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Modeling and Prediction of the Particle Size Distribution of a High-Impact Polymer
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Abstract — Hydrodynamic modeling was carried out to predict the particle size distribution of high-impact polymers pro-
duced by the multicomponent dispersed polymerization reactor. Mixing flow subranges of the dispersion system were catego-
rized and then a model suitable for the breakage frequency describing this subrange was developed. The generalized population
balance equation was applied to predict the particle size distribution of dispersion system, based cn the model developed in this
study. It was possible to explain the bimodality in the particle size distribution by introducing the erosive breakage process. The
agreement between the result of numerical simulation and the expertmental data of high-impact polystyrene was quite satisfactory.

Key words: Particle Size Distribution, Population Balance Equation, Breakage Frequency, High-Impact Polystyrene

LM £

ZAgshed ol o At

MA ZEHIST(0) o 1EHN DEA RS BMYTEE Y W OF

7]} 25 et HEAE] E48 5% 7 dore,
oz Hae 4L IS she U=EEE YRS 24xd

i

e

I AR g A FoM tE i S5
ghg-7lof o MZU-2 Z1AAR BAgd) B8] H=E gdEaA &

Ao A FF £4E 2Ysk] 25AY TRAANEE Anse
WA ol g BlAhEA A E Y FHE Hoalg] Felt) o] A
£ FHTAFo gAY 7P 285 FIE v e dRkE ARk
271 9 2X¥olril]. HHY 844 BT vAed v AREE
)R] Hat PR o] o= He o] S e sler ¥y B
Zr|dMe BAo] Adkehe EAE Hoiga Qv Hek Hat i)
FUF ARAMET BRI @GR4 BX (unimodal size distribution)s

b= o] Bl BF (bimodal size distributionyg zi= ZAL7} Bo} WE

Aie] F& Aoz nuso] nH) Wb TR ZAYGRR

tE-mail: sjlee @mail.suwon.ac ke

467

A BEAA ot T 254 - & 03l A
7R ol T BAIUAE A7) f BEE Aljsle QA EE A
A sl SEEEIY 2=, 9, dE2HY S,
ZUEAL vpe] B, e 29 4=E e
Z3% F2 Zeldnt. o)t T2 AbiAe
< ULE, AT, IBEE g akE AololA dAl] AgE SRS
A AH2ng e AL AHE] ofeld Yol 49 4¥E w
Bog 234 FEEr|E 2ske WAl AES iR A4
slellre HE8E8 & AR e A2 OEE A% FER A
Aol s BFHEA TdHor J7e BF SdE Zoled @
A7E go A= AL Pylds acle] Hol A HdolAA &

#
=13
5

o [



468 Sl

(d)

Fig. 1. Process of phase inversion in the preparation of high impact poly-
styrene(white: polystyrene phase, gray: polybutadiene phase).
(a) initial solution of polybutadiene in styrene, (b) phase separation,
(c) phase inversion stage(metastable), (d) after phase inversion
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Tabie 1. Breakage conditions used in numerical simulations

Sa.mplc Na‘a Nsa Rvol Kl & KZ

HT76 1 80 800 1X107%,005
HT715 1 10 40 1x107%, 005
HT516 1 12 5000 11075, 0.05
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Fig. 3. Comparison of rubber particle distribution of high impact poly-
styrene at steady state(HT76).
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Comparison With Plant Data
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Fig, 4. Comparison of rubber particle distribution of high impact poly-

styrene at steady state(HT715).
Comparison With Plant Data
(HT516 3ZA19)
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Fig. 5. Comparison of rubber particle distribution of high impact poly-
styrene at steady state(HT516).
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Fig, 6. Transient behavior of rubber particle size distribution of high
impact polystyrene(IIT76).
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Fig. 7. Transient behavior of rubber particle size distribution of high
impact polystyrene(HT715).
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Fig. 8. Transient behavior of rubber particle size distribution of high
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AR} AT A AS BE QP Qe YRPEe} fAH 2
BiFT gl ol YA FA Se] ol RT A4S 9P
24 2 AU OB 29Ye) HFATE RS 43N F
= Aol AEL YEEAY Ao £ADAG A Al A
Lle) BAE YEEAE FAT] YAA717] skl spline U
4 7ie Aesert weld, B 48A9 vz
B AL Azke A% 27170 2 2 sl dlojsoly Axle] 5
Am2} 23} ohh vhEs Bah

Al e gHE BES B Bnad SRFA Zos
Fig. 6-89] LERAIT, A7) B8 Y=8Ee] H8) Folg BA B
Hoz AgARATe) Ao kel 27l BaEel 4ol A9
sgsks 2o 7 24U BRI T SR EA AANE Hhge
= 50% ¥4 B AN dy, A BF A2 d, F NEAY 58
QUERAE 2% Ae} winsiel 4258 Tavle 29} 2T},

5.d B

29T QI AR B BAdRe JEREE 92
7] 915k Qs QA SR 2dg Thrsn. gAbelel »
2 2 A AAUEE B4 299 B ople WY A9 FEl

sietzat MasH M4z 20004 83

Table 2. Comparisons of average particle sizes at steady state

Experimental Numerical
Sample PP 2,3
deolpm} d,[pm] S[em*em’]  dg[pum}  d [pm] Slem®fem’]
HT76 3154 a7 53,620 281 235 56,942
HT715 1.93 21 67,749 2.57 2.74 39,022
HT516  3.07 3.37 24,169 348 3.69 22,810
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15744 ZEAARY HIPSY) 274 YEEFE AR 43
g 2ol Ad oA URke] dude] Fe U= FEEo
Whe 4% pardg AH-aled HIPS AFHHg7o0A 27U=)
o ot BEE AU & itk ANY mde slg2 shie] &
A= RE sht S8 B sHe] FAe) olF 22 thee] YRR
FAATE Folth 2ddse 2T YR FAH R FARARE
Az QA AT olE BEZ H 4EE £ AU ¢ege Bl

Ho) TRY YA AAUBNR THsk) AA AEL ol2y FEF
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A7 S
A(x, t) : probability density of drop
d : average diameter of drop or particle [m]
E : mean turbulence energy [J]
F - feed flow rate [m*/sec]

f(x)  :escape frequency [1/sec]

g(x) :breakage frequency [1/sec]

h(x, y) : collision frequency [1/sec]

L . macroscale of turbulence [m]

N(t) : total number drops in vessel

ny(t) :oumber rate of drops in feed [1/sec]

R, :volume ratio of a daughter drop to a satellite drop

: specific area [em?fem?]

u : component of velocity fluctuation vector [m/sec]
Xy :drop volume [m?*] '
Xg : average drop volume in feed [m?]

J2|0|A 2Kt

B(y. x) : normal distribution of daughter drops

¥ : shear rate [1/sec]

£ : local energy dissipation rate per unit mass [m%/sec’]
£ : average energy dissipation rate per umit mass [m¥/sec?]
o : volume fraction of dispersed phase

mn : Kolmogorov's length scale [m]

Iy

(%, ¥) : coalescence efficiency
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ag)

1 : viscosity of continuous phase [Pa sec]

1, : viscosity of dispersed phase [Pa sec}

v(y) :number of drops after breakage of a parent drop
: kinematic viscosity of continuous phase [m*/sec]

VC

0 : mean residence time [sec]

P, : density of continuous phase [kg/m’]

G : interfacial tension coefficient or standard deviation [N/m]
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