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Abstract : There are many methods to synthesize polystyrene latex. Emulsion polymerization technique is commonly used commercially,
but it requires a new technology to replace a traditional polymerization method because of the disadvantage of chemical initiator for environ-
mental pollution. Since free radicals can be produced by ultrasound energy effect, polystyrene latex was synthesized using ultrasound
energy instead of chemical initiator. As the ultrasonic irradiation time was increased, average molecular weight was increased and
polydispersity was decreased. The degree of polymerization was increased with the concentration of SDS and maximum degree of
polymerization was shown at 2wt.% SDS concentration and the reaction temperature of 40C. During the course of polymerization,
molecular weight was repeatedly fluctuated because of occurrence of depolymerization. Narrow molecular weight distribution polystyrene
latex having controlled molecular weight was synthesized by controlling ultrasonic irradiation time and the concentration of SDS.
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Fig. 1. Varation of temperature of water with ultrasonic irra-
diation time.
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A. Temperature Controller G. Water In

B. Ultrasound Generator H. Water Out

C. Thermocouple I. Nitrogen Cylinder

D. Cooling Jacket J. Ultrasound Hom

E. Reactor K. N; Flow Control Valve
F. Solenoid Valve

Fig. 2. The schematic diagram of experimental apparatus.
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Fig. 3. FT-IR spectra of standard and prepared polystyrene
latex.
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Table 1. Average Molecular Weight, Polydispersity and Degree of Polymerization with Ultrasound Energy Density, Temperature and
Surfactant Concentration Change

Weight-average Molecular | Number-average Molecular Polydispersity Degree of Polymerization
Weight (x10°%) Weight (x10°) VaISpersit (x10™)
Energy density
SDS _ Umd Voo 7y 105 140 175 2101 35 70 105 140 175 210 35 70 105 140 175 210{ 35 70 105 140 175 210
one. Temp.
05Wt.% 30 C 189 254 244 246 233 276|116 133 143 136 1.46 161(163 191 171 181 160 171|111 127 1.37 1.31 140 154
40 C 165 269 331 35 323 360078 128 145 162 1.66 184(251 210 228 219 1.% 2.00/074 122 139 155 159 176
50 C 74 2% 199 253 265 285079 106 102 137 146 162{2.20 223 1.9 185 182 176/075 101 098 131 140 1.5
10wt% 30 T 041 2% 276 284 288 300|135 134 156 171 192 202{1.81 176 177 166 150 153|120 1.28 149 164 184 1.8
0 C 210 245 3.44 342 396 3771108 125 165 193 203 2.38(1.94 196 208 177 1.60 138|103 120 158 185 194 2.28
50 C 963 320 340 313 342 391|113 145 150 173 1.92 236|2.32 220 2.14 181 178 166|108 1.39 152 166 184 26
15wt.% 0T 296 343 366 373 379 421|145 152 191 175 198 2.162.25 226 192 213 191 19|1.39 145 183 168 190 2.07
40 C 977 316 317 331 369 416|1.16 150 1.64 199 202 234(2.39 211 1.93 166 183 178|111 1.4 157 191 193 224 |
50 C 075 308 314 314 328 327120 138 158 162 174 186(2.20 223 1.99 194 1.89 1.76(1.15 132 151 155 167 178
20wt.% 0 C 391 343 356 378 376 448]1.24 147 218 2.16 221 265(250 2.33 163 175 1.70 169|119 141 209 2.07 212 254
40 C 989 372 376 411 388 437|147 165 1.8 175 225 254|1.87 226 200 235 222 172|141 158 1.80 168 216 243
50 C 191 29 291 314 335 435|108 152 185 1.97 213 243|177 1.84 157 159 158 179|103 145 177 1.89 204 2.38
Table 1614 B & %] FART BAZFL 1.74~448% 5.5 g g ; ;
I, AT BT 078~265X10° WA ZFHY 0B, —e— 05wt | o
2P SDS FEIF 2wto%oliL WL % 30TAA 1804 SO _m rowt | T
RS W A 2 % el Fig 48 ouA as bl = 0swes b
25 370 4 LASE EASI UAT et 28 N Rl T N )
ado A Yetudsel oux Wxrh Frhgte] uet FAHTE 40 ' : : : ‘ 7/
pAgel 2744 BUY # al.o_rq, =3 SDSel ¥E7} 2 = |
wt%Q W Exge] M4 2L & F itk Fo] AP e 35
w2 BEAAl 9@ A9 Bt wAFoEA o) UE %
o2 polystyrene latex®) @ZEel FAlo dojur] @] = 30
Baeke] A4 Zybste AR HolA v Aoy ARHG ”s
[11-13] )
Fig. 5% %% 50ColA SDSY 5o mE FFE9 20
Wehs e ageld. 2N ¢ + YFel SDse %
[e)

0 35 70 105 140 175 210 245

A Energy density [J/ml]

2 AfoA goze] A&dM Z1EFE oo e
monomer dropletell 93t Tgo] Holug HAFHE A ¢ Fig. 4. Variations of M, with time dependent energy density
29 FE o ¢ B8 Aojgtm slddh BY 250 2AR at 30T.
ols) ABRBAA G F2AZL & glon, =& ABHE
N3 Fuzg W& £ de 2 monomer droplet? 4.3. MEgo ofst #xj2tn X 27|9 st
Ag AE&Aoz AN ¢ Az, 38 AXNAE dAGER AEL Eote] H3E S A A ABEL 624~883%
R Oge FETAL e 4 A, G chemicalsel 23 A e WA FAE Ut Fig. 6 ¥-g 257 40TY o
Sukg £ gl #eYd FAE AT 4 QU oux] 9xeo Z7le w2 Aggel WHIHEZH AULEA

SDS9) FE7k cme o3kl 01 wrkolAE TS BT %
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Fig. 6. Variations of conversion with time dependent energy
density at 40C.
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Fig. 7. Variations of particle size with time dependent energy
density at 30C.
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Table 2. Conversion and Particle Size with Ultrasound Energy Density, Temperature, and Surfactant Concentration Change

Particle size (nm)

175 210 3H 70 105 140 175 210

460 541 398 342 366 433 427 450
530 62.4 463 0.0 407 546 8 631
60.8 644 418 56.6 572 437 511 583

669 89 400 42 589 56.5 652 707
734 83 380 369 427 66.7 572 55.4
76.0 &6 423 559 3%6.1 59.6 710 60.5

70.3 74 516 555 62.7 65.0 539 62.3
68.7 824 477 533 678 61.4 605 69.2
60.7 7.2 524 B8 623 724 649 655

Conversion (%)
DS Ener%}z/ rr(he)nsity ]

Cone. - 3 70 105 140

Temp.
0.5wt.% 30T 49 126 188 268
0T 61 205 288 453
50 C 45 136 297 381
1.0wt.% 30T 107 221 344 56.9
40 C 12.7 242 444 ) 62.1
50 T 145 20 525 65.1
15wt.% 0T 129 246 885 68.2
40 T 75 151 304 530
50 T 9.0 181 20.1 R
20wt.% 0T 94 155 258 U6
40 T 9.3 174 284 402
50 T 96 141 281 50.7

540 716 6.8 530 65.7 62.8 65.3 66.3
632 724 61.0 59.6 60.2 69.5 718 70.1
47 80.6 554 29.6 639 65.0 705 733

3.0

Polydispersity (M /M,)

0 35 70 105 140 175 210 245
Energy density [J/ml]

Fig. 9. Variations of polydispersity with time dependent energy
density at 30TC.
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