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L oF: $3AE A1 2EA] Fe §35FH S o] 833 potassium persulfateE 7| Al A 2 5}, poly
(methyl methacrylate) (PMMA) core Al A &l 294 styrene T3S n@s Yl 2
oA FES 59 I 9 polystyreneo] ¥-2F-2 PMMA core & %17t 2 i‘r% Vet =,
o]y WA WolA el G vl &o] FHE FE “gel effect” o] AH7F AR W 2olth, 24
B2 A2 o] ©3R 7t 25 core YA o £ )5l PMMA core/styrene ZAH) 75/259} 50/502]
Aol whg 2713 H “gel effect” ] FFS T AU

Abstract : The second-stage styrene polymerization in the presence of poly(methyl methacrylate)
(PMMA) core was evaluated. Surfactant-free emulsion polymerization was conducted with potassium
persulfate as an initiator. The rate of polymerization and the molecular weight of polystyrene, poly-
merized in the second-stage, were observed to be increased with increasing amount of PMMA core.
That might be explained by “gel effect”. Reactions were affected by the gel effect from the beginning
of the reaction, when the PMMA core/styrene ratios were 75/25 and 50/50.
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Table 1. Polymerization Recipe

PMMA PS homo- PMMA core/PS
core polymer 75/25 50/50 25/75

MMA(g) 99.2 - — - -
DM(g) 08 - - — -
St(g) - 100 25 50 75
PMMA core — - 537 357 179
emulsion(g)

KPS(g) 0.2 0.5 125 25 375
Water(g) 600 600 138 292 446
{Note) MMA : methyl methacrylate
DM : dodecyl mercaptan

St : styrene
KPS : potassium persulfate
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Fig. 1. Conversion-time curves of second-stage sty-
rene polymerization for PMMA/PS latex composites.
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k, . termination rate constant

[M], : monomer concentration in polymer
particles

py . rate of radical absorption

V, :volume of polymer particles per unit
volume

N, : Avogadro number

ukS A)7bol) th3l styrene conversion®] log/log

plot-&- PMMA core/styrene 243 u]oj| wte} Fig, 2¢]]
TAF T w279 718715 Jehl ATt Styrene
homopolymerization2| 73-$-{1 graph D& 71¢7}7}
0.48 A=z 2o Eq. 1914 k. k., M, pa, Ny
7} AR T F dE 2AAAY 71271
0.59F <H% e JeRiith 2222 styrene
homopolymerization®] 7%, 4784Hg %7]o= Bk
SA4e) Buloe thE FEC] ¥l JEE nA
2 gevhal Mg 5 AUth

33 PMMA core’t &A% Agolle 718717t
1.0 o)A+ o 2 PMMA core7} Q1€ Wt 2 7H3E
A48 4 912k, PMMA Aol A styrene T
A7) A F e B9l g A7E Chost
Lee'?sl] 2]8] sz v), PMMA core®] {1271
7t 2 42, Bgenr e 55 & e At
B Aye] 24T 2L 450nm 7Y cored A
3l 70Co A 1212 3% 732 PMMA core 1g%
swelling®] & styrene @k o] 1.2 g (5,33 mol/
dm3e #%) ol4de] ®ch. weld PMMA core 4
o] 45% 9)o]d styrene TEA|7t =5 PMMA
coreZ swellingAl7]=d] #3sAl 5lm=, PMMA
core/styrene ZAJH] 75/258} 50/50% WHg-o] A|zHE
o) @aE) 7} A% PMMA core zhiofl EAsHA €
Ao A

PMMA core/styrene Z/du} 75/259} 50/50¢] vt
2.0 A8} o] gk droplete] §l& ellE conve-
rsiondl] whe} WHg Aol Aol GFA TRt a3}
A F5g, core E3)3lolA9] i E-n-ig
o) 99 Eq. 1014 whgZael Ru(V) <
vhe- A Aol Ao} ThEA| e} T T4 =3 (termi-

HEEEE

Polymer (Korea) Vol. 15, No. 6, December 1991



DA A {85 g 213 Composite Latex] A3 1 B4

e
e
e
-4
[\

Table 2. The Relative Polymerization Rate (R,) by Eq.(1)

PMMA/styrene [M], Pa v N R, [(M], dx/dt* R., kdrel)
75/25 0.537 0.5 0.929 15 1394 0.448 ky**® 0.5 16 0.80 0.313
50/50 1.0 1.0 1.0 1.0 1.0 ks *° 1.0 1.0 1.0 1.0
25/75 1.077 15 1.013 0.5 0.507 0.939 k75*® 15 0.059 0.089 11132
* dx/dt : the slope of conversion vs. polymerization time from Fig. 1.
R, « [MI, (pa Vi/k)*® (1
{Note) [M], : monomer concentration in polymer particle
pa - rate of radical absorption
v . volume per particle
N total number of polymer particles
V, ! total volume of polymer particles per unit volume (V,=v - N)
k . termination rate constant
nation rate constant, k)7t Wj$ £98 Q7 2 40
et . [ PS50% -«veeeen-
Table 20| Smith-Ewart o]&& =43} Z¥ut 30 W PST5% — — —
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Fig. 2. Initial slope of log(time)-log(conversion) cur-
ves of second-stage styrene polymerization for
PMMA/PS latex composites : slope=(A) 4.0 (B)
1.33; (C) 1.23; (D) 048.
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Table 3. The Radical Number per Polymer Particle (n) by Eq. (2)

PMMA core/ [M], M], N dx/dt x 10* -
styrene (mol 1) (mol 1) ahn (sech) n
75/25 040 2.66 2.18X10"® 9.60 126.1
50/50 0.80 495 145X 10% 5.95 126.3
25/75 1.20 5.33 0.73 10" 0.35 20.6
0/100 1.60 5.33 1X101* 0.058 33

* estimated value based on ref. [12]
(M), G =k, (M3, §-N 2)

(Note) k, =316 /g mol sec [ref. 12]
Na  =6.02X10%/mol
N . particle number in unit volume
[M], : initial concentration of monomer

[(M], : monomer concentration of polymer particle
dx/dt : slope of conversion vs. polymerization time from Fig. 1.

dx n
M =k, [M], = N 2
M], — at M1, » N, ©))
N . particle number in unit volume
N,  : Avogadro number

[M], : initial concentration of monomer
dx/dt : slope of conversion vs. polymerization

time
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Table 4. GPC Data of PMMA/PS Systems

RI detector UV detector
PS component in composite PS homo-
PMMA core PMMA core/PS
75/25 50/50 25/75 polymer
M, 85,000 28, 000 48,000 36, 000 59, 000
M., 121, 000 965, 000 870, 000 474,000 325, 000
M./M, 1.4 34.5 18.1 13.2 5.5
Aol H] Lol H& AHoluE gel effectd] FFL ) ;7 ——— | PMMAPS=175/25
A wech 516 g8z 2 PMMA core ko] 2 | __ mhmnngggg
5 gel effecte] @37} 38§, PMMA core/styrene SN \, ~——— > homo PS -wm
Y . \\ o P

gHegu] 75/259} 50/50-2 HHg- Z7|1REE o]9] JFe
Wol & WeHEE el 3o AlsHoh

PMMA core EA)3}o)A F335 PSe] £}

i
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ARg-she] 233ttt PMMA core &3} §4 4
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Fig. 3. Compositional dependence of molecular weight
distribution of PS component for PMMA/PS latex
composites.

ol A YA 7] W Fol eft, o BT &
BAGS 4% 58 A4 Ao QA 9
A2+ W%, =84(aqueous phase) I At v, M
2} #E QR=9) o] 4R Y(anomalous region)'’
o] &I it

PMMA core E&A3lol A F3¥ PSe] #A% &
XE AFEE, A7 24 2T A9 FYT elu-
sion volumeoii A ¥-2l7} AlZt=lQl o, PS 3 25
9} 50 wt% 9] B4 T FAF dFoM Y X
£ 529l 8 PS &3 75wt% 2 Lol styrene
homopolymer$} H]%3HAl F782] peakE YeERHR
th, PS ek 259} 50 wt% &) Z$-olle ellA 2@
g wio} o] Ffol ARE W styrene TGFA7L
2% PMMA core WEo| &0 &A=z gel
effecte] FFS ol & B Exgte] F7
He AR oAZ, ¥hE PS &3 75wt% o] A
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Table 5. Effect of Chain transfer Agent on Molecular
Weight Distribution of PS Component Polymerized in
Second-Stage

PMMA core/PS CTA(%)* M, M., MJ/M,
0 48,000 870,000 18.1

50/50 0.5 57,000 408,000 7.2
10 49,000 374,000 7.6

0 36,000 474,000 132
25/75 0.5 55,000 203,000 3.7
20 50,000 212,000 4.2

* chain transfer agent content of PS component

~~~~~~~~ “no DM in PS
———1:05% DM in PS
‘ o +—+—110% DM in PS
; SN\~ : homo PS

Log M
Fig. 4. Effect of chain transfer agent on molecular
weight distribution of PS component for PMMA/PS=
50/50 latex composite.
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falegd S 194 ¥kgo vls) W2 core
g7 F £E Irete AU, ole “gel

effect” 2 4EE F Ut
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2, PMMA core &A8t4 §AE polystyrene
9 £AFL core IFUTE E45 Fed), o £F
GFA S g core TEAL v]go] F FE gel
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3. 2€A WA A W A7} 5 core YA
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e WA Je Ao B,
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