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Abstract

The effects of the stirring rate and the stabilizer concentration on the particle size of the suspension

polymerized polystyrene were experimentally investigated. The reaction was carried out in an

unbaffled mixing vessel with benzoyl peroxide as the initiator and polyvinyl alcohol as the stabilizer.

The measurement of the product particle size by standard sieves showed that: (1) The average

particle size decreased with the increase in stirring rate according to the following relationship,
log d=—0.00070 (ND)+0.97

and (2) The propeller type impeller produced the products with broader size distributions than the

turbine type impeller of the same dimension.
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Fig. 1. Reactor geometry.
b—— b ——f
D(em) H{cm) a(cm) b(cm)
3.84 2.10 2.01 0.32
5.05 2.06 2.22 0.48
3.03 2.07 1.28 1.06 0.32
Fig. 2. Impeller eometry.
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Table 1. Sieve analysis. 1-liter reactor; 40/400 (Monomer/water);
Turbine impeller diameter, 3. 8cm; 0.001 PVA.
mesh | —IPM | 300 400 500 600 700 800 300 300
6 3.26
7 2.83
8 2.38 0.08 0.08
10 2.00 0.13 0.33 1.27 2.02
12 1.68 0. 49 0.98 0. 63 4.06 7.21
14 1.41 3.63 2.86 1.65 6. 35 8.34
16 1.19 8.26 4. 36 3.50 5.18 4.25
18 1.00 0.88 0.90 1.14 0.90
20 0.84 2.21 2.53 3.20 1.93 2.08
25 0.71 1.62 2.53 1. 40 1.10 0.81
30 0.59 2.01 3.02 2.93 1.84 1.32
35 0.50 0.66 1. 06 1.26 0.85 0.59
40 0.42 1.28 1.67 1.53 0.97 0.62
45 0.35 0.35 0. 06 0. 30 1.06 0. 06 0.01 0.29
50 0. 297 0.18 0.33 0.64 0. 36 0.15
60 0. 250 0.49 1.12 1.63 0.53 1.12 0.31
80 0.177 0.11 0.32 0. 83 0. 60 1.24 0.19
120 0.125 0.05 0.62 8.16 2.45 1.54
140 0.105 0.05 0.02 0.64 0.12 0. 66
170 0. 888 4. 57 1.53 2. 38
200 0.074 1.28 1.33 1.08
270 0.053 | 0. 50 111 2.48
325 0. 044 l 0.01 0. 09
Sum (gr) | 22.4 22.1 21.3 17.3 9.41 8.33 25.1 27.6
Table 2. Sieve analysis and Reaction conditions.
mesh | IO 300 400 200 500 500 300 400
7 2.83 0.95 ‘
8 2.38 0.85
10 2.00 0.17 4.32
12 1.68 0.26 4,57 1.25
14 1.41 0. 66 4.68 1.52
16 1.19 1.00 2.82 1.42
18 1.00 0.25 0. 83 0. 49 1.12 0.35
20 0.84 0.73 0.24 0. 87 0. 62
25 0.71 0.58 0.19 0.76 0.39 0. 42
30 0.59 0. 68 0.31 1.16 0.67 1.52
35 0.50 0. 38 0.24 0.59 0. 61 2.86
40 0.42 0. 60 0. 82 1. 30 18.46
45 0.35 0.22 0.03 0. 62 0.04 0.19 (
50 0. 297 0. 66 0.76 0.15 0.16 0. 38 3. 83 ‘l
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60 0. 250 5. 40 1.68 0. 40 0.23 1.67 15.80 | 1.63
80 0.177 1.99 3.86 0.13 1.13 1.02 497 3.78
120 0.125 1.17 6. 44 0.11 3.86 15. 22 4.55 5.27
140 0.105 0.04 0.15 0.33 1.04 0.17 0.11
170 0.088 1.37 9.25 14. 07 1.10 111
200 0.074 3.22 6.63 0.62 0.59
270 0.053 1.35 1.62 0.27 0. 40
325 0. 044 0.18 0.20
Sum (gr) ‘ 14.8 16.1 24.0 20.3 45.9 60. 0 13.0
Reactor Yolume | 1.0 1.0 1.0 3.0 3.0 1.0
PVA Mole Fraction } 0.01 1 0. 001 0. 001 0. 04
Monomer Water ] 40/400 40/400  40/400  100/1000 100/1000 |  40/400
mpeller Diameter | Tubine 3.8 Turbine 5.0 Turb. 5.0! Prop. 3.8
Table Number | (@) ‘ (b) © ] @
Table 3. Sieve analysis and reaction conditions. reactor volume; 1 liter, 0.001 PVA.
Mesh | TPm s00 | 500 400 300 600
4 4.76 ! 9. 54 l
5 4.00 8.90 |
6 3.26 4.34 ‘
7 2.83 0.19 1.63
8 2.38 0.14 0. 40
10 2. 00 0.22 1.36
12 1.68 0.04 0. 68 0.45
14 141 0.24 0.32 4.24 0.13
16 1.19 3.50 4.72 11. 46 0.01
18 1.00 2. 86 2.31 2.28 0.06 1.79
20 0.84 8.03 5.10 4.16 2.00
25 0.71 6.06 3.96 1.88 | 3.03
30 0.59 7.48 5. 62 1.78 ! 1.96
35 0.50 2.32 i 2.04 0.57 3.43
40 0.42 1.50 1.91 0. 62 0.15
45 0.35 0.01 0. 04 0.01 1.25
50 0.297 0. 49 0.25 0.16 0. 30
60 0. 250 0.31 3.76
80 0.177 0.56 0.09 1.29
120 0.125 0.09 0.09 1.30
140 0.105 0.10
170 0. 088 0.22
200 0.074 0.15
270 0.053 0.11
325 0. 044
Sum. gr. EX 26.9 28.9 2.8 20. 8
Monomer/Water Ratio ‘ 50/500 40/400
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Fig. 3. The relation of particle diameter with the

3 O B o
impeller tip speed for turbine impeller; gats] A2 & F ek,
0.001 PVA.

Table 4. Representative particle diameters for turbine type impeller obtained from sieve analysis data.

(0. 001 PVA, 1 liter reactor)

D(cm) ‘ 38 38 30 38 30 30 38 3.8 38 38 3.8 50 38
N (zpm) | 200 300 300 400 300 500 500 400 500 600 600 700 500 800
d(ram) H 1.84 1.30 1.55 1.30 1.55 0.78 0.78 1.30 0.92 0.15 0.15 0.15 0.10 0.10

Fo] W BPRTY K ¥ vHE
2. WAL} HEATH As

18 o4 4 vk F 300 rpm Y] $L8 ok

Table 1914 mutExrt Q1A A7]e] A F& 7097 =0 22 800 rpm v 25%<E] o] AL
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Fig. 4. Schematic diagram of vortex level ot
which narrower particle size distributions
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Particle size distribution;. weight
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/water;D=3. 8cm; 600 rpm.
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Nomenclature

diameter of droplet or particle (mm)

diameter of impeller (cm)

=z U

revolution per minute (rpm)

radius of droplet or particle (cm)

~

velocity of flow (cm/sec)

viscosity (gr/cm-sec)

interfacial tension (dyne/cm)

a function which is to be a critical Weber

=N T 3

number

Subscrict

¢ continuous phase

d dispersed phase
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