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Because, polyethylene oxide nonionic emulsifiers have been used in a wide
range of academic and industrial fields especially emulsion polymerization for
preparation of polymer colloids, it is interesting to investigate the mechanism and role
of these emulsifiers when they are in the polymerization. Only a few works has been
published dealing with the detailed mechanisms whereby these emulsifiers operate.
Recently,  previous work reported that emulsifier is incorporated inside polymer
particles during the polymerization process. In a general, this leads to low efficiency of
the emulsifier (the incorporated fraction does not operate as colloidal stabilizer), and
there are also adverse effects on polymer properties. On the other hand, the incorporated
emulsifier inside particles can operate as a promoter for the formation of hollow
structure in seeded emulsion polymerization. In addition, polyethylene oxide
anionic-nonionic emulsifier also widely used in industrial applications is considered the
possibility to be incorporated inside polymer particle.

In a general, polymer obtained from emulsion (radical) polymerization are the
lack of-control over the molecular weight, molecular weight distribution, the end
functionalities, and the macromolecular architecture. For that reason, controlled/living
radical polymerization (CLRP) developed to synthesis polymers with narrow molecular
weight distributions and complex microstructure was alternative technique to apply in
emuision polymerization because it shows ali the desirable traits of conventional
emulsion polymerization while providing the necessary control to produce polymers
with complex architecture. Recently, there are many CLRPs used in emulsion system
while no report of the novel CLRP, organotellurium-mediated living radical

polymerization (TERP), was published. Therefore, the successful achievement of TERP
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in emulsions represents an important challenge. This research is divided to two parts:
(1) study the incorporation of emulsifiers (nonionic and anionic-nonionic emulsifiers)
inside homopolymer and copolymer including the role of incorporated emulsifiers on
particle morphology and formaﬁon (Chapter 1-4); (2) implementation of TERP in
emulsion. polymerization and investigation' the particle formation during the
polymerization (chapter 5). |

Chapter 1, the influence of the kind of base polymers and of nonionic
emulsifiers on the incorporation was studied. Moreover, optimization of a direction
measurement of incorporated emulsifiers was investigated. Poly(methyl methacrylate)
(PMMA), poly(ethyl methacrylate} (PEMA), and poly(iso-butyl methacrylate)
(Pi-BMA) particles were prepared by emulsion polymerizations with different nonionic
emulsifiers, having similar hydrophilic-lipophilic balance (HLB) values but different
structures, (polyoxyethylene lauryl ether (Emulgen 109P) and polyoxyeihylene
nonylphenyl ether (Emulgen 911) nonionic emulsifiers). Polymerization reactor
containing 10 wt% (60 g) of each monomer in emulsifier (0.5 wt %) aqueous solution
(520 g) were carried out at 70°C under a stirring rate of 120 rpm. The polymerization
was initiated with KPS (1.2 wt %) aqueous solution, (20 g). Before measurement the
amouﬁts of the incorporated nonionic emulsifiers, optimization of compositions of
2-propanol aqueous solutions to remove the nonionic emulsifier from the particle
surfaces without removal from the insides were studied. The optimurrf washing solvent
for PMMA, PEMA and Pi-BMA are 25 wt%, 20 wt% and 20 wi% of 2-propanol

aqueous solution, respectively. The emulsions were washed by optimum concentrations
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of 2-propanol with centrifugation method at approximately 15,000 rpm before measured

incorporated emulsifiers by gel permeation chromatography. The incorporation

increased in the order of PMMA > PEMA > Pi-BMA according to the order of

miscibility between each polymer and the emulsiﬁer. That is, there was an obvious
effect of the kind of base polymers on the incorporation of the nonionic emulsifiers
inside particles. The incorporation seems to be base on the affinity between emulsifier
and the polymers (monomers).

Chapter 2, influence of nonionic emulsifiers with different HLB values on
particle morphology in emulsion polymerization was studied. Emulsion
copolymerizations of styrene (S) and methacrylic acid (MAA) (10 mol %) with various
nonionic emulsifiers having HLB range of 13.7-17.2 were prepared. The polymerization
procedure is the same as described in Chapter 1. The emulsification state with lower
HLB (E911) value emulsifier was worse than that with higher emulsifiers. For the
lowest HLB value (lower interfacial area between monomer droplet and aqueous phase),
MAA was predominantly polymerized over S (much different in water solubility) in the
early stage of the copolymerization, resulting in predominant (heterogeneous)
distribution of MAA units in the inside of the final polymer particles. In the higher HLB
emulsifiers (higher interfacial area), styrene and MAA were simultaneously
copolymerized, resulting in homogeneous MAA distribution. From the view point of the
difference in S concentration in polymerizing particles during the polymerization of
different emulsifiers supported that the emulsification state greatly affected the

emulsion copolymerization and morphology of the prepared carboxylated particles. The

(K4 : CHAIYASAT Amomn NO. 4)

amount of MAA unit at the particle surfaces increased with the increase in the HLB
value. Ther percentage of incorporation of the nonionic emulsifier inside the particles
was the highest (49 % based on the total amount of the emulsifier) in the lowest HLB,
whereas it was 1 % in the highest HLB.

Chapter 3,.inﬂuence of incorporation on particle formation and incorporated
emulsifier behavior during emulsion copolymerizations of styrene and methacrylic acid
were studied. Polyoxyethylene nonyl phenyl ether nonionic emulsifiers having various
HLB values (13.7; Emulgen 911; 15.5, Emulgen 920; 17.2, Emulgen 931) were used as
emulsifier. The polymerizations were carried out using reaction calorimetric technique
at 70°C and the stirring rate of 200 rpm and initiated with KPS. The incorporation
behavior of the nonionic emulsifiers, comprising polydisperse poly(ethylene oxide)
(PEO) chain lengths, inside the particles was investigated. At the completion of the
polymerization, the incorporated percentage of the lowest HLB emulsifier was 61%,
much higher than that (10%) of the highest HLB one. In both polymerizations, the
amounts of the incorporated emulsifiers increased with conversion, and shorter PEO
chain (i.e., lower molecular weight) components were predominantly incorporated over
longer PEO chain components. Secondary nucleation would take place by homogeneous
nucleation for the higher incorporation (E911), and unstable secondary particles were
adsorbed onto the large particles resulting in monodisperse nonspherical particles. The
lower incorporations (E920 and E931) gave more stable secondary particles and thus
less adsorption onto the preformed particles, resulting in polydisperse particles
(spherical small and nonspherical large particles).

Chapter 4, influence of various concentrations of polyoxyethylene nonylphenyl



(X4 : CHAIYASAT Amorn NO. 5)

ether sulfate (Hitenol N-08) anionic-nonionic emulsifier on the preparation of
polystyrene (PS) and copolymer of styrene-methacrylic acid (P(S-MAA)) particles by
emulsion polymerization were studied. The polymerization procedure is the same as
described in Chapter 1. The incorporation of Hitenol N-08 inside both polymer particles
was not observed because it is high water solubility and most of them partitioned in
aqueous medium. The polymer particle size is dependent on the amount of emulsifier
partitioned in the aqueous medium. The particle size prepared with the emulsifier
having concentration in aqueous medium below critical micelle concentration (CMC)
was larger than that of an emulsifier having concentration above its CMC. The
P(S-MAA) and PS polymer particles obtained from the different concentrations of
anionic-nonionic emulsifier were shown monodisperse particle.

Chapter 5, Oganotellurium-mediated emulsifier-free emulsion polymerization
of S using poly (methacrylic acid)-methyltelluride (PMAA,TeMe, x=30) was
implemented. The reactor containing aqueous solution of S (0.015 mol), PMAA-Te
(0.0375 mmol) and 4,4’-azobis(4-cyanovaleric acid) (V-501) (0.0375 mmol) was
polymerized under N, and stirring rate for 220 rpm. - Temperature and pH
polymerization conditions were optimized in order to control over the system. The
particle formation would take place by self assemble of PMAA3z;-TeMe added with a
few unit of S and then act as the ioci of polymerization. The polymerization carried out
smoothly without monomer droplet polymerization. At the conditions of 60 °C, pH 8; 60
°C, pH 12 and 70 °C, pH 12 gave well in livingness éven if PDI are high (approximately

2.5) at the complete polymerization.
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I believe that the results will be of significant interest both from an academic and

industrial perspective.
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