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MODELING OF LOOP REACTOR FOR POLYPROPYLENE SPHERIPOL TECHNOLOGY
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Abstract: Both the continuous stirred tank reactor model and the combined tubular loop reactor
model were set up to simulate the steady-state performance of the industrial tubular loop reactor of
Spheripol technology of propylene polymerization based on the Aspen Polymers Plus software. A
comprehensive catalyzed polymerization kinetic model was verified by using plant data, and was
employed to analyze the operational performance of the two models. It was observed that in high
recycle ratio for propylene polymerization, the tubular loop reactor could be simulated, to a certain
error degree, by a continuous stirred reactor. In addition, the effects of recycle ratio on the
performance of the loop reactor could also be obtained via the combined model. The simulated
results showed that the low recycle ratio made the temperature change along the tubular loop
reactor in a large range under the constant coolant outlet temperature, while the high recycle ratio
made the reaction temperature uniform in the tubular loop reactor, but the capacity of heat
evacuation reduced. On the other hand, with the increase of recycle ratio, the concentration
gradients of reaction components were lowered, and the polypropylene production was enlarged,
approaching to the performance of the continuous stirred reactor.
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1
Table 1 Kinetic model parameters of propylene polymerization
Reaction Reactant Pre exponential factor E./(kJs mol-1) Order o/ C
ACT- SPON CAT - 4.61x 10- 3 32.09 1.0 69
CHAININI C3Hg - 138. 18 30.24 1.0 69
PROPAGATION C3Hg C3Hg 138. 18 30. 24 1.0 69
CHAT-MON C3Hg C3Hs 0.16 274.76 1.0 69
CHAT-H, C3;He H» 5.73 44.94 0.5 69
DEACT-SPON CAT - 1.0x 10~ * 4.20 1.0 69

ACT-SPON, CHAIN INI, PROPAGATION, CHAT-MON, DEACT-SPON are the specific elementary reactions in Polymers Plus software.
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Fig.1 The flowsheet for combined tubular loop reactor model in Polymers Plus for propylene polymerization
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Table 2 The plant and predicted data of slurry density(P) and coolant outlet temperature(7,) in loop reactor

for propylene polymerization

@ (kg-m?) Oou/ C
Reactor Error of @ % Error of 04,/ %
Plant data Prediction Plant data Prediction
R200 - 522.40 - 17.9 17.50 -2.23
R201 561.7 539.53 -3.95 60.3 60. 29 0.02
R202 579.6 585. 04 0.94 65.1 65. 40 0. 46
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Fig. 2 Effect of recycle ratio(R) for propylene polymerization on the temperature(0) distribution in loop reactor
(a) Operation at low R; (b) Operation at high R
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