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Abstract
A fundamental understanding of the heterogeneous olefin polymerization process is critical for imparting desired proper-
ties to the final polymer product. In this work, we have developed a comprehensive model integrating the meso-scale level 
intraparticle resistances to mass and heat transfer as well as the micro-scale level kinetics. The model formulation is based on 
the combination of the polymer flow model with the intrinsic kinetic model derived using the method of moments approach. 
The model is employed to study the effect of varying the mass transfer and kinetic parameters on the monomer concentration 
and temperature profiles inside the growing polymer macro-particle and the subsequent implications on the catalyst activity, 
polymer molecular weights and the polydispersity index (PDI). The simulation results showed that the steeper monomer con-
centration gradients in the polymer macro-particle arose on decrease of the bulk diffusivity (Db) and increase of the number 
of active sites. The model also predicted the interdependence between the radial monomer concentration and temperature 
profiles. Further, with appropriate choice of D

b
 , the number of active catalyst sites, initial catalyst active site concentration 

and kinetic rate constants, the model predicted the catalyst activity exceeding 100 kg/g cat.hr and PDI values higher than 2. 
We showed that the model is capable of predicting the experimental reported polymer product properties for Ziegler–Natta, 
hybrid Ziegler–Natta/metallocene and supported metallocene catalyst systems.
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Introduction

The increased demand of polyolefins in packaging and auto-
mobile industries over last 5 decades is attributed to their 
easy recyclability, processability, high resistance to chemi-
cal damage, low density, and low toxicity [1, 2]. With the 
subsequent improvement in the catalyst activities, the reac-
tor technologies have come a long way from the early stage 
high-pressure autoclave or tubular reactors to the present age 
low-pressure fluidized bed, loop and stirred tank reactors 
employing either gas, solution or slurry phase polymerization 

techniques [1, 3, 4]. These low-pressure technologies have 
also facilitated the use of co-monomers such as 1-hexene, 
1-butene, and 1-octene in the polymerization process to pro-
duce polymers with tailor-made properties [1, 5].

A noteworthy progress has been made in the last 6 dec-
ades in the polyolefin production technology using various 
generation of Ziegler–Natta (ZN) and metallocene catalyst 
systems. The ZN catalysts usually consist of titanium-based 
compounds with organo-aluminum compounds as a co-
catalyst. While titanium tetrachloride  (TiCl4) and diethyl 
aluminum chloride constitute the first generation of ZN cata-
lysts, the second generation comprises of  TiCl4 supported 
on magnesium dichloride  (MgCl2) with triethyl aluminum 
chloride (TEAL) as a co-catalyst. The third generation of ZN 
catalyst consists of  TiCl4/MgCl2/TEAL with ethyl benzo-
ate and aromatic esters as internal donors (ID) and external 
donors (ED) to enhance the catalyst activity and stereospeci-
ficity, respectively. Subsequently, the fourth, fifth and sixth 
generations use the combinations of diisobutyl phthalate/
silane, diether/silane and succinate/silane as ID and ED, 
respectively.
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