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APPENDIX A
Data of Absorption and Desorption in Toluene:lsooctane Solvent of the Copolym er Beads. 
Table A-1 Absorption and  desorption of polymer bead  of poly(ทาethyl m ethacrylate)/

polystyrene (Run PMMA/PS: 1st)
Time Absorption Desorption
(min) Bead Dia. Bead Vol. a v /a t Bead Dia. Bead Vol. a .v/a t

(mm ) (m m 3) (m m 3/m in ) (mm ) (rnm3) (m m 3/m in )

0 1.1111 0.7184 0.1455 1.8222 3.1681 -0.5558
2 1.2444 1.0094 0.1202 1.5778 2.0565 -0.2066
5 1.3778 1.3698 0.0875 1.4000 1.4368 -0.0513
10 1.5111 1.8072 0.0857 1.3111 1.1801 -0.0342
15 1.6222 2.2359 0.0675 1.2444 1.0091 -0.0307
20 1.7000 2.5732 0.0521 1.1777 0.8554 -0.0186
25 1.7556 2.8338 0.0441 1.1333 0.7622 -0.0088
30 1.8000 3.0545 0.0229 1.1111 0.7182 0.0000
35 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
40 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
45 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
50 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
55 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
60 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
65 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
70 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
75 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
80 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
85 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
90 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000

Time (m in)

Figure A-1 Variation of polym er b ea d  volum e with time (Run PMMA/PS: 1st)
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Table A-2 Absorption and desorption  of polym er b ead  of poly(m ethyl m ethacrylate)/
polystyrene (Run PMMA/PS: 2nd)

Time Absorption Desorption
(min) Bead Dia. Bead Vol. A //A T Bead Dia. Bead Vol. AV/AT

(mm) (mm3) (mrrWmin) (mm) (mm3) (mrrWmin)
0 1.1111 0.7184 0.1730 1.8222 3.1681 -0.5986
2 1.2667 1.0644 0.1242 1.5556 1.9709 -0.2005
5 1.4000 1.4372 0.0740 1.3776 1.3694 -0.0610
10 1.5111 1.8072 0.0857 1.2667 1.0641 -0.0319
15 1.6222 2.2359 0.0574 1.2000 0.9048 -0.0099
20 1.6889 2.5231 0.0409 1.1778 0.8554 -0.0095
25 1.7333 2.7275 0.0431 1.1556 0.8079 -0.0091
30 1.7778 2.9428 0.0452 1.1333 0.7622 -0.0088
35 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
40 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
45 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
50 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
55 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
60 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
65 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
70 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
75 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
80 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
85 1.8222 3.1690 0.0000 1.1111 0.7182 0.0000
50 3.1690 Ô.ÛÔ0Ô r r m 0.71Ô2 Ù.ÛÛ00

Figure A-2 Variation of polym er b ea d  volum e with time (Run PMMA/PS: 2nd)
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Table A-3 Absorption an d  desorption  of polym er b ead  of poly(m ethyl m ethacrylate)/
polystyrene (Run PMMA/PS: 3rd)

Time Absorption Desorption
(min) Bead Dia. Bead Vol. A V /A T Bead Dia. Bead Vol. A V /A T

(mm) (mm1) (mm /min) (mm) (mm3) (mrrWmin)
0 1.1111 0.7184 0.1455 1.7778 2.9419 -0.3986
2 1.2444 1.0004 Ü.0984 1.6000 2.1447 -0.1889
6 1.35๖6 1.3046 0.1005 1.4444 1.5780 — -0.0756

~ ÏÏ3 1.5111 1.8072 0.0676 1.3111 1.1ÔÛ1 -0.0342
15 1.0000 2.1453 0.0559 1.2444 1.0091 -0 .o3O7
20 1.6667 2.4248 0.0605 1.Ï77Ô" 0.8554 -0.0186
25 1.7333 — 27275— 0.0431 1.1333 0.7522 -0.0088
30 1.777B' 2.5438 0.0452 r r m 0.7152 0.0000
35 1.8223 3.15ÔO Ô.0ÛOÔ r r m 0.7162 0.0000
4Ü 1.8222 3.1690 0.0000 1.1111 0.7182 O.Oooo
45 1.8222 3.1690 0.0000 1.1111 07182 0.0000
50 1.0233 3.1690 0.0000 1.1111 0.7182 Û.ÙÔ00
55 1.8323 3.1650 0.0000 1.1111 0.7182 Û.ÛÛ00
50 1.8222 3.1690 0.0000 — r r m 0.7182 0.0000
65 1.8222 3.1690 0.0000 r r m 07182 5.Û0Ù0
70 1.8222 3.1690 0.0000 1.1 า 11 0 7182 0.0000
75 1.8222 3.1690 0.0000 1.1111 07182 0.0000
80 1.8222 3.1690 0.0000 1 1111 " ไ ! ฑ  82 " 0.0000
85 1.8222 3.1690 0.0000 r r m 0.7182 0.0000
90 1.8222 3.1050 Ô.0ÔÙ0 r r m 0.7152 0.0000

Figure A-3 Variation of polym er b ead  volum e with time (Run PMMA/PS: 3rd)
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Table A-4 Absorption and d esorp tion  of polym er b ead  of poly(กาethyl acrylate)/polystyrene
(Run PMA/PS: 1st)

Time Absorption Desorption
(min) Bead Dia. Bead Vol. AV/AT Bead Dia. Bead Vol. AV/AT

(mm) (mm3) (mmS/min) (mm) (mm3) (ทา rTWmin)
0 1.7111 2.6240 0.1594 2.0889 4.7739 -0.2919
2 1.7778 2.9428 0.1145 2.0000 4.1900 -0.1351
5 1.8444 3.2864 0.0240 1.9333 3.7848 -0.0510
10 1.8666 3.4064 0.0499 1.8889 3.5298 -0.0487
15 1.9111 3.6558 0.0258 1.8444 3.2864 -0.0464
20 1.9333 3.7848 0.0264 1.8000 3.0545 -0.0223
25 1.9556 3.9169 0.0270 1.7778 2.9428 -0.0218
30 1.9778 4.0519 0.0276 1.7556 2.8338 -0.0213
35 2.0000 4.1900 0.0282 1.7333 2.7275 -0.0207
40 2.0222 4.3312 0.0289 1.7111 2.6240 0.0000
45 2.0444 4.4756 0.0295 1.7111 2.6240 0.0000
50 2.0667 4.6231 0.0301 1.7111 2.6240 0.0000
55 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
60 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
65 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
70 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
75 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
80 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
85 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
90 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000

EE.Q)I

Time (m in)

Figure A-4 Variation of polym er b ead  volum e with time (Run PMA/PS: 1st)
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Table A-5 A bsorption and desorption of polym er b ead  of poly(m ethyl acrylate)/polystyrene
(Run PMA/PS: 2nd)

Time Absorption Desorption
(min) Bead Dia. Bead Vol. AV/AT Bead Dia. Bead Vol. AV/AT

(mm) (mm3) (mm3/min) (mm) (mm3) (mm3/min)
0 1.7111 2.6240 0.1049 2.0889 . 4.7739 -0.2213
2 1.7556 2.8338 0.0736 2.0222 4.3312 -0.1381
5 1.8000 3.0545 0.0464 1.9556 3.9169 -0.0522
10 1.8444 3.2864 0.0487 1.9111 3.6558 -0.0739
15 1.8889 3.5298 0.0510 1.8444 3.2864 -0.0235
20 1.9333 3.7848 0.0264 1.8222 3.1690 -0.0452
25 1.9556 3.9169 0.0270 1.7778 2.9428 -0.0218
30 1.9778 4.0519 0.0276 1.7556 2.8338 -0.0213
35 2.0000 4.1900 0.0282 1.7333 2.7275 -0.0207
40 2.0222 4.3312 0.0289 1.7111 2.6240 0.0000
45 2.0444 4.4756 0.0295 1.7111 2.6240 0.0000
50 2.0667 4.6231 0.0301 1.7111 2.6240 0.0000
55 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
60 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
65 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
70 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
75 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
80 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
85 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
90 2.0889 4.7739 0.0000 1.7111 ' 2.6240 0.0000

Time (m in)

Figure A-5 Variation of polym er b ead  volum e with tim e (Run PMA/PS: 2nd)
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Table A-6 Absorption and desorption  of polym er b ead  of poly(m ethyl acrylate)/polystyrene
(Run PMA/PS: 3rd)

Time
(min)

Absorption Desorption
Bead Dia. 

(mm)
Bead Vol. 

(mm3)
AV/AT
(mm3/miri)

Bead Dia. 
(mm)

B ead Vol. 
(mm3)

AV/AT
(mm3/min)

0 T7TTT 2.6240 0.1049 2.0889 4.7739 -0.2313
2 1.7556 2.8338 0.0736 N ๐ o ๐ ๐ 4.1900 " '-0.0310
5 1.8000 3.0545 0.0464 179556 ” 3iS163 ' "-0.0522
โซ 1.8444 3.2864 0.0487 1.3111 3.6558 -0.0739
โร 1.8805 3.5298 0.0252 1.8444 3.2864 — -0.0464
2ซ 1.5fl1 3.6558 0.0522 1.8000 3.0545 -0.0223

1.9556 3.9169 Ù.O270 1.7778 -  2'.3425 -0.0218
30 1.9778 4.0515 Û.Û276 1.7556 2.6338 -0.0213
35 2.0000 4.1900 0.Ô282 1.7333 2.7275 -  -0.0207
40 2.0222 " 4.3312 0.0289 1.7111 2.6240 — ซ'ซซซซ—
45 2.0444 4.4756 0.0235 1.7111 2.6240 0.0000
50 2.0667 4.6231 0.0301 1.7l11 2.6240 0.0000
55 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
60 2.0663 4.7739 0.0000 1.7111 2.6240 0.0000
65 2.0889 4.7739 0.0000 1.7111 2.6240 0.0000
โซ 2.0889 4.7733 0.0000 1.7111 2.6240 0.0)๐00
75 2.0663 4.7735 0.0000 1.7111 2.6240 Ü.0000
รซ- 2.088Ô 4.7739 ๐ ๐ ๐ o o 1 .?111 2.6240 0.OOOO
85 2.0889 4.7735 p b ๐ ๐ ๐ 1.7111 2.6240 0.Û000
90 2.0805 4.7739 OTjOOO 1.7111 2.6240 0.0000

Time (m in)

Figure A-6 Variation of polym er b ea d  volum e with time (Run PMA/PS: 3rd)



107
Table A-7 Absorption and desorption  of polym er b ead  of poly(2-ethylhexyl acrylate)/polystyrene

(Run P(2-EHA)/PS: 1st)
I ime Absorption Desorption
(min) Bead Dia. Bead Vol. AV/AT Bead Dia. Bead  Vol. AV/AT

(m m ) (m m 3) (m m 3/m in ) (mm ) (m m 3) (m m 3/m in )
0 2.๖๖๖6 8.7414 1.9430 3.9333 31.862๖ -----27591-----
2 2.8855 12.62/5 0.9351 30889 25.2837 -----22971-----
5 3.0889 15.4359 015393 3333 19.3925 -----07251-----
TÜ 3.2889 18.6325 0.4718 3.1111 1๖.7668 -----00553—
T3 3.4222 20.9917 0.5092 20778 ■  "T3.'8254 -----07350—
20 3. ๖๖๖3 23.5377 0.3629 2.844๖ . 12.0502 -----02975—
25 3.6444 2๖.3๖22 0.47๙1 2.7222 10.5525 -0.17๖9
3U 3. /bb6 27.7427 0.1993 2.6444 9.๖828 -----07555—
35 315000 28.7392 0.2040 2.๖๖๖6 57359 ----- 0D000-----
TO 3.8444 29.7593 0.1038 2.๖๖56 57359 O.OOoo
TO 3.8557 30.2786 OT050 2. ๖๖๖๖ 57359 O.booo
50 313589 30.8035 0.1062 2. ๖๖๖6 57359 OOÜOO
55 3.9111 31.3346 00074 2.๖๖๖6 57359 ----- OOÜOO-----
50 3.9333 303717 0.0000 2.๖๖๖6 57389 ----- ÜOÜÜÜ-----
65 3.9333 31.8717 0.0000 2.๖๖๖6 57359----- 0.0000
70 3.9333 3พ 17 013000 2.๖๖๖6 57359----- 0.0000
75 3.9333 31.8717 013000 2.๖๖56 57359 00000
50 3.9333 31.871 7 0.0000 2.๖๖๖๖ 57359 ÜOÜÜÜ
55 3.9333 31.8717 0.0000 2.๖ ๖๖6 57359 ----- ÜOÜÜÜ-----
00 330303 31.8717 0.0000 2.๖ ๖๖6 57359 ÜOÜÜÜ
TOO 3.9333 3T757T7 0.0000 2. ๖๖๖๖ 57359 ÜOÜÜÜ
HO 30333 31.8717 013000 2.๖๖๖6 57359 ÜOÜÜÜ
TOO 3:3333 31.0717 0.0000 2.๖๖๖๖ 8.7389 ÜOÜÜÜ

Eฐ.

I

20 40 60 80
Time (min)

100 120 140

Figure A-7 Variation of polym er b ead  volum e with time (Run P(2-EHA)/PS: 1st)
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APPENDIX B

The calculation of the diffusion coefficient of solvents absorbed and desorbed in 
the core/shell beads.
The diffusion coefficient of core/shell beads can be calculated from equation (B-1)

T =  a2/D (B-1)
where T is a characteristic swelling time

a is the final radius of the fully swollen gel 
อ is the diffusion coefficient of the gel in the liquid

From the equation (B-2), the characteristic swelling time T can be obtained 
from the slope of the เท (A a t / A a 0) -  time plot.

เท (A a t / A a 0) = con s t.-t/T  (B-2)

where A a , is the difference between the size (radius) at time t and that at 
the saturation swelling

A a 0 is the total change in radius throughout the entire swelling process

From the experiment, the core/shell bead of poly(methyl ทาethacrylate)/polystyrene 
by one-stage suspension polymerization, as Run PMMA/PS for the first cycle was

plotted. The slope of the เท (A a t / A a 0) -  time plot is -0.0523. Thus,

T = 19.12 minutes
Since a = 0.911 mm, thus อ = 0.0434 mm2min’1
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Table B-1 Data for the calculation of the diffusion coefficient of solvents absorbed and 
desorbed in the core/shell beads.

Runs Time
(min)

Bead Radius 
(a, mm)

Aat
(mm)

เท (Aat /À a 0)

PMMA/PS: 1st 0 0.55555 - -
2 0.62222 0.06665 -1.6740
5 0.68889 0.06667 -1.6740
10 0.75555 0.06665 -1.6740
15 0.81111 0.05555 -1.8563
20 0.85000 0.03889 -2.2129
25 0.87778 0.02778 -2.5494
30 0.90000 0.02222 -2.7727
35 0.91111 0.01111 -3.4658

PMMA/PS: 2nd 0 0.55555 - -
2 063335 0.07778 -1.5198
5 0.70000 0.06666 -1.6740
10 0.75555 0.05555 -1.8563
15 0.81111 0.05555 -1.8563
20 0.84445 0.03333 -2.3671
25 0.86665 0.02222 -2.7725
30 0.88889 0.02222 -2.7225
35 0.91111 0.02222 -2.7725

PMMA/PS: 3rd 0 0.55555 - -
2 0.62222 0.06667 -1.6740
5 0.67778 0.05556 -1.8562
10 0.75555 0.07777 -1.5199
15 0.80000 0.04444 -2.0794
20 0.83335 0.03333 -2.3671
25 0.86665 0.03333 -2.3671
30 0.88889 0.02222 -2.7725
35 0.91111 0.02222 -2.7725
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Table B-1 (Continued)

Runs Time
(min)

Bead Radius 
(a, mm)

Aat
(mm)

เท (Àat / A a0)

PMA/PS: 1st 0 0.85555 - -
2 0.88889 0.03335 -1.7346
5 0.92222 0.03333 -1.7347
10 0.93331 0.01109 -2.8351
15 0.95555 0.02225 -2.1391
20 0.96665 0.01111 -2.8333
25 0.97778 0.01111 -2.8333
30 0.98889 0.01111 -2.8333
35 1.00000 0.01111 -2.8333
40 1.01111 0.01111 -2.8333
45 1.02222 0.01111 -2.8333
50 1.03335 0.01111 -2.8333
55 1.04445 0.01111 -2.8333

PMA/PS: 2nd 0 0.85555 - -
2 0.87778 0.02225 -2.1399
5 0.90000 0.02222 -2.1402
10 0.92222 0.02222 -2.1402
15 0.94445 0.02225 -2.1399
20 0.96665 0.02222 -2.1402
25 0.97778 0.01111 -2.8333
30 0.98889 0.01111 -2.8333
35 1.00000 0.01111 -2.8333
40 1.01111 0.01111 -2.8333
45 1.02222 0.01111 -2.8333
50 1.03335 0.01111 -2.8333
55 1.04445 0.01111 -2.8333



Table B-1 (Continued)
Runs Time Bead Radius Aat เท (Àat /À a 0)

(min) (a, mm) (mm)
PMA/PS: 3rd 0 0.85555 - -

2 0.87778 0.02222 -2.1399
5 0.90000 0.02222 -2.1402
10 0.92222 0.02222 -2.1402
15 0.94445 0.02222 -2.1399
20 0.95555 0.01111 -2.8333
25 0.97778 0.02222 -2.1399
30 0.98889 0.01111 -2.8333
35 1.00000 0.01111 -2.8333
40 1.01111 0.01111 -2.8333
45 1.02222 0.01111 -2.8333
50 1.03335 0.01111 -2.8333
55 1.04445 0.01111 -2.8333

P(2-EHA)/PS: 1st 0 1.27778 - -
2 1.44445 0.16665 -1.4191
5 1.54445 0.10000 -1.9299
10 1.64445 0.10000 -1.2929
15 1.71111 0.06665 -2.3354
20 1.77766 0.06665 -2.3370
25 1.82222 0.04455 -2.7383
30 1.87778 0.05556 -2.5176
35 1.90000 0.02222 -3.4341
40 1.92222 0.02222 -3.4341
45 1.93335 0.01111 -4.1268
50 1.94445 0.01111 -4.1272
55 1.95555 0.01111 -4.1272
60 1.96665 0.01111 -4.1272
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Time (min)
0  1 0  2 0  3 0  4 0

Time (min)
0  1 0  2 0  3 0  4 0  5 0  6 0

Time (min)
0  1 0  2 0  3 0  4 0  5 0  6 0  7 0



T im e  (m in )

0  1 0  2 0  3 0  4 0

T im e  (m in )
0  1 0  2 0  3 0  4 0  5 0  6 0
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Time (min)0 10 20 30 40

R u n  P M M A /P S : 3 r d

T im e  (m in )
0  1 0  2 0  3 0  4 0  5 0  6 0

1
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