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Abstract | Opaque polymer particles with encapsulated air voids were produced by sequential emul-
sion polymerization. Methyl methacrylate and methacrylic acid were used as basic monomers. In or-
der to have sufficient opacity, the core and shell have to comprise at least about 20wt% and 5wt %
acid monomer to the total amount of monomers, respectively. The shell polymer has to be neutralized
with an equivalent amount of ammonium hydroxide and heated to 95T for three hours.
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Schem 1. The structure of opaque polymer particle.
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Z§ol AF&E methylmethacrylate(MMA), me-
thacrylic acid(MAA), butylacrylate(BA) S9] ©ha
e TEEE AY SF5t AHgstda, 7t
ethylene glycol dimethacrylate(EGDM)-¢ Aldrich
15 AloFs ada ARk #3k4= sodium
dodecyl benzene sulfonate(SDBS)& A}8-3}¢x,
WA A E+ potassium persulfate(KPS) ¢} ammo-
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A AR, pRkg GFAE 4E3] uks-A17]7) Y t-
butyl hydroperoxide (t-BHP) %-& 2} 7HA| A= A}
439 o, E& Water Deionizer(DF-500, Crys-
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DI waterE N, 2 Z¥3] purging3}i 85C2 &
N7l F ANAE 7Hgeh 7)ol hellA] Az
seed polymerZ F<I3led 30&7HF FAAH.
MMA, MAA, EGDM¢] monomer emulsiong 34|
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2 AAHES Aok 3 batch #8-L th33} 2ol
skt

Table 1. Core Polymer Sample Code  (%9] : g)

MMA MAA EGDM SDBS D.IWater
C, 028 49 21 035 014 280
C, 042 49 21 035 014 280
C; 056 49 21 035 014 280
C 070 49 21 035 014 280
C 084 49 21 035 014 280

Cs 042 49 21 0.35 - 280
C 042 49 21 035 028 280
Cs 042 70 - 035 0.14 280

C, 042 63 7 035 014 280
Co 042 56 14 035 0.14 280
Can 042 49 21 - 0.14 280
C 042 49 21 007 0.14 280
Ciz 042 49 21 0.7 0.14 280

Table 2. Sample Code of Core Polymer Emulsion Pre-
pared by Batch Polymerization

Cm Cp Css
Weight(g) wt% Weight(g) wt% Weight(g) wt %
KPS 0.28 04 042 0.6 0.56 0.8
MMA 49 70 49 70 49 70
MAA 21 30 21 30 21 30
EGDM 035 05 0.35 0.5 0.35 0.5
SDBS 0.14 0.2 0.14 0.2 0.14 0.2

£z #1543 4% 19913 8¢

A4 1. Core Polymer A2
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Asted 308 7haF FRAZIch 2 F MMA, MAA
GHAE 34 7}%"} FYste %@“ﬂ?% 13171
ot o] B F 2412 b FANESAID ¥
z}&tal o #A)A shell polymerE c‘}i\:}.
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Core &2 th3} 2ol F3rt.
Ision®] HES 2wt% = FF & £84 ¢EYo}
£ AHgsle pH 100] HEE g}, o] 848
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AA}=7] =3A ! Autosizer 2.(Malvern Instru-
ment Ltd, England)Z A}&-3te] Faltago] <3
Az} A7 BEXE Aok =3 £ HA
#HAu]4(TEM) & A8t {1=2& 20, 000~50, 000
vl oA A 1 2718 3394
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FAH 1139 &2 Hof vt ES A=A
20As Fog #83lgrh.

=
=
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Table 3¢+ core polymer emulsion | Zef )]
A A} fatAle] gl wE nyEH Y 2
718 vehidh. RAAl wEwstel W {7t
2719 Ak Wshe 2 £ AR oet AANA F
T7F e KPS 0.4wt% o] H$ FESAl #2
coagulation?] o2 HE MAE 1FPFo] v
o}F& & & Aok #3144 4& Wsid G GE
v s B f3hAe] o] HE FE Qe AAH
soap freeg) Cz9] 73-9- & coagulatione] HYo 2
1R FA 3| RolAL B vk fF3HA L ol
2o g0l doA] Br} BE micelled HAsA
ke Aavt Qoldruz izl A7 HopAle
oz Azhdr},

Table 4o+ acid @A) MAAS 7laA|Ql
EGDMe] <2 ¥3A] A& o) emulsiond]zte] A

&U
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Table 3. Properties of Core Polymer Emulsion Prepa-
red by Semicontinuous Polymerization According to
KPS and SDBS Contents

KPS(%) SDBS(%) 218 ¥(%) YA & (nm)

<€ ek, tuA et acid 9] e 1y
Fole AT JFE A AU B F o
vl 7hu A7} HoFe A whet Qiab 271 #olx]
] Zla A #F F7te] WE YA Z7) Wke AHe
E 4 o) =3 acid @9 Fg wsiAg
Co Cipo G HEv acideregalel Fo] F713H
mat ofEe MAA’} homopolymerizationdte]
aquous phase©] water soluble polymerZ & A3}
532, MAA¢9] hydrophilicity7} Z7] mj2d)] 7]
A€ nuclei?) sizert A 5ol YA 77) F7}
ke Ao Aztec.8?

Fig. 1& 7§AIAI7 k& vXe 43S &
#317] 9)8 batch YR FFAl FHAIA Y FS
g S W ARt mE conversiono] W3S
TEF Aol HAIAIY o] F7HE 55 total ge-
nerated particlesr7} WolxX|E g2 Wkt = whalx
KPS 0.8wt% 2] 7-9- oF 15¢-0] Za}=H whg-o] A
9 &7y FY Al 0.6, 0.4wt% Et} &
conversionS JEPEE B 5 Ath

Fig. 2& 7HAA1Y] FXSFA] A7t 2 {)zb
3719 UstR NAIAY Fo] B F5 FY A3
2 YAE AT B F A dutge s A
Aol F7Vetd YA F13h, QAR 7E 7
ashe Aoz deiA ok, 22y Fig, 2614 B
ulo} ko] shAlAlgol FtlE B3l Yrta

Table 4. Properties of Core Polymer Emulsion Prepa-
red by Semicontinuous Polymerization According to
MAA and EGDM Contents
MMA MAA EGDM 32¥ % <JxAE
(%) (%) (%) (%) (nm)

G 04 0.2 17.24 369
C, 0.6 0.2 19.15 365
G 0.8 0.2 19.46 370
C, 1.0 0.2 18.73 355
G 12 0.2 19.13 358
Cs 0.6 - 14.82 370
C: 0.6 04 18.96 347

Cs 100 - 0.5 18.87 328
Gy 90 10 0.5 18.46 333
Cu 80 20 0.5 18.15 347
G, 70 30 0.5 19.15 365
Cn 70 30 - 18.73 374
Ce 70 30 0.01 18.94 346
Cu 70 30 0.1 19.51 347

Polymerization conditions : Temp(85C) : MMA =70
wt% + MAA=30wt% ; EGDM=0.5wt%.

442

Polymerization conditions : Temp(85C) : KPS=0.6
wt% 5 SDBS=0.2wt%.
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Conversion ( %)
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Fig. 1. The variation of conversion with time for ini-

tiator concentration by batch process 5 ((J) Cpy, (A)
Cez, (O) Cs.
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Fig. 2. The variation of particle size with time for ini-
tiator concentration by batch process ; ({1) Ca, (A)
Coz, (O) Caa

717t AAE @4e B2 F Uh o€ FlME
38 ule} o] MAAE #a(30wt%) &2 ARG
2 2 oj¥ o] MAA7} large particle sizeol 714
A | Aoz Aztdan. 3 EEeE tgd
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Fig. 3. The volume expansion of core with swelling

according to MAA contents by semicontinuous pro-
cess. Polymerization conditions : SDBS=0.2 wt% ;
KPS=06wt% ; EGDM=05wt%.

N, : Avogadro<=
[n]: 9% g7z

59 [M]e N HHg-& 57} 27 $std e [n]7t
Fof st} 214 water solubledt 7§41 &2 KPSe)
AL o= aciderEkd|e] &a)7F KPS decomposition
& Z2PA9E Hos deid Ak ga B =
F-oll A9} o] MAAEZ #3F A18-g 7 9ol = KPS9
decompositiono] ZZ % o] reaction sited] 2] gtt]
249 FAR 37h2 A7 FoE Breka
Fig. 13} Zo] vk3-& w7t Zlehe o2 Azts o]
2k

Fig. 39 7}A7} 0.5wt % 7t IQ-& o acid9)
el uh2 ixpe] WEAHEE Jebliich 10wt%
o}3t9] acid7t ¥ A9 F3 HFo] ujy ?5}04
shell2 capsulation¥, A3 FZ2AAHA] FE
voidE & A A171 A 3} opaque polymere] core 2+
Asbx] LHOE acide 20wt% o) LA Ao}
38 ¢ 4 ¢ith Batch 33A 3} semicontinuous ¥
Roz #Az3 coreel HHFAL vlud}r] 93t
acid7} 30% ERE A8 Cof Cppdl ¥ AAES
A4kl B Aw} bzt 8,03X 104, 4.79¢) #S 4L
4 ok Batch ¥3oz Az A5 447
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Fig. 4. The volume expansion of core with swelling
according to EGDM contents by semicontinuous pro-
cess. Polymerization conditions : SDBS=0.2wt% ;
KPS=06wt% : MAA=30wt% : MMA=70 wt%.

semicontinuous ¥R 8 A 23 AR R B3
go] @A A ¢ F Utk o|E batch 5%
Al RFAE Alo] 9] whg-A Zloldf] 3 Ao ukg
Z7ld¥ ¥h-g-Ado] & MAA blocko] A wkg-
F7ol= whgAo] &3 harddt MMA blocke] 1
FHE A dd. gdetA] BEA] BEA Y F
7t 8ol gol WHo] A9 HA g FHoF
A}, wabr] QzRPAA O acidzt vlaLA 32 A
¥ 5o] 9l semicontinuous SFHo] FEFdS
& Utk

Fig. 4= MAASES 30wt % 2 3tES of 7t
9] FFo) diFt FEALE JeRiIc. EGDMe)
o] S7HE #3522 7tankgo] dojut WEA
of Rhjuito] ol L & F Yrh

Fig. 59l AZ3t core emulsion(C,) 3 MAA7}
5wt% Br-5¥ shell emulsiong]A}e] TEMAIZS 2]
k. A 53 372 core emulsiono] FAE
1, Bo|AE= core 949l shell emulsiono] L2 7|
capsulationH &S < & 4 o

Fig. 6& shell emulsion®zte] #HH F-9
TEMA}R 0 24 shell®) A3 7)7} 628nmo] @ A
o] F{Fol= 923nm=I YAte] A7t thid FUL3t

Fig. 5. TEM micrograph of core emulsion(A) and
shell emulsion(B) {X20,000).

R, cored] BEAEE 1eEHH F7HEo] He
AE & & A=, ol shello] FAH wat 3
FA7E coreZ HEF3}7] oJ# 9 A| 1L cored] Hu]9
Zoll w}e} shell polymer chaine] o]%3}= ol
FHAI7E 17) W& A 2o

Fig. 72 MAA7} 5wt% ¥+¥ shell emulsion&
95T A 3A17F ¢t o} swellingdt & Az
2% opaque polymerg]=z}e] TEMALZo|t}, &%
H2 F-9] shell}t Wi §-] coreAtolol 2luja}A| B
o] XEo] air voild24 B|wAH 12 A cored}
shell Atojoll HAdxo] U&S HFE 4 Ut

Fig. 82 HE3A latexo} #§ 2dg 29
opaque polymerE 43o] 2HE latex BE9] AXAM
ojth, Av WEATNA Ze A$oli Be shells
MAAZg}eko] 2wt % ©1 emulsiong 95C ol 4] 3417 A
#4171 ZA9-olth C, D shelld MAA ko] 5
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B

Fig. 6. TEM micrograph of shell emulsion(A) and
swollen shell emulsion(B) (<20,000).

Fig. 7. TEM micrograph of opaque polymer
(X50,000).

wt% <) emulsiong 95T A ztzh 1A]7F, 3A]%F o
FAIZ Bgolth. FEEHA BREE a9E 47

AsjA= shellF acide] gHgo] Swtik 7 wlojof

#2|M #1548 435 1991 8Y

Fig. 8. Photographs of film contained polymer emul-
sion . (A) unswollen polymer emulsion, (B) swollen
polymer emulsion. (MAA 2%, 95C, 3 hrs), (C) swol-
len polymer emulsion. (MAA 5%, 95C, 1hrs), (D)
swollen polymer emulsion. (MAA 5%, 95C, 3 hrs).

A core2) HWEA HAE7 Ro)s)x]1, MMA
9] Tyol/dRl 95CA Hojx A B BEA
Hoptt 53] BE o] AEA] micro void7} HA4
#r}. Shell polymerA ZA] 2 Ba-Ale] HHRHLS

& =FNA A LRt S,

4 £

A A §-38lFgo) 93] opaque polymerE A%
3 A3 o g 2 AES A
g3k %%"é% e

acid7} core Tk 2] 20

o Opaque polymerd]
coreE Ast7] A=
wt% 0]’ H7tElojo} gt

o MAA%#o] 7138 -8, EGDMe] &tero] 7+
2% 75 cored7e] #HEHee AN ¢ F A

£

o AAASY FEt F FF RFEEE WA

£

o Opaque polymerE §A3}7] iallA+= shell
emulsion | 2A] MAA% o] Swt% o] 7t oo}
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