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Introduction

Various kinds of olefin polymers are manufactured commercially by using heterogeneous Ziegler-Natta type catalysts in liquid slurry or gas phase polymerization reactors. Quite often, it is desirable to control the average size or size distribution of polymer particles because they may affect the polymerization rate and the mixing of additives in the finishing stage. In addition, costly pelletization stage may be omitted if the particle size distribution can be controlled according to production specifications.

This article deals with the development of a particle size distribution model for a continuous slurry polymerization process using a heterogeneous Ziegler-Natta catalyst. The particle size distribution model incorporates the multigrain model (MGM) to describe the growth of polymer particle from the original catalyst particle. We also adopt the concept of multiple active sites to elucidate the broad molecular weight distribution (MWD). The major concern here is the effects of the uniform size or the size-distributed feed catalyst on the yield and the polymer particle size distribution in the reactor.

Particle size distribution for a continuous olefin polymerization reactor

Let us consider a perfectly backmixed, continuous flow, stirred slurry ethylene polymerization reactor operating at steady state. A small amount of preactivated highly active catalyst is supplied to the reactor with the injection rate of F0. The particle mixing can be accomplished by a mechanical stirrer. The reactor volume or the total weight of polymer in the reactor (W) is kept constant by regulating the polymer withdrawal rate F1. Ethylene (M) and hydrogen are fed to the reactor at a constant flow rate. The reactor is operated under isothermal condition. The reactions to be considered in the polymerization reaction modeling are shown in Table 1. In this kinetic scheme, it is assumed that hydrogen chain transfer is the main chain transfer reaction that affects the polymer molecular weight. Thus, neither chain transfer to monomer nor spontaneous chain transfer reactions are taken into account. 

In the following model, uniform sized or log-normally distributed feed catalyst particles are considered. In deriving the steady-state population balance model for a continuous slurry reactor, the modeling approach proposed by Kunii and Levenspiel (1991) may be successfully applied to our study. Consider the class of operation where solid particles grow larger and increase in mass because of polymerization. The following is the rate expression used to describe the change in particle size. For particle growth by polymerization,
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Table 1 Elementary chemical reactions occurring in olefin polymerization
	DESCRIPTION
	               REACTION

	Activation 
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	Propagation of chain with M
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	Chain Transfer 

to Hydrogen (H2)
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where Rc, R, , c, p, and Rp are the radius of initial catalyst particle, the radius of polymer particle, the voidage of the particle, the catalyst density, the density of the polymer, and the overall rate of polymerization in a macroparticle (polymer particle), respectively. And Rp is given by
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where the numbers in the parentheses denote the type of catalyst active sites and Mcrys is the monomer concentration at the catalytic surface obtained by solving the steady-state mass balance equations for the microparticle and is given as follows (Ha et al., 2001):
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Whatever the form of Gr(R), it is used in the material balance expressions to find the flow rates and size distribution of streams leaving the reactor. 

General performance equations for particle size distribution (PSD) in a continuous slurry reactor
Here the general material balance equation and the procedure to calculate the PSD are presented (Levenspiel et al., 1968/69).

Steady-state operations and backmix flow in the reactor (hence pb(R)= p1(R)) are assumed. F0, F1, W, p0(R), p1(R), pb(R) and Gr(R) denote an entering stream of catalyst feed (kg/s), an outflow stream (kg/s), the total weight of polymer particles in the reactor (kg), the feed size distribution (1/m), exit stream size distribution (1/m), the bed size distribution (1/m) and the particle growth rate (m/s), respectively. Then a mass balance on particles of size between R and R+dR gives
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To write the governing differential equation in discrete form, let us consider a size interval Ri with mean size Ri. Rearranging eq. (4) in discrete form and noting that Gr(Ri) is positive we obtain
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where 
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 and (Ri) is elutriation constant at the particle radius of Ri. 
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According to Overturf and Kayihan (1979), taking the discrete analog (size slices) of eq. (4) may lead to very large errors unless many size slices are taken, in some cases as many as 3000. The numerical procedure recommended by Overturf and Kayihan (1979) is followed. We adopt the method to determine the size distributions for a continuous slurry olefin polymerization reactor. It is to be noted that  is set equal to zero because there is no entrainment (RW p1(R)) involved. 

Firstly, choose reasonable size interval Ri, either all equal or based on the screen sizes being used. Then find the mean radius in each interval: R1, R2, R3, …, Ri, …, Rn, where Rn is the interval containing the largest size of solid. Guess F1. Evaluate the composition of the unknown flow stream from eq. (5). Start with size interval R1 and work upward to R2, R3, …, continuing until the F(Ri) value or W(Ri) value drops to zero. See if eq (6) is satisfied. If so, stop and take the results as F1 and the size distribution (p1). If not, go back with a new guess for F1.

Result and Discussion

As one can see from Fig. 1 (a) the PSD is broadened and the mean radius increases as initial catalyst size increases, which is more explicitly shown in Fig. 2 (a). Fig. 2(a) also indicates that the size of feed catalyst has a nearly linear relationship with the average polymer particle size and its variance. 

Since the rate [eq. (1)] varies with the size of feed catalyst, we could not use eq. (5) directly by substituting lognormal distribution for p0. Before we proceed to a lognormal feed catalyst, we have to determine the PSDs in advance with feed catalysts of various uniform sizes because the overall PSD of polymer particles is available by integrating the PSD (pb(R,Rc,i)) multiplied by its uniform feed catalyst fraction p0(Rc,i). After calculating various PSDs with uniform size catalyst feed, the entire PSD was obtained [Fig. 1(b)] and it is shown that the lognormal feed catalyst results in a broader PSD than the uniform feed catalyst does. In industry, however, a narrow PSD is preferred to eliminate the pelletizing process. Therefore, it is required to use well-prepared feed catalyst.

Conclusions

In this article, we presented a particle size distribution model for a steady-state liquid slurry olefin polymerization reactor. The MGM is incorporated into the PSD model to predict the polymer particle size and polymer property. The average particle size and yield were successfully predicted according to uniform size feed catalyst. Especially, the PSD with 
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Fig. 1. Polymer particle size distribution with uniform size feed catalyst (a) and with lognormal feed catalyst (b).
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Fig. 2. Average and variance of radius of polymer particles (a) and yield (b) versus the radius of uniform size feed catalysts.

lognormal feed catalyst can be obtained by using the PSDs with uniform sized feed catalysts and the size distribution of catalyst feed.
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