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Introduction

One of the most important routes for production of poly-
olefins (i.e., polyethylene, polypropylene and their copoly-
mer with α-olefins) is accomplished by heterogeneous cat-
alysts. In these processes, the reaction begins when small 
catalyst particles (20–100 µm in diameter) are injected into 
the reactor. The continuous phase of the reactor contains 
monomer(s) either in the form of gas or liquid which must 
diffuse through both the boundary layer around each cata-
lyst particle and its pores to reach the active sites, where 
the polymerization takes place. The produced polymer 
deposits on the pores and the catalyst surface, then the 
monomer(s) must also diffuse through this polymer layer 
to reach the active sites. As the reaction proceeds, the cata-
lyst particles grow to form a pseudo-homogeneous poly-
mer particle with about 500–2500 µm in diameter. Typical 
heterogeneous catalysts currently used in polyolefin indus-
try are single site silica-supported metallocene catalysts 
and multiple site MgCl2/silica-supported Zeigler–Natta 
(ZN) catalysts.

A significant number of articles have been published 
to model the growth of catalyst particles in heterogene-
ous polymerization [1–3]. The two popular models most 
widely used in single particle modeling are the poly-
meric flow model (PFM) [4–6] and the multigrain model 
(MGM) [7–9]. Both models are considered to have rea-
sonable approximations of the actual physical and chemi-
cal phenomena taking place in a polymer particle and can 
estimate the overall particle polymerization rate, particle 
temperature and molecular properties of the produced 
polymer. The PFM assumes that growing polymer chain 
and catalyst fragments form a continuum and the mass 
transfer in particle follows a Fickian diffusion mecha-
nism through the pseudo-homogeneous polymer phase. 

Abstract A one-dimensional polymeric flow model is 
used to study the effect of particle fragment size and size 
distribution on molecular weight distribution and particu-
larly on reaction yield in heterogeneous olefin polymeri-
zation. The broadness of molecular weight distribution is 
explained by a multi-active site assumption, while the high 
rate of reaction for active catalysts due to diffusion limita-
tions in the particle is questionable. In this study, the mod-
eling is shifted from particle to fragment level. The frag-
ments are assumed to be spherical and homogeneous with 
regular physical properties, separated from each other by 
interconnected cracks. There is only monomer diffusion 
taking place inside the particle, while in comparison the 
diffusion inside the cracks is much higher. Diffusion coef-
ficient is assumed to be similar in all cracks. The poly-
mer particle is taken to be made up of seven different size 
fragments from 0.5 to 3.5 µm, distributed in five different 
patterns. The results show that by introducing the frag-
ments and fragment size distribution in the particle model 
higher yields of polymerization can be achieved. In other 
words, the fragments and cracks inside the particle can 
make strong impact on the reaction yield while the results 
show that the broadness of molecular weight and conse-
quently a higher PDI can be justified by the multiple sites 
assumption.
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