
Vol.:(0123456789)1 3

Iranian Polymer Journal (2020) 29:811–825 
https://doi.org/10.1007/s13726-020-00840-6

ORIGINAL RESEARCH

Modeling and simulation of an industrial slurry phase ethylene 
polymerization reactor: effect of reactor operating variables

Amit K. Thakur1 · Santosh K. Gupta1 · Pranava Chaudhari1 

Received: 31 December 2019 / Accepted: 13 June 2020 / Published online: 19 June 2020 
© Iran Polymer and Petrochemical Institute 2020

Abstract
A hierarchical and computationally efficient mathematical model was developed to explain the polymerization of high-density 
polyethylene (HDPE) in an isothermal, industrial, continuous stirred tank slurry reactor (CSTR). A modified polymeric 
multi-grain model (PMGM) was used. Steady-state macroscopic mass balance equations were derived for all species (namely, 
monomer, solvent, catalyst and polymer) to obtain the final particle size and the required monomer and solvent input rates 
for a given catalyst input and the reactor residence time. The interphase mass transfer coefficients were calculated for the 
industrial CSTR using the operating data on the reactor. The present model was tuned with some data on an isothermal 
industrial reactor and the simulation results were compared with data on another set of industrial reactor. The comparison 
revealed that the present tuned model is capable of predicting the productivity and the polymer yield at various catalyst feed 
rates and the mean residence times. The effects of variation of two operating variables (catalyst feed rate and mean residence 
time) on the productivity, the polymer yield, the polydispersity index (PDI) and the operational safety were analyzed. The 
present study indicated that an optimal value of the reactor residence time (for maximum productivity per catalyst particle) 
exists at any catalyst feed rate.
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List of symbols
agl  Interfacial area of gas/liquid interface  (m2/m3)
als  Interfacial area of liquid/solid interface  (m2/m3)
C*  Concentration of catalyst active site (kmol site/

m3 of catalyst)
da  Diameter of the impeller (m)
db  Average diameter of gas bubbles (m)
D1  Diffusivity of monomer in pure polymer  (m2/s)
Dcat  Diameter of original catalyst particle (m)
Def  Effective diffusivity of monomer inside the 

macroparticle  (m2/s)
Def,i  Effective diffusivity of monomer inside the 

macroparticle at the ith grid point  (m2/s)

DL  Diffusivity of monomer in the bulk liquid  (m2/s)
Dmp  Diameter of macroparticle (m)
Dn  Concentration of dead polymer chains of n 

monomeric units (kmol/m3 catalyst)
D

plant
mp   Diameter of macroparticle from industrial reactor 

data (m)
Dref

mp
  Reference value of the diameter of macroparticle 

(m)
DR  Diameter of the reactor (m)
F  Volumetric fraction of solids in the slurry  (m3 of 

solid/m3 of slurry)
fc  Mass fraction of catalyst present in the solid (kg 

cat/kg solid)
H2  Hydrogen concentration (kmol/m3)
Het-hex  Henry’s law constant of ethylene in n-hexane 

(Pa m3/kmol)
HH2-hex

  Henry’s law constant of hydrogen in n-hexane 
(Pa m3/kmol)

IC,in  Rate of catalyst input (kg/s)
IM,in  Rate of monomer input (kg/s)
Iref
M,in

  Reference value of the rate of monomer input 
from industrial reactor data (kg/s)
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