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B #) : Benzoyl peroxide & BAiA#|2, poly(vinyl alcohol) & Axza A REHE AHe
3te] 80, 85, 90°C ol A styrene s S A2 AHASUE 2F HF 213 poly-
styrene f 79 27 2 EiRe] 0.03~0.4cm 2] W] 292 Rosin-Rammler 43 #fol 7]
2F ¥ 37Y9A 2o AN ALERY 55 2 B3 28AY Hol wiep gragle
o] BREIE =l vt Fobetddrh. 22 batcho] 4] Aol polystyrene o] Fig5rF -
13717 AR wheb <7 AaP oo, KiTFArlel wWE Gel Permeation Chromato-
gram & 2 A A Foko] A Zm vt THES A Y oS ol Ak, KEEA
Zhel wet £RE g1 BE A4S KEEC ¢ Blistd 2 wKERER
FE| 21,600cal/g - mole o] {35 iEPk(Lel A& i)

Abstract : The suspension polymerization of styrene using benzoyl pero-
xide (BPO) as initiator and poly (vinyl alcohol) (PVA) as suspension stabi-
lizer was carried out in a four-neck flask at 80, 85, and 90°C. The particle
sizes of the polystyrene beads produced in this study ranged between 0. 03 and
0.4cm. The average bead diameter decreased with PVA concentration and
water-to-monomer phase ratio, and increased with BPO concentration. The
average molecular weight decreased slightly with particle size in a same sam-
ple, showing the existence of mass-transfer intrusion. The dispersity ratio
varied from 1.6 to 2.3. The Gel Permeation Chromatograms of the polysty-
rene partices of different sizes have nearly the same shape except for a slight
difference in the position of peak occurrence. By measuring the weight of poly-
styrene formed and calculating the conversion rate of styrene into polystyrene,
the overall activation energy of 21,600 cal/g-mole was obtained.
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1. nitrogen cylinder
2. pyrogallol+-KOH solution
3. nitrogen outlet
4. condenser
5. nitrogen inlet
6. thermometer
7. constant temperature water bath
8. 4-neck round bottom flask
9. addition funnel
10. stirrer

Figure 1. Schematic Diagram of Apparatus.
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Figure 2. Rosin-Rammler plot of Table 1.
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Sieve Analysis Data and Calculations for Rosin-Rammler

Distribution Plot. (Sample no.: SRN-2)

U S A. Standard sieve number Sieve opening x(u) \Velght fractlon R(%) 2—log R
~5 4, 000 0.235 23.5 0. 629
5~8 2, 360 0. 266 50.1 0. 300
8~10 2, 000 0. 107 60. 8 0.216
10~12 1,700 0. 089 69.7 0.157
12~14 1, 400 0. 066 76.3 0.117
14~16 1,180 0. 057 82.0 0. 086
16~18 1, 000 0.037 85.7 0. 067
18~20 850 0. 041 89.8 0. 047
20~25 710 0. 022 92.0 0. 036
25~30 600 0.019 93.9 0. 027
30~35 500 0.019 95.8 0.019
35~40 425 0.013 97.1 0.013
40~45 355 0.012 98.3 0. 007

pan — 0. 017 100. 0 0
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Figure 3. Calibration curve for polystyrene.
(1 count=2ml).
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Figure 4. Conversion curves at various temperatures.

Figure 5. (above) Polyst rene spheres from suspension
polymerization process.
(below) Imperfection encountered in suspen-

sion polymerization process.
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Figure 6. Average bead diameter vs. suspension

stabilizer concentration.
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Figure 8. Average bead diameter vs. initiator
concentration.
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Figure 9. Viscosity-average molecular weight vs.
average bead diameter of the same batch.
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Table [. Viscosity-average Molecular Weight according
to the Particle Size. (*fraction A means the
particles of sizes through sieve No. 5 and
on sieve No. 8, while fraction B through
No. 12 on No. 14)

ratio) = 1.6~2.39] & xo|x o},
sample SRN-9 ¢] chromatogram & $7F =7
of =2}t Figure 10,11¢] Jelliglict. o] 238 =
oAl Bl JHELS] 91X "l oE #olw z AA
A gfie A9 & B Wz dd. F &
X

. - - M
Sample no. Viscosity-average Molecular Weight T8 A BT 279 BRSNS vel Zn
Fraction A* Fraction B ) -
7ol tt,
SRN-1 44, 800 50, 800
SRN-2 43, 000 74,900 3-3. 4 Kkineties
SRN-3 38, 500 41,500 ‘ ]
SRN-4 35, 000 64,300 Figure 4 o velhd 7+ RESEo =3t ulk&
SRN-5 52, 200 71, 600 TANA = ;i 71 g7 25 2 ARES T
SRN-6 57, 200 66, 600 g Zlo] Table Well vrepht ok, o] 27|43k
Table J. Relationship between M,, M., and M,.
(*fraction A means the particles of 5/8, while B, of 12/14)
Sample no. Fraction* M. M, M., M, M. M,
SRN-7 A 33,700 44, 800 75, 000 1.0 : 1.33 : 2.23
B 36, 000 50, 800 80,000 1.0 @ 1.41 : 2.22
SRN-8 A 33,900 38,500 60, 400 1.0 ¢ 1.14 : 1.78
B 38, 000 41, 500 61,000 1.0 : 1.09 : 1.61
SRN-9 A 23, 900 35, 000 40, 600 1.0 : 146 : 1.70
B 37, 800 64, 300 67, 000 1.0 ¢ L.70 : 1.77
SRN-10 A 15, 300 20, 200 27,600 1.0 ¢ 1L.32 : 1.80
B 24, 200 32,700 44, 600 1.0 : 1.35 : 184

Figure 10. Gel Permeation Chromatogram.
(Sample: SRN-9, 5/8)
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Figure 11. Gel Permeation Chromatogram,
(Sample: SRN-9, 12/14)
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Figure 12. Initial conversion rate vs. 1/T.

Table [f. Initial Conversion Rate vs. 1/T.

1/Tx10%, K 2.755 2.793  2.833

Initial conversion =
rate, mole/]-hr. 0.34 0.24 0.155
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