MMA surfactant-free emulsion polymerization in

T=88C
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Fig. 6  Zeta potential with reaction time for St and
MMA  surfactant-free  emulsion  polymerization in
aqueous solution of PEG

H,0=64% , St =10% , MMA =10% , PEG =15% ,
KPS =0.8% , NaHCO; =0.2% , T=88C
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Fig. 7 Mechanism of nucleation for St and MMA surfactant-free emulsion polymerization in

aqueous solution of PEG
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PARTICAL SIZE EVOLUTION IN SURFACTANT-FREE EMULSION
COPOLYMERIZATION OF STYRENE AND METHYL
METHACRYLATE IN AQUEOUS SOLUTION OF
POLY(ETHYLENE GLYCOL)

SHI Yiming, SHAN Guorong
( State Key Laboratory of Chemical Engineering ( Zhejiang University) , Department of Chemical Engineering ,
Zhejiang University , Hangzhou 310027 )

Abstract The surfactant-free emulsion polymerization ( SFEP) of styrene and methyl methacrylate carried out
in the aqueous solution of poly ( ethylene glycol) (PEG) was studied. With high power optical microscope,
Coulter counter and transmission electron microscopy , particle size, particle size distribution and zeta potential
were measured in the process of polymerization. It is interesting to observe that the polymer particle size
experiences a process from small to large, which can be more than 1000 pm,and then from large to small,
which is back to a range of 0.04 ~ 0.18 pum. When the particle size returns to nanometer scale, the system
has an obvious temperature rising. This phenomenon is different from the traditional nucleation mechanism of
SFEP. The particle,which is formed by the homogeneous nucleation or oligomer micelle nucleation mechanism
that is popularly received as traditional nucleation mechanism of SFEP  usually has a trend to become bigger
and bigger to the end in the process of SFEP. It is obviously found that the freshly formed particles are first
coalesced to form a particle pile,which is bigger than 1000 wm and even seen with eyes, and then corrupted
into tinny ones,which are smaller than 0. 04 pm and even beyond the ability of high power optical microscope.
With transmission electron microscopy (TEM) , it was clearly proven the existence of paricle pile which was
composed of a lot of little particles ranging from 40 nm to 80 nm. And by use of Coulter zeta potential
measurement , it was found that the zeta potential of particles had a trend from low to high level ,and experenced
abruptly increase in zeta potential at 60 min which was just the time that the little particle seperated from the
paricle pile. This phenomenan was very different from the system that SEFP was carryed out in water without
PEG,in which the zeta potential of particle was keeping about —50 mV and just changed a little after 50 min.
It was reasonble to think that the potential increase was the driving force to make the little particles to escape
from the particle pile. Therefore ,the mechanism of coalescence-separate nucleation is proposed.

Keywords Poly( ethylene glycol) , Surfactant-free emulsion polymerization, Particle size and its distribution



