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2 9: Fol2Al &34 & Al4-3l9 monomer pre-emulsiong A% t}& ammonium persul-
fateg /AR Z dlod DA 2% &) M2 Y1) F4o] A3 2% AN dHAe] &
% poly(methyl methacrylate)(PMMA)/polystyrene (PSt) 2]l A& A Zsldch 2 QT
A& shell FEA) A2 o) AAgo] Fxu 27 2 Al £58 FUAF 22387 98
MR FE, F3AsE, 28257 PMMA/PSte} PSt/PMMAS] core-shell F-z¢] m]x=
FFe Lot Byt ST A8 =847 (particle size analyzer; PSA) ¥ A z#
v]7% (transmission electron microscope; TEM)& o]&&te] Az al=Asl ox1¥e EXS
I3 om Al AFAIGZA (differential scanning calorimeter, DSC)& o] &3l g2 7o)
E(Ty9 &%, 9§ =94 (minimum film formation temperature; MFFT), NaOH 3
7Hl 218 Jl B&o 2= pHE Z% 3819 core-shelle] & 0} EA L& sy

ABSTRACT: The core-shell composite latexes were synthesized by stage emulsion
polymerization of methyl methacrylate (MMA) and styrene (St) with ammonium persulfate
after preparing monomer pre-emulsion in the presence of anionic surfactant. However, in
preparation of core-shell composite latex, several unexpected results are observed, such as,
particle coagulation, low degree of polymerization, and formation of new particles during shell
polymerization. To solve the disadvantages, we study the effect of initiator concentrations,
surfactant concentrations, and reaction temperature on the core-shell structure of polymethyl
methacrylate/polystyrene and polystyrene/polymethyl methacrylate. Particle size and particle
size distribution were measured using particle size analyzer, and the morphology of the core-
shell composite latex was determined using transmission electron microscope. Glass tempera-
ture was also measured using differential scanning calorimeter. To identify the core-shell
structure, pH of the two composite latex solutions were measured.
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Figure 1. Experimental apparatus for semi-batch
polymerization.
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Table 1. Recipe of Core Latex Polymerization

ingredient amount (g)
reactor charge DI water 385
SDBS 0.001
pre-emulsion MMA 21.05
DI water 15
initiator APS 0.075
DI water 75

DI water : deionized water. SDBS : sodium dodecyl benzene sul-
fonate. MMA : methyl methacrylate. APS: ammonium persul-
fate.

Table 2. Recipe of Shell Latex Polymerization

ingredient amount (g)
reactor charge core latex (2.0 wt%) 250
monomer St 2.5
initiator APS 0.25
DI water 4.97

DI water: deionized water. St:styrene. APS: ammonium persul-
fate.
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Figure 2. Effect of APS concentration on the conver-
sion of PMMA core polymerization.
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Figure 3. Effect of APS concentration on the conver-
sion of PSt core polymerization.
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Figure 4. Effect of kind of initiator on the conversion

of PMMA core polymerization,
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Figure 5. Effect of SDBS concentration on the con-
version of PSt core polymerization.

o 1o & HEEE VA Y zolth. Figure
59] St F§A)= 0.12x103mol/Le) SDBSEER
88 v 1908 Ho Follx Halso] 76.5% A
T2 0.24x1073 0.36x103mol/L2 =§34e
ARG ZaEg ¢ 5 Utk oA & SDBS <ol
Z71842 U] pre-emulsionA]o] §3Ae &
7t oA mlAdo] Weol] YA mdLow W
7} Eol7}4 monomer-swollen A& 3 AlFic).
tgos A B giozo] B geo] ¥4

5o 9l monomer-swollen P &0 2 F45 o]

Polymer{Korea) Vol 25, No. 5, September 2001



oA =8 o) o] 8 PMMA/PSt Composite Particle®] # &) #8 d3

100

T

90

Conversion (%)
[4,]
(=)
RS

~O— SDBS 0.06 X 10 mole
~@ SDBS 0.12 X 10 mole
—{~ SDBS 0.24 X 10 mole

—_

30 60

96 120 150 780 210
Time (min)

Figure 6. Effect of SDBS concentration on the con-
version of PMMA core polymerization.
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Figure 7. Particle size and size distribution of PMMA

core latex at different concentration of emulsifier dur-
ing core polymerization.
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Figure 8. Particle size and size distribution of PSt
core latex at different concentration of emulsifier dur-
ing core polymerization.
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Table 3. Particle Size of Core Latex and Conver-
sion at Different Emulsifier Concentration
{unit: g)
DI APS conversion Z average
core water SDBS MMA St (L0%) (%) (nm)
MCP-1 400 0.0021 21.05 1515 970 276.0
MCP-2 400 0.0042 21.05 1515 980 175.04
SCP-1 400 0.0042 21.05 1515 955 298.0
SCP-2 400 0.0063 2105 1515  96.1 229.0
DI water : deionized water. SDBS : sodium dodecy] benzene sul-
fonate. MMA : methyl methacrylate. St:styrene APS:ammo-
nium persulfate.

MSP-2%= MCP-1, MCP-2& coreZ core®} shell
o] U] 8§ 66.6:33.30% 3l ZZ shell £33
PMMA /PSt core-shell 13-=z}o|2 SMP-1, SMP-
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nmel| 4 310.0nmE F&e] HAY ol F7t=
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A 180.0nm=z FFY=Ho| A F7i=A] ¥Fstct
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330.0 nm& Z7}E o} SCP-2+= 2F 229.0 nmel
A 2400 nm& A2 F71ER] Qi) ole} e Z
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3171 918 PMMA/PSt (66.6/33.3)21 A%+
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SDBS %22 Fgsic Aol FHIdW PSt/
PMMA (66.6/33.3)¢] core-shell$] +&= PSt
core Iz} A=ZAld 0.24 x 103 mol/L2} SDBS&

FH3= Hol 45% Aoz Yzpdh
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HErEIEA] 65 CeAAlA 36417 <t JhrEsAI7IH
Al 7tEsd wE pH Hsts #Estgt. Figure
92 HE & F U%o] PSt/PStx 36417t B3} Fo
pH7} 1072 713 Ekon PMMA/PMMAE pH
7} 9.42 714wkl 18] PMMA/PSt= pHot
10.10]4} vhhe} B4 %, PSt/PMMA Z$& pH
7} 958 HiH oz PE9kd. 74 shel
PMMA=z =eo] 9+ PMMA/PMMAZ2 79}
PSt/PMMA 7 %ol shell HEd s
PMMA>} NaOHell <&lA 71Eaislo] sodium
poly methacrylate® =HA NaOH7} Amgo] H]
23 pH7l Bojrls Aoz AZgc). W shell
H-Bol PSt2 Hof &= PMMA/PSt 799} PSt/
PSt 7 §-oll&= shell §3o| &= PSt7} NaOH
off o8] stEsvE dolvkA] ooz ¥ pHr}
¥& Aoz AzEth &, NaOH H7lo] o 7t
Bl A5 xjo]Z core9} shell Bxeo] 18z 2
o] #qlo] 7}53ch

R#elMo|2% (T,): Figure 104+ PSt/PMMA
#ollA] PSte} PMMAS] T2} Z+zt 100 ¢ ¢} 105
CE Hl=% A2 shell £8& PEAs} 353
core-shell latexe} dutdel &3 gz 2T
latex2} T, & &4 3%}t &, PSt/PMMA-poly-
ethyl acrylate (PEA) (66.6/16.65-16.65) core-
shell 182} (a)o} 24L& Y3t dutael 33
3 el 2 Al =3 PSt/PMMA-PEA (66.6/16.65-

Pie]

Table 4. Particle Size of Shell Latex and Conversion at Different Emulsifier Concentration

(unit: g)
shell MCP-1 MCP-2 SCP-1 SCP-2 MMA St APS(1.0%) conversion (%) Z average (nm)
MSP-1 250 2.5 50 97.5 310.0
MSP-2 250 25 5.0 97.4 180.0
MSP-1 250 5 5.0 97.6 330.0
MSP-2 250 5 5.0 97.8 240.0

MMA : methyl methacrylate. St : styrene. APS: ammonium persulfate.
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Figure 9. pH variation of core-shell polymers with
time for hydrolysis by sodium hydroxide.
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Figure 10. DSC curves of PSt/PMMA-co-PEA (66.6/

16.65-16.65) core-shell polymer (a) and PSt-co-

PMMA-co-PEA (66.6-16.65-16.65) terpolymer (b).

16.65) A (b)e T, & 4% DSC curveo]
ot (a)9] PSt/PMMA-PEA (66.6/16.65-16.65)
core-shell ZTEAPIAME 30 C HZdA PMMA-
PEA F& 9] T,9 100 °C 24 PSte T,
curveZ} Al Uehs Ao HIE (b)e] PSt/
PMMA-PEA (66.6/16.65-16.65) FZgA A=
79 CTH-IZA Bhvte] T, curve®t Yebdol nEz
24L& U (a)9 (b)e] T ot 24 Jehd
= ofE ()9 F$de & el PSts}

#Fo/0f #1254 A5E 2001d 94

Table 5. MFFT of Core-Shell Latex relative to
Core Latexes

core compositon (wt%) PSt PMMA
shell compositon (wt%) (66.6) (66.6)
PMMA/PEA (33.0/0) 140
PMMA/PEA (16.65/16.65) 55
PMMA/PEA (0/33.0) 10
PSt/PEA (33.0/0) 175
PSt/PEA (16.65/16.65) 63
PSt/PEA (0/33.0) 10

PMMA-PEA F57t 4Ee® Ad2 coreg}
shell #-8off ztz} ulgz EAjslmz 30 ¢ F-2oA
PMMA-PEA 338H9] T, 100 C HollA
PSte] T2t SAlol Jehbe Aoz Qztslzm (b) 9
72l PSt-PMMA-PEA 39 23471 ¢ 1
Hell F58e] ez Fdspl BT gemz
79 CTHIAA shtel Tub el Ao s Aztecy,
XX Z3t HARE: Table 5ol= Z§3t latexe]
APz 2 wE& MFFTE &#<lsly] 93ld
75mm cube applicator& latex& MFFT ©|AEZ9)
el 2 o] EXF U3 58 & EE P4 48
& A F4F slo|th Table 59 AuoA ¢
F UE0] cored PSt2 3lod shell & PMMA
¢} PEAE Z3¥% 7% PEA9] nlgo] Foas
5 MFFT7} wobds & 4 Qloh o)A 9] shell #
#2] PEAS] Tt ol BE Al YAzte] &
B8 #&o] dojupy] wREew s w£§
PMMAE coreE 3to shell 384 PSte} PMMA
9} PEAE 3383 ZA$ox PEA2 u|go] %5}
g8 MFFT7F Wolag Holed o) £3 shell
& Esle Tyt 2 PEA 4 i #How A
Zhdoh 183 HUF %ol PEAV) shell HE2o) 2
Z3%E 39 739 =7 PSte} PMMAG]
2 MFFT7} geje olft 2289 1829 o
FE7 o g QF Bo] MFFTH vy <%
9 Aom BAHY oA ZAntE shell &
core H-89] nE2} 24o] gL ¥ = UG-
TEM: Figure 11& PMMA core ¥z (a)%}
PSt core ¥ (b)Y UYat 2% TEM #33s
Abdola, Figure 125 PMMA/PSt (2/1) core-
shell 182} (a)2} PSt/PMMA (2/1) core-shell
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Figure 11. TEM micrograph of PMMA (a) and PSt (b).

Figure 12. TEM micrograph of PMMA /PSt (66.6/
33.3) (a) and PSt/PMMA(66.6/33.3) (b).

&z (b9 4xt 2%& TEM #493 Algleidh
Figure 112] PMMA core E#} (a)& =8 &
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Figure 11(b)2] PSt core L&} 799} o] u}
L3 T EYE JeillE ez Hel qixig
core 582 PMMA7Z}, d#te] shell 8.8 PSt7}
EAqEge ¢ ¢ Ut g2 PSt/PMMA core-
shell &=} (b)e] ZHSoMm U=t FH R
Figure 11 (a)9e] PMMA core 1183} %92} 7o)
YR BYE Jeplle ALR HopA Yxty
core EXRI= PSt7} ¢dxe] shell FEo=
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