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Abstract

Emulsion polymerization’is-one of the most useful techniques for the polymerization in aqueous dispersed
system because it hasia (ot of advantages compared to homogeneous polymerization (bulk and solution
polymerizations). The polymerization rate is much higher than that of the homogeneous polymerization and higher
molecular weight polymer is obtained. Moreover, emulsion polymerization has a high rate of heat transfer during
the polymerization. Finally, it is an environmentally friendly technique due to the utilization of water as medium.
Therefore, it is industrially widely used to produce large amounts of latex for a variety of applications. This article
outlines the overview of emulsion polymerization, particle formation mechanism, and influence of emulsifier

especially the incorporation of emulsifier inside the polymer particle on the particle formation.
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polymerization) N3datAszikuuddBTatU (miniemulsion
polymerization) wagn1saLATIERLUUBTATY (emulsion
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1995: Lovell et al., 1997) Fati PINTOAAINY T19AU
nsrUIuMsdsATiuUUansignedaduidenlsiifeus
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woswesimngaumunsUssgndldauld
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(homogeneous nucleation)” wag “N15NABUAALUY
luwad (micellar nucleation)”
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Aanisuandameaiuieunseniuall inilueuyadase
(free radical) udnAniuszlaiaudiuneusiuesfiazany
ogluth omeldenaulianusnazaredld Bondr
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wodwelswiuazanasaziilensusiueifazanseglusynia
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Propagation in

aqueous phase
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MsHANAUMEAUNENY (steric repulsion) Tagluutinyas
ansanussisdurdnlifivsey (nonionic emulsifier) wu
wod (loiduesnlys) Tulla Wila 1685 (poly (ethylene oxide)
nonyl phenyl ether) n1seaniuM eyl (electrostatic
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Propagation in z-mer entry into

aqueous phase micelle

Radical:
Monomer: M

Emulsifier: m™~"\__~
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Monomer conversion
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Stage 1 Stage 2 Stage 3

Rate of polymerization

/ Monomer conversion \

Stage 1: particle nucleation
Stage 2: particle growth at constant rate

Stage 3: consumption of the remaining monomer
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Disappearance of Disappearance of
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sotnlfiguity iesniivinumesmsanussivin (siadda)
vdudnluegdnsly (incorporation) auniaweditailu
IEWINNTAUATIEA (Chaiyasat et al., 2007; Chaiyasat
et al., 2008; Kobayashi et al., 2009a; Okada et al., 2003;
Okubo et al., 2003; Okubo et al., 2006) ¥ilvioynAnedies
vidowdndasifiddunauveseynianediuesarunsngai
Wilunelulding anmnivinliansanussiaiandlueglu
ounAnedLues Lilosainarsanussieinaiunsaazane
(partition) W1lUluigmavie/uasneauousiosiousiney
SunsduATIYI (Chaiyasat et al., 2007; Chaiyasat et al.,
2008; Kobayashi et al., 2009a; Okubo et al., 2006) 1tz
annsaindeuiidalulusynenedimeinioutuueusies
naln M luegindluaynIATaaNTanLIFNT wanIRg
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wifstusranuidiveweusiuesuaznediues dnsdves
msluneRoondioiiau assa Bises (polyoxyethylene lauryl
ether; Emulgen 109P) %30 wodsandiofiau ludaiiila dises
(polyoxyethylene nonylphenyl ether; Emulgen 911) Hu

M _— \ik‘, Affinity between monomer/polymer —_ . Emulsifier
M 1 and nonionic emulsifier M - Monomer
\ Absorption
2 of emulsifier
M ’J
- \ Emulsion polymerization
M
~ l’
Absorption in monomer-swollen particles
of monomer

Polymerizing particles

Polymer particle

o o

29 4 nalnni1sifia Incorporation vasansanuwssfsRivialufivsealuounianediwessenitnisdunsgiwuudiadu

(Okubo et al., 2006)
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asanussfsilunsduasginediufiammiaiian (polym-
ethyl methacrylate; PMMA) wadtaiiatuniasian (poly-
ethyl methacrylate; PEMA)) uay wodlslgdaluniniian
(poly-iso-butyl methacrylate; P-BMA) n1siinldagluaunia
wodleiavanasann PMMASPEMASP-BMA (manaiitaanas)
(Chaiyasat et al., 2007) wensiinlueglusynanedalaiu
(polystyrene) ¥89 Emulgen 911 %ﬂaaﬂdﬂuaqmmad
Tanedwesees dln3udunsnunia3an [poly(styrene-co-
methacrylic acid; P(S-MAA)] (rafifadino) (Kobayashi
et al., 2009a) MnduAszvnediuasuinfelfulagltans
anussRrIsviindu nsdhlveglusynanediuesavanas
dlearuiifavtoastvemyiefidu sanlud (ethylene oxide)
YosanTanusIRRIiNTY Wy nsldarsanuseiieiavia
Lifivszangunedeandioniau lutia #illa 81503 (CH,,~CH,~
O(CH,CH,0). OH) 7ifi1uau n 1 10.9 (Emulgen 911) 17.2
(Emulgen 920) waz 30.7 (Emulgen 931) lunsduasig
aunAvadlanefiuesvesalaiuiunnumiaiaa Ny
agluaunANeALLoTITanaInINdIWIU n (Chaiyasat et al,,
2008) egnslsfinnn nMsanUsmstillegtndlueynia
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v '
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faRafu) Geagriliansanuseiaiafiazansludlas
vionsdauaizifides Wutenewedadluluseringms
Fuamzidedeiuliiliarsanusedsiudallogluigaia
wIe/laznenuausilas (Okubo et al., 2006)

NI 5 BUMAYE P(S-MAA) Tilvesinangluauniamies
Tngnsdangriuuddatusiuiunisyi alkaline/

cooling treatment (Hai-pu et al., 2009)
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fawddnmsidnlveglusynianediuesvasansaniss
feihwdalufivszgandudeidedoninuainuiazauadss
YosauMANeAWes a8lsinu InAENTRTEIETARKSS
AsfflansnsadilueglusymeanediuesannsatlUldlums
wisneymaTiTivesismelu (hollow particle) (Hai-pu et al.,
2009; Kobayashi et al., 2007; Kobayashi et al., 2009b; Song
et al., 2008) LﬁaLﬁumsmsL?NLmﬂﬁﬁ’uwamﬁmﬁﬁﬁwawmﬂ
silnidluldudorlEvesmansasidanuainaminiy o
ordmadlegmelusymenediuesvesth Fanunsodnly
wieuansanusafsiafisleuiitage) lussvitensdaunsngi
W MaAeNeunA P(S-MAA) fifivilstesianelusynin
fiorfensinldeglusyninuesansanissialy (Emulgen
911) Jamfunstiufimnzauuazimain alkaline/cooling
treatment (Hai-puet al.,, 2009) Fouanasan g 5 wens
wsenaunIAnedesiidnaletesininigluoyninas
woddlasufidnaseiiomaia seedad emulsion polym-
erization (Kobayashi et al., 2007; Kobayashi et al., 2009b)
LARITININT 6 wazdaaseienenssurunsuuudsiaduiily
dafa wedvendefiandises daludadiun (alkyl polyoxy-
ethylene ether sulfosuccinates) [uasanussisia (Song
et ql,, 2008) WAAIFININT 7

wonniinadiluegmelusymenesasanussiii
ETaﬁwam'agﬂs'wuaqauﬂ'1m’mﬁgana”l,nﬂ'm,ﬁ@mgmv-ﬂuswdw
MIAUATIER WU Nsdaunsieit PS-MAA) Tagld Emulgen
911 (muiidatien) war Emulgen 931 (A21wildasn)
\uansanusafiain wuieynnves P(S-MAA) LY Emulgen
911 f3usldidunsenan (nonspherical particle) lngaxil
Rrvgvszuaziinisnszatsfvesuuineyniauay Tuvnei
JUS90 P(S-MAA) Wunsanauuainisnszanesiivessuin
symafinhadlelfasanussiaiadu Emulgen 931 fanmil
8 09910 Emulgen 911 azdnlueglunenueusiuesuaz
auMA P(S-MAA) Tuthsuduresnsdansigiunnnii Emul
gen 931 WonarnluUinameusmosanas mudadures
asanussfsifivdunarldannsnazansluneaveueies
liviun d15ALIIRIRIIE AR RONNIRINTEALB BB WAY/
W3eanuIINoUMANERXeSUNEI IAneyNAlavEe
nivgll (secondary nucleation) du Inseyelsidlunsdl
3l Emulgen 911 axiloymenedimessinnuafiosiooni
nsld Emulgen 931 wilosan Emulgen 911 azmaagﬂi‘luﬂfﬁ
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2

300 nm

(b')‘ (c
300 nm

2 6 ménﬂﬂ‘waSalm%‘uﬁﬁwawmiaqdwmaiuaumﬂ wiilag seeded emulsion polymerization AllUuva@eses
Famlndudsuufiserianududusiieg @ 0.53; b 2.11; ¢ 8.45 (mM lwilunisessusyniaaleiu
(Kobayashi et al., 2007)

300 nm

amidl 7 amanedlanaseuluudensinveanedalasuiilivargtesinnelueuniafivieulaenisdansisikuudiatu
N4safa nedeandiefiay dises dalndadiunduasanussiaia (Song et al., 2008)

Tudsuantesndt vileuniadngminludlududu  Emulgen 931 innuadiesasazliluduiveuninvualve
aunalngiintuneulusendinisdunsed ibiiaves  Jeihlildnedwesninisnsyanefvesvuineyniaiining
aumAvgusERanmd 9 tuwaiefioynadng lunsdvesmsld  nalnnisiineyniruansianing 10

(a)

AMA 8 aunA P(S-MAA) ifuasievismenszuaunsuuudiatunldansanusaisiinninnuiitauanei1eiv: a) Emulgen 911
ez b) Emulgen 931 (Chaiyasat, 2008)
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Wil 9 BUNIA P(S-MAA) Aesdusinanvesnsilisuneusesilunedues fduaseifenszuiunsuuuddatuily

Emulgen 911 \Juansanusafsiia (Chaiyasat, 2008)

a) Lower HLB emulsifier (Emulgen 911)

b) Higher- HLB emulsifiers (Emulgen 931) |

Al 10 nalnmsfineuna P(S-MAA) Tunisdaunseimensguasuniswuudtiatunldansanussisinndnuinvemyiofiau
pnwe WnAASAU: a) Emulgen 911 (F1unutefiau senlen woenin: n=10.9) wag b) Emulgen 931 (Fwiuleiau

ponles UNAI1: n=30.7) (Chaiyasat, 2008)
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