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ANALYSISON INFL UENCING FACTORS OF PARTICL E SIZEDISTRIBUTION IN
PROPYL ENE POLYMERIZATION LOOP REACTOR BASED ON
PARTICL E POPULATION

LUO Zheng-hong, SU Pe-lin, WANG We , WEN Shao-hua

(Department of Chemical and Biochemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract : In a propylene polymerization loop reactor , polymerization rate, fluid transport , and cost
of post-treatment after polymeric process and polymer properties may be afected by polymer
particle sze distribution, especialy when a co-polymerization technology including olefin
polymerization fluidized-bed reactor is followed. In order to investigate the effects of operation
parameters and kinetics parameters on the polypropylene particle sze distribution in the loop
reactor , a steady-state particle size distribution model was developed, in which the flow typein the
loop reactor , polypropylene particle dynamics and the particle growth were taken synthetically into
account based on the mass balance and solid population balance. The result showed that for uniform
sze catalyst feed, by increasng either initial catalyst sze or the reaction temperature of the main
polymeric reactor , the polypropylene particle size distribution in loop reactors became boarder and
shifted to larger size, in comparison with the reaction temperature, the effect of catalyst particle
size was obvious. The effect of propylene feed rate on polypropylene particle sze distribution was
much smaller. It s aso shown that the ratio of catalyst masses with different sizes in the case of
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multi-size catalyst feed strongly affected not only the average polypropylene particle sze, but also
the particle sze distribution in the loop reactor. Bimodal polypropylene particle sze distribution can
be obtained by using a catalyst feed with a distinct particle size distribution.

Key words: polypropylene; loop reactor; particle size distribution; particle population balance;
model
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Fig.1 Schematic representation of propylene -— A Shrink from D

T Shrink into D
polymer ization in loop reactor o O O
o
A —Catalyst ; B—Propylene; C—Hydrogen; Q

D —Coolant in; E—Coolant out ;

Growth from Growth into
1- 8—Control sites; 9—E201, Heat exchanger ;
10 —E203, Heat exchanger ; 11 —P200, Pump ;12 —P201, Pump; Fine removal Product
13 —7203, Mixer; 14 —R200, Pre-polymerization reactor ;
15 —R201, Main polymerization reactor ; 16 —D202 , Buffer tank 2
Fig.2 Schematic representation of particle size variation
1.3 during propylene polymerization in loop reactor
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Table 1 Process parametersand kinetic parameters used in model calculation
Process parameter pp/ (kg- m-3) P/ (kg- m %)  Mp/ (kg- mol ~ %) V rooo/ M3 V roor/ m® [C"]/ (mol - m®)
Vaue 910 2840 0.042 0.46 56 7.1x10*
Kinetic parameter  kop/ (m®- mol"*. s 1) Egp/ (J- mol 1) koda/ ™% Eod/ (J- mol - 1)
Vaue 4.97 x 10* 5.04 x 104 7.92 x 102 5.04 x 104
2.1 ,
3
3 y 1
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Fig. 3 Effect of catalyst particle diameter on polypropylene
particle size distribution
de/pm: (1) 205 (2) 405 (3) 605 (4) 80
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Fig. 4 Effect of catalyst feed flow rate on polypropylene
particle size distribution
PY%: (1) 20; (2) 405 (3) 60; (4) 80
Where catalyst flow rate Vi, =175X6.6X P%

Fig.5 Hfect of poymerization temperature on

polypropylene particle size distribution
The efect of polymerization temperature on the polypropylene
particle size distribution is via changing k according to Eq.

k= koexp(- Eo/ RT)
T/ K: (1) 336; (2) 343; (3) 350
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Fig.6 Hfect of propylene feed flow rate on polypropylene
particle size distribution
Fi/ (kg- h-1) : (1) 22154; (2) 24616; (3) 27077
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polypropylene particle size distribution me , kg/ mol ;
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my is the massfraction of catalyst with particle size of xdm P.(D) — ,mY;
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