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STEAD Y- STATE MODELING OF COMMERCIAL LIQUID PHASE BULK
PROPYLENE POLYMERIZATION
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(Department of Chemical and Biochemical Engineering, College of Chemistry and Chemicdl Engineering, Xiamen University, Xiamen 361005 China)

Abstract: The HYPOL technology of polypropylene was simulated by Polymers Plus. First, a
flowsheet which incorporates the actual technology into Polymers Plus was obtained. In addition,
based on the perturbed-chain statistical associating fluid theory (PG-SAFT) and the propylene
polymerization mechanism catalyzed by Ziegler Natta catalyst, the propylene polymerization kinetics
was obtained. Simultaneously, the polymerization kinetic parameters were obtained through the
industrial dada provided via literature. Accordingly, the whole process model of the HYPOL
technology was developed. T he comparison between the simulated and plant data showed that they
were in good agreement with each other. The model was also used to investigate the effects of the
main operation parameters on the propylene polymerization under steady-state condition. The
results indicated that the polymer melt index ( MI) increased and the number average relative
molecular mass( M.) of the polymer and its polydispersity index ( PDI) both decreased with the
increase of the H2 flow rate. T he polymer yield increased with the increase of the feed flow rate of
catalyst and propylene.
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Table 1 Flementary reactions for propylene polymerization

Reaction type Elementary reaction

Site activation C, c*
Chain initiation C e M ki P,

. ky
Propagation P+ M —/P,

Chain transfer to Hy P+ H, k“‘Hi[w +D,

~ . k
Chain transfer to monomer P.+ M ﬂ)P1+ D,

kq

Site deactivation C* —D,

Cp,—Latent active centre; k,—Rate constant of site activation,
s=1; C* —Active centre; M —Monomer; k;—Rate constant of chain
initiation, 1/ (mol-s); P;—Active polymer chain with chain length 1;
P, —Active polymer chain with chain length r; k, —Rate constant of
propagation, 1l/(mol+s); P, —Active polymer chain with chain
length r+ 1; kun —Rateconstant of chain transfer to Hy, I/ (mol-s);
D,—Dead polymer with chain length r; Ay, —Rate constant of chain
transfer to monomer, 1/(mol-s); kq—Rate constant of site

deactivation, s~ !; Cq —Deactive centre.

CS-1
CS-1
GPC (i CS1
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PP tel , kJ/mol; R , 8.314 J/(mol* K);
R T , K D201 D202 D203
CS-1 343 338 348 K
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2 5 Ziegler- Natta
Table 2 Polymerization kinetic paremeters on five-site Ziegler Natta catalyst
Reaction type Rate constant Site No. A E./(kJ-mol-1) Order
Site activation ks 1 9.22x 10-6 32.09 1.0
Site activation ks 3 9.22%x 10-6 32.09 1.0
Chain initiation ki 1 22. 86 30.24 1.0
Chain initiation ki 5 98.70 30. 24 1.0
Propagation ky 1 22.86 30. 24 1.0
Propagation ky 5 98.70 30.24 1.0
Chain transfer to monomer K im 1 0.09 274.76 1.0
Chain transfer to monomer kim 5 0. 05 274.76 1.0
Chain transfer to H, kwn 1 3.00 44.94 0.5
Chain transfer to H, kwn 5 1.61 44.94 0.5
Site deactivation ka 1 3.40x 10-4 4.20 1.0
Site deactivation ka 5 3.40% 10-4 4.20 1.0
3
Table 3 Comparison of polypropylene qualities obtained from model and plant
PP grade Data sour ce M o MU (g- min” )
D201 D202 D203 D201 D202 D203 D201 D202 D203
. Plant data 11100. 0 13900.0  10600. 0 3.54 3.61 3.13 32.00 33.00 34.00
5900 Simulated data 10957. 8 12393.9 10395. 6 3.37 3.64 3.99 38.34 20.79 34.63
Plant data 14763.0  22200.0 12846.0 4.58 6. 66 5. 60 7.30 6. 10 4.00
10l Simulated data 13717. 6 16258.2 12611.2 3.39 3.93 4.57 15.94 6.25 12. 41
6.2 (gm1) H- (x, )
, H- (PDI) 3 4
PP s H»> ,
S-900 s
3 H: (gm) (M1 ; H: , H:
(M) 4 H- , D203
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