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8 9 gol2A &3S AL-3le] monomer pre-emulsiong A|ZF th-d ammonium persul-
fateZ MAIAIE ste] @A Z3hdol g8 Alzd gk WAl A F§ FgolA gl ¢
43} poly(methyl methacrylate)(PMMA)/polystyrene (PSt) glel~& A=3ioth. & A7
A shell 8o A28 A=te] Ao A FF F A0 5 e~ A zE] 3
ANAEE, 35S, 28257t PMMA/PSte} PSt/PMMAS®] core-shell 734 t]x+&
o13k0. oo} Bokrh. 288l gl A2 QT B M (particle size analyzer; PSA) @ B Hz¥
u]7 (transmission electron microscope; TEM)& o]&sle] A4l 4241 A3y SA4&
A&t o A FALEEA (differential scanning calorimeter, DSC)E ol&3lo] fajdo]2
E(TH8 &4, 948 =94 (minimum film formation temperature; MFFT), NaOH A
7tell &gt 71 Bflol wtzs pHE &4 3t core-shell®] & trg 54& st

ABSTRACT: The core-shell composite lateéxes 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 tmansmission 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.

Keywords: core-shell, emulsion, surfactant, methyl methacrylate, styrene.
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/4l A polystyrene (PSt) =} “-&-4do] 217 “Ht‘?: |
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Figure 1. Experimental apparatus for semi-batch
polymerization.
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£E42E AASATE o] pre-emulsiono] tiA] DI
water 10go.2 3481t Monomer pre-emul-
sionZo] 18.03g% 85 ColA wHgrld] Ut
1.0wt% APS 489 758 g2 d&zon H7lg)
of 4087t 8-A] 3} seed emulsiong THE 3 2AI7F
o] A }A] monomer pre-emulsion®} 1.0 wt%
APS & 758g& FYIEA FHL AAAH
t} (monomer pre-emulsion : 0.15 g/min, APS =
£-9% : 0,063 g/min). Monomer pre-emulsion®} 7}
AA gdel FQo] B F d LRoA ¢ 1
Az B9t A s 2ES ABARAG. FYE Y

o
o7 Table 13 o] ek &7} SDBS <, 7

L5 o
NG, BELE, HUEE $L WA oY 7}

Al core polymer& A X3 T} ©] core polymerE
20wt% 2 438l 250 g& W87 FYS o
AA 722 3087 purgingdli 85 TR £24]
7! % shell monomer& 2.5 g3 05 wt% APS =
BN 58 SAIZ HAAH FJ3l TS WY
Al Fo) 9 F 1AZE s R gEAE
A H3l 549 E F 120 mesh Anoz
o7} r5q shell polymerE ¥¢ich U
el A} AZ¥ core polymere] %—-re-r% WAl A
core-shell polymer& Table 29] recipe®} Zo| A
Z35+9
2 A, Latex YA =7]= Malvern Instru-
ment A}¢] Autosizer IIC ZR& Al&319 1 FHA
Zuy FH oo 2y 20mm FEe AH A
shi-oll A7) SE& ol8a]A 5 CTAA 180 CT7HX
T-2o] =A A A FHzY YPLE
(mnimum film formation temperature; MFFT)
Z3718 AHE-ste £3589 T Core-shell 7238 &
13l7] s NaOH Aoz yi4EafA]7|HA pH
g &3k =3 A 2] Ea) falde)e
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microscope (TEM) 3}
DuPontAle] 242100 differential scanning calo-
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Zhef] W2 HEgLe We-Ee RS FH3 A

transmission electron
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2 AR ASE SR0li GG Fo} 192 5
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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
L APS 0.25
initiator DI water 4.97

DI water: deionized water. St:styrene. APS:ammonium persul-
fate.

dot & DFE
AR sZot SRl 28 Y& Figure 29} 32
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0.28x10 *mol/Loll &= W22 SHE gAo) &
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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.

o} olRE& APSe A$-7F FAlA B 28 &
=7t m2a, gdEd s %‘E*fr o] sz o
BH Udzte) ksl FFE F AoE HY Fnh
watA Aslgo] g1 $3E X'7ﬂ A== core
latex 32 3 HF 9 MNAA 5= 0.14x1072
mol/L2 2RS4

S5tM| 2] H&t. Figure 59} 62 shell 23FA19] A)
2& gate] AL AAA77] A core WEF
Al % FHaslsb] 98 /3l GE WEsAA v}

620

80
70t
601 »'.O."':

40 B APS 0.14 x 102 mol /L

30+ ‘,:::.. -0~ KPS 0.14 x 102 mol/L

20| U

Conversion (%)

A
0 30 60 90 120 1580 180 210

Time (min)

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.
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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.

QIX} AZ}. Table 33} 4o core polymers}
shell Z&F9] A4 FFYAEE 538 A& et
Wslch Table 32 MCP-1, MCP-2& SDBS &
012x10% 0.24x107%mol/L2 2tz Algsld =
33t PMMA core latexo]x SCP-1, SCP-2+
SDBSE 0.24x10, 0.36 X107 mol/Lg Zt7} AM&
st 233 PSt core latexolt}. Eg MSP-1,
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Table 3. Particle Size of Core Latex and Conver-

2
_[_ ol

$g5e Aol

Ao}
Core-Shell X &}0],
az12| 7leEsl: Figure 99+ core$} shellZ¢]
TEA EXE B2lsly] 9 PMMA/PSt core-

sion at Different Emulsifier Concentration
: (unit: g)

APS conversion Z average

(1.0%) (%) (nm)

core DI SDBS MMA St
water

MCP-1 400 00021 21.05 1515 970 2760 shell ¥z}, PSt/PMMA core-shell mix},
MCP-2 400 0.0042 21.05 1505 980 17504 PMMA ©aza# =21 PSt 9dZ =2 N/

SCP-1 400 0.0042 21.05 1518 95.5 298.0
SCP-2 400 0.0063 21.05 1515 96.1 229.0
DI water : deionized water. SDBS : sodium dodecy! benzene sul-
fonate. MMA : methyl methacrylate. St: styrene APS:ammo- A TR
nium persulfate.

200 NaOH &8 2% sx9 &t ANEd FYslkd
ARSI AY 65 CollA] 36*17J S TR AlZIE
23l w& pH ¥3ts #Astdtt. Figure
92 RE & & UKol PSt/PSti= 36417 Z 3t o
pH7} 10.72 7} ®3ken PMMA/PMMAE pH
7} 9.42 7p4 viekoh 1elar PMMA/PSty= pH7}
10.1¢v whfo] A9 &, PSt/PMMA % §-& DH
7} 952 HHHOE vt 7|4 shell Fio]
PMMA=Z =eo & PMMA/PMMAZ¢] 0%94
PSt/PMMA  7A$-ol&  shell HEd SRsie
PMMA>Y} NaQHe¢| 2aiA 7}Esi=lo] sodium
poly methacrylate® W A] NaOH7} ARF o] H]
& pH7} Hojxl= Aoz Az}, ¥ shell

Ho| PStE &9 9Jl= PMMA/PSt 7% PSt/
PSt %= shell BEd] &As1= PSt7} NaOH
o o sl vt "a‘oi‘%?q ¥eoog v pHr}
2 Aoz AZ4E) &, NaOH el 9@ 7}
Ba) Axo] ol 2 cores} shell FHo] R} &
29 Belo] ZF5HAT

Re|HMO|2E (T,): Figure 109+ PSt/PMMA
oA PSte} PMMAS] T,7b 242h 100 'C9} 105
CE Y=g HAE shell #5-& PEAS} =383
core-shell latex9} dwtAel 33 Fg g3
latex9] T, & #As¥ o &, PSt/PMMA-poly-
ethyl acrylate (PEA) (66.6/16.65-16.65) core-
shell LER} (a)e} &AL FUsh) Uukxel g=

3 s 2 A 23 PSt/PMMA-PEA (66.6/16.65-

MSP-2+= MCP-1, MCP-2& corez core$} shell
o] H] &L 66.6 :33.32% 3o @zt shell Fs
PMMA/PSt core-shell 3.#=}o] 1 SMP-1, SMP-
2+ SCP-1, SCP-2& core® core¢} shell®] v &
< 66.6:33.322 3o 7zt saell FHE PSt/
PMMA core-shell m&=zjojty, MCP-13} MSP-1
o] HFYAE (Z average)S Hla3pH oF 276.0
am9lA 310.0 nmZ fF3io] FFYAAe] FIEHU
o1} MCP-2¢} MSP-2& H|asld ¢ 175.0 nmell
A 180.0 nm=z HFAx7 el Ao F7i==] ket

ulzlzix| 2 SCP-1& 9 298.0 rmoj| A SMP—I—E
330.0nm=z Z71E9 o} SCP-2= ¢k 229.0 nmol
Al 240.0nm2 Ae] FrIHA gstct. o)of e Z
= shell 24 Bo} 2 {34 22 s
ANZE YA7t ol AR FadaH o] F71stA
2 A Zow wald MEZE ARy Aol HaL
conversion (% )°] $-3%} core-shell TEAE A =
3171 sl PMMA/PSt (66.6/33.3)81 7 $d=
PMMA core 28z} A|zAd 0.12 x 1073 mol/L<]
SDBS ¥x=2 F#3le ol AW PSt/
PMMA (66.6/33.3)¢] core-shell¢l #A$-= PSt
core LBz} AlZAlY 0.24 x 10" mol/Le} SDBS&

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 25 5.0 975 310.0
MSP-2 250 2.5 5.0 97.4 180.0
MSP-1 250 5 5.0 97.6 330.0
MSP-2 250 5 5.0 978 240.0

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) &4 (b)Y T,& £743% DSC curveo]
t}. (a)9] PSt/PMMA-PEA (66.6/16.65-16.65)
core-shell TERIJAE 30 C HZolA PMMA-
PEA FZgA9 7,9 100 C FelA PSte] T,
curve7} Al Yels A vja] (b)e] PSt/
PMMA-PEA (66.6/16.65-16.65) FZ§AH A=
79 CTHZoA sy T, curvert Yebgtth L&A}
FAL Fdshd (a)oh (b)e] T2 t2A vieh
olf= (a)e] Afde ¢ YrARHel PSte}

rir

E2|of #2548 A55 2001d 9€

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 ZZ3H 7} A2eld A= corest
shell ¥iol z47h Wz Exjsieg 30 C oA
PMMA-PEA 2Z%Ale] T,9 100°C FZA
PSte] T7F Al el Aoz Azs1 (b)el
7 %ol = PSt-PMMA-PEA 39 35347} & gzt
el FEgte] gz gdspl] EX¥e Joenz
79 CHZAA shue] Tt vehd 2o g Azgct

%X =3} M5 : Table 5ol Z83 latex?]
TEA 24 wE MFFTES #91dl7] 9k
75mm cube applicatar 2 latex& MEFT HAEQ]
Ioddls ol S 8 SE ¥ BE 5 4%
4% Aolth Table 5¢ HAelA &
Z s} shell ¥+ PMMA
PEAZ %% 4% PEAY vgo] Z718s
MFFT7} wobi-g& EL 4 gleh ol7le] shell ¥
Ho] PEA9 Tt Yo} & #AAe YAt 2
e gatel oy Fog Azdn. =3l
PMMAE core® 3la] shell 2o PSte} PMMA
9} PEAE 33 2= PEAS Hl&o] F7}
EE MFFT7} ol molH oA E& shell

o o 4 1;

T

B &5 T,7b B2 PEA mjEQ] 740; A
Ztgich aela $U3 %] PEAV) shell &4 3
FHE A 7FYE L&A POt} PMMAoﬂ o}
gt MFFT7} 22t & olfe 35 8E LE8ay 2
FE7 ggog A3} Bol MFFTY mAle A%
R AR 3 Ztel o] Aol A2 shell FE
core F-Heo Bzl z4o] thae ¢ = dAUch

TEM: Flgure 11& PMMA core L&z (a)e}
PSt core &%} (b)9 YA 2Y%& TEM &3
A}zle) 31, Figure 12 PMMA/PSt (2/1) core-
shell 8z} (a) 9+ PSt/PMMA (2/1) core-shell
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Figure 12. TEM micrograph of PMMA/PSt (66.6/
33.3) (a) and PSt/PMMA(66.6/33.3) (b).

EA (b)o] YA BYe TEM #93d Apdolrt.
Figure 112 PMMA core 8%} (a)+ YA &
Hol A2zl mors vehix 9ot PSt core 1
A ()Rl A9 9AF Z2¥e] HES L EY
£ Mol Uv}. ES Figure 129 PMMA/PSt
core-shell &z (a)fAM = UARIFH Fofo)
Figure 11(b)2] PSt core i1¥3}e] 7-$-9F o] nj

B3a T ZYE YepE oz Eol YA
core B2E& PMMA7Z}, 4#}¢] shell ®E2 PStr}

o
2% & 4 Yot ¥ g PSt/PMMA core-
shell 8} (b)) ASAHE 4% EH mo]
Figure 11 (a)¢ PMMA core &2} 74 -9} zto]
daed Z¥s dEhlle Raez HolA A

core HE= PStr} ke shell FEAE=

624

Al 2=
2T le

PMMA7Z} &)8}7] wj&olabm 4 zhei o},
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