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Abstract—Many industrial operations, such as liquid-liquid mixing and multi-phase reaction, involve the formation of stirred
dispersions of immiscible liquids. In a polymerization reactor to produce incompatible polymer mixture, the prediction of av-
erage drop size is one of the most important factors that affect the productivity and product quality. In such systems drop
sizes are determined by the condition of flow ranges. Oil-in-oil dispersions such as polymeric emulsion often occur within
the viscous shear subrange in turbulent agitation, but few attempts have been made to predict the drop size. In this study, a
mechanistic model based on hydrodynamic force balance is suggested to predict the average drop size in polymeric emulsion.
The agreement between the model and the data of high impact polystyrene was quite satisfactory for the prediction of the av-
erage particle size of rubber dispersed phase.
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Table 1. Turbulent flow subranges
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Fig. 1. Process of phase inversion in the preparation of high impact

polystyrene (white: polystyrene phase, gray: polybutadiene

phase): (a) initial solution of polybutadiene in styrene, (b)

phase separation(polystyrene in styrene is dispersed), (c)

phase inversion stage(metastable), (d) after phase inversion
(polybutadiene in styrene is dispersed).

Table 2. Operation conditions for the prepolymerization reactor

Operation %R %EB %conv. Power Weight Temp. d*
number overall {kW} {ton} {°C} {um}
HIPS Runl 895 138 179 51. 13.02 1101 3.5
HIPS Run2 895 138 24.4 47. 13.05 1115 215
HIPS Run3 -897 1385 214 56. 13. 111.8 2.85
HIPS Run4 11.35 10.12 227 1105 13.02 117. 2.66
HIPS RunS 11.35 10.3 20.9 109. 13.02  116.6 277
HIPS Run6 1135 102 210 122. 13.02 116.8 2.65
HIPS Run7 7.85 13.94 202 41. 13.02 1122 335
HIPS Run8 7.85 1398 204 385 1289 1117 3.6
HIPS Run9 7.84 14.04 204 40.2 1302 1115 32

* Average rubber particle size measured at the final HIPS product.
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Fig. 2. Overall mixture viscosity of HIPS syrup as a function of po-

lystyrene conversion (without diluent).
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Fig. 3. Overall mixture viscosity of HIPS syrup as a function of po-
lystyrene conversion (with diluent).
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Table 3. Parameters required for the prediction of rubber particle size

Operation e Ue p c

number  {ms} {Pa-sp M gy (mmy ©
HIPS Runl 39171 04386 34578 84491 0366 05322
HIPS Run2 3.6015 1.1293 34990 854.03 0452 04738
HIPS Run3 43077 07221 35326 84887 0413 05015
HIPS Rund 8.4869 12653 70759 84725 0456 0.5294
HIPS Run5 83717 09892 70.424 84469 0433 05259
HIPS Run6 93702 09992 70.591 84472 0435 05263
HIPS_Run7 3.1490 04746 23.501 84684 0384 04906
HIPS_Run8 29868 04938 23422 847.62 0386 0.4881
HIPS_Run9 3.0876 0.4946 23302 847.78 038 04878




Table 4. Comparison between experimental and predicted particle sizes

Operation number d.., {um} dpes {um}
HIPS_Runl 3.50%0.30 3.403
HIPS Run2 2.15+0.35 2544
HIPS_Run3 2.85+0.30 2.766
HIPS_Run4 2.66+0.11 2.614
HIPS_Run5 2.77+0.12 2.805
HIPS Run6 2.65+0.15 2.658
HIPS_Run7 3.35+0.25 3.284
HIPS_Run§ 3.60+£0.20 3.309
HIPS_Run9 3.20+0.40 3.247
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Fig. 5. Prediction of HIPS particle size with temperature at different
rubber weight % (%conversion overall=20, p=p=850 kg/m’,
6=0.0001 N/m, e=5 m?/s’, ¥=3.14 ™).
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21 =
d : average diameter of drop or particle
d,.. : maximum stable drop diameter
L : macroscale of turbulence
r : distance of radial direction
u : component of velocity fluctuation vector
Uy : component of velocity fluctuation vector within drop
v’ : mean-square of velocity fluctuation vector

Greek letters

0% : shear rate

€ : local energy dissipation rate per unit mass
£ : average energy dissipation rate per unit mass
o : volume fraction of dispersed phase

n : Kolmogorov's length scale

u : viscosity

e : viscosity of continuous phase

Hq : viscosity of dispersed phase

V. : kinematic viscosity of continuous phase

p . density of mixture

p.  : density of continuous phase
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10.
11.
12.

14.
15.
16.
17.

18.

19.

20

: density of dispersed phase
: interfacial tension coefficient

: resisting viscous stress within drop
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