Multiple Active Sites Model for Heterogeneous Catalytic System of Olefin Polymerization: Estimation of Some Kinetic Parameters
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Heterogeneous catalysts for olefin polymerization consist of different active sites, though each active site has its own kinetic parameters. Higher active sites have major role in polymer production. Here, a method is developed to estimate kinetic rate constants for each active site separately.

Introduction

Active center for olefin polymerization in heterogeneous Ziegler-Nata catalyst system is a complex made by interaction between catalyst and cocatalyst. Because the catalyst in heterogeneous system is solid, active centers are established at potential centers on the surface of catalyst through a chemical adsorption. Potential centers can exist on sides, ledges or corners of catalyst surface and can produce active centers, but the activity and stability of each site type maybe differ from other ones. So more active and stable sites have major role in productivity of polymerization. Attempts have been made to describe the mechanism and estimate kinetic rate constants for multiple active sites in polymerization of olefins [1-3].

Polymerization Kinetics

The mechanism for formation of active sites is [image: image1.wmf]*

k

p

C

A

C

f

¾

®

¾

+

 where Cp is potential center, A represents cocatalyst and C* is active center. For high active centers the rate of formation is very fast and active centers are formed instantaneously. The mechanism for polymerization is [1]:
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where Cd is a deactivated site, Dr is dead polymer of chain length r, H2 is hydrogen, M is monomer, I stands for impurity, and Pr is a living polymer chain length of r.

We assume the product of transfer reactions is C*, that is originally formed by activation of catalyst and cocatalyst for simplicity. 

From this mechanism we will have a set of ordinary differential equations (ODEs). For a batch reactor it is:

                                                                            (2)
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Yn and Xn are n-th moments of living and dead polymer chains respectively. This set of ODEs with initial conditions t=0 , C*=C0* has analytical solution, if the concentration of monomer is hold constant by controlling its partial pressure in the reactor. For example analytical solution of Y0 is:
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For highly active catalysts [image: image9.wmf]T
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. Rate of polymerization is the rate of consumption of monomer: 
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where j stands for active site type and NS is the number of active sites. The productivity is:
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We have also for each active site type:
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and finally the number average chain length will be:
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Estimation of kinetic rate constants

From deconvolution of chain length distribution [4] we will have
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where mj is weight fraction of polymer produced by site type j and 
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. (j is the ratio of transfer rate to propagation rate and for polymers follow Flory’s distribution of chain length is inverse of number average chain length rnj.
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For a CSTR at steady state if we measure 1/rnj for several concentration of hydrogen H2 and constant M and A, we can plot 1/rnj vs. H2 and the slope  will be SHj=ktHj/kpjM, and if we calculate SHj for several M we can plot SHj vs. 1/M and the slope will be (j=ktHj/kpj. By following this procedure for A instead of H2 we can estimate (j=ktAj/kpj. Also, if we plot 1/rnj vs, 1/M for constant A and H2, the intercept is (j=ktMj/kpj and slpoe is
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so that, we can estimate (j=kt(j/kpj from intercept of SMj vs. A at H2=0.

Thus we have:
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We can estimate deactivation rate constants from a batch reactor system [2]: the productivity of each site at t=tf is:
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where 

        Dj=KPjC0*/KDj,                                                   (14)
 Wp is the whole productivity and tf is total time of polymerization. This equation can be solved to give:
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Thus the cumulative productivity can be describe as 
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A non-linear regression method based on Levenbeg-Marquardt algorithm for non-linear least square analysis can be employed to find the best values for Dj’s, and then KDj can be calculated from equation (15). From the equation (3) we can calculate kdj and kdIj for several impurities I from the intercept and slope of KDj vs. I respectively.

Also from equations (8) and (3) we will have:
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and we can use the same algorithm for non-linear least square to fit this equation and find the best values for kpj’s, where (j, (j, (j, (j, KDj, M, A and H2 are known.

Finally we can calculate the transfer rate constants using kpj and equation (12), and also we can estimate initial concentration of active centers using eq (14). For initiation reaction we can assume kij=kpj, because the catalyst is highly active.

Conclusion

Multiple active sites model has been used for kinetic modeling of olefin polymerization. Each active site has its own kinetic parameters that maybe differ from the others. A method is developed to estimate kinetic parameters such as kinetic rate constants and initial concentration of active centers for each site type of highly active catalyst separately.
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