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PREPARATION OF MONODISPERSE POLYMER MICROSPHERES
BY DISPERSION POLYMERIZATION

Yasuo HATATE, Toshiro OKAE, Atsushi HIRANO
and Yoshimitsu UEMURA

An experimental study was carried out to obtain monodisperse polymer microspheres of 10 x#m by
dispersion polymerization. The microspheres of polystyrene and styrene-n-butyl acrylate copolymer
were prepared. Mixtures of ethanol and ethylene glycol monomethyl ether (MeCell) were used as the
solvent. The average and variance of the particle diameters decreased by decreasing the concentration
of MeCell in the solvent. The solubility of the polymer in the solvent becomes poor with a decrease in
the MeCell concentration. Monodisperse microspheres were obtained at lower temperatures than
70°C. The average particle diameters were affected by the revolution rate. In the copolymerization of
styrene and n-butyl acrylate, the conversion curve of n-butyl acrylate showed a particular tendency.
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Fig. 1 Experimental apparatus
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Table 1 Experimental conditions (styrene polymerization)

Run Styrene BPO EtOH MeCell PVP Stage 1 Revolution
No. Reaction Temp. rate
[vol%] [g] [vol%] [vol %] [8] [c] [rpm]
DP-33 17.5 3.0 45.0 37.5 5.0 65 350
DP-5 t t 41.3 41.3 t t t
DP-16 1 t 35.0 47.5 t t t
DP-30 1 t 30.0 52.5 t t t
DP-31 LSS N 2.0 . sms
‘pP-28 t 35.0 47.5 t 50 t
DP-19 t t 1 1 t 55 1
DP-27 t t t t t 60 t
DP-26 1 t t t t 70 t
DP-22 1 t 1 t 1 75 t
) S S S S S 65 15
DP-23 t t t t t t 250
DP-24 t t t t t t 450
DP-21 1 1 t 1 t t 600

In all experiments, after the polymerization of stage I for 2 h, the temperature was elevated

to 75C. The polymerization of stage

I was allowed to continue for 22 h.

Table 2 Experimental conditions (copolymerization of styrene and n-butyl acrylate)

Run Styrene n—-BA BPO EtOH Water PVP
No. [vol %] [vol%] [vol%] [vol %] [g]
DC-12 13.6 3.9 3.00 77.5 5.0 5.00
DC-13 1 79.5 3.0 )
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Table 3 Effect of solvent composition

Particle diameter

Molecular weight

Run MeCell Standard Variation
No. [vol%] D,. deviation coefficient M, u
[#m ] (pm] [%] (X10%

DP-33 37.5 5.4 0.52 9.6 2.13 1.02
DP-5 41.3 5.3 0.49 9.2 2.24 1.05
DP-16 47.5 12.1 1.33 11.0 1.86 0.98
DP-30 52.5 17.1 2.55 14.9 2.05 0.94
DP-31 57.5 42.3 10. 26 24.3 2.04 0. 86

D,. = Weight average particle diameter
Variation coefficient
u= M,/M, -1

¢ /D,X100, o = Standard deviation

Table 4 Effect of stage I reaction temperature

Particle diameter

Molecular weight

Run Temp. Standard Variation
No. [t] D, deviation coefficient M, u
[pm ] [#m ] (%] (Xx10%

DP-28 50 7.2 1.06 14.8 2.09 1.08
DP-19 55 9.2 1.12 12.2 2.14 1.04
DP-27 60 10.6 1.64 15.5 2.18 1.06
DP-16 65 12.1 1.33 11.0 1.86 0.98
DP-26 70 12.9 1.49 11.6 2.14 1.02
DP-22 75 i (broad) 1.91 0.85

D,, = Weight average particle diameter

Variation coefficient = ¢ /D, X100, ¢ = Standard deviation

u = M,/M, -1
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Fig. 2 Effect of MeCell concentration on average
particle diameters

Particle diameter [um]

N
o

o
I

Particle diameter [um]l

o1 1 4 1 vy
100 200 300 400 500 600
Revolution rate [rpm]

Fig. 3 Effect of revolution rate on average particle
diameters
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Table 5 Effect of revolution rate

Particle diameter

Molecular weight

Run Rev. rate Standard Variation
No. [rpm ] D, deviation coefficient M,, u
[pm] [4m] [%] (X10%
DP-20 150 5.9 0.98 16.6 2.27 1.08
DP-23 250 8.5 0.81 9.5 1.99 1.02
DP-16 350 12.1 1.33 11.0 1.86 0.98
DP-24 450 8.5 0.75 8.8 1.94 0.96
DP-21 600 6.2 0.61 9.9 1.47 0.96
D,, = Weight average particle diameter
Variation coefficient = ¢ /D, X100, ¢ = Standard deviation
u = M,/M, -1
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Fig. 4 Effect of stage I reaction temperature on
average particle diameters
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Table 6 Experimental results (copolymerization of styrene and n-butyl acrylate)

Particle diameter

Molecular weight

Run Water Standard Variation
No. [vol %] D,, Range deviation  coefficient M, u
[pm] [#m] [#m] (%] (x10%)

DC-12 5.0 2.8 2.0~3.7 0.35 12.5 2.18 1.23

DC-13 3.0 3.7 3.0~4.8 0.62 16.8 1.81 1.18

D,, = Weight average particle diameter

Variation coefficient = ¢ /D,,X100, ¢ = Standard deviation

u = M,/M, -1
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Fig. 5 Time—dependency of conversion (DC—-12)
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