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Abstract 

This paper proposed a mathematical model corresponding to metallocene catalyzed 

propylene polymerization that uses the Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2. 

Comprehensive kinetic models consisting of mass and population balance equations, are 

developed based on elementary reactions proposed in the reaction mechanism. The result 

from the above indicates that metallocene catalysts in the presence of ethylene zirconium 

dichloride and methylene zirconium dichloride shows modularity and new peaks are 

obtained. The temperature variation from 25 to 75 also increase the rate and reason for 

the same could be chain shuttling polymerization. The model is presented through 

simulative study. Initially genetic approach is used but convergence rate is poor. To 

achieve best possible result, particle swarm optimization is used. The optimization 

approach with particle swarm optimization is implemented. The local and global solutions 

are comparable entities and replace each other in case value of local variable is not 

optimized. From the simulative study it is discovered that Et [Ind]2ZrCL2 produce best 

possible polymers both at 25 and 750C.  
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1. Introduction 

The utilization of polypropylene with the propylene generally is inexpensive and critical 

research that leads to the stereo block polymerization. [1]This is generally a part of cross-

linking networks that may retain elastomeric properties. [2]These properties include more 

stability and toughness. Because of these properties, it is commonly used as the additives 

for buildings, highways etc. Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 as a metallocene 

catalyst in presence of similar conditions shows similar results but in the dissimilar 

conditions new peaks have been attained. [3]They fall into asymmetric homogeneous 

catalyst. [4]The microstructure of polypropylene generally depends upon the structure of 

catalyst symmetry along with the secondary catalyst involved.  

 

In the proposed work, binary catalyst system is used different proportion of 

stereoselectivity. To achieve the optimal transfer of contents between two metals, chain 

shuttling polymerization is employed. This mechanism is useful in attaining the black 
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polyolefin. The same procedure is implemented in the proposed work to check the 

feasibility study.  

 

[5]This study is based upon the optimization strategies that could be used especially 

within simulative study. [6]The optimization strategy initially employed within the 

proposed work is genetic algorithm. [7]The temperature and rate constants are varied 

corresponding to each iteration. The convergence rate however is poor. To avoid the 

situation, particle swarm optimization is used.  

 

The smaller molecules within the catalyst will serve as particles. The particles will be 

selected randomly. [8], [9]Afterword’s local and global solutions obtained will be stored 

within the variables. [10]The optimization result obtained will be retained.[11] The global 

solution in the first iteration will serve as local solution in the next iteration. Mutation and 

crossover will be the next phase. The mutation will be used to generate the next offspring 

and best possible selection will be obtained through the crossover phase.  

 

2. Materials and Methods Employed  

 Used Material 

The manipulation within the proposed work is carried out in the argon atmosphere.[12] 

Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 was synthesized through the variation of 

temperature from 25 to 75 0C. [13]The MAO in toluene is provided by the labs in 

Bathinda. The polymerization was purified by applying distinct temperatures and filtering 

mechanism. Nitrogen based atmosphere is used for refluxing toluene. 

 

 Polymerization 

This is the process in which large number of monomer molecules react together to 

form a polymer. The produced structure after polymerization in the proposed work is 

branched. [14]This means no linear structure is produced in this case. Free radical reactions 

are one of the most common ways of producing polymers. This mechanism in the presence 

of Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 is used to produced branch polymers. [15]The 

temperature is varied to evaporate solvent to obtain a polymer at fast rate. New peaks with 

the presence of Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 is obtained. Table 1 indicates the 

result after applying proposed process  

Table 1: Propylene polymerization through Me2Si[Ind]2ZrCL2 and Et[Ind]2ZrCL2 

T O C 25 75 

kin ×103         (M-1.s-1) 7.870525 15.74105 

k  × 10-4    (M-1.s-1) 

P 

4.172725 8.34545 

kd × 104           (s-1) 3.029002 6.058004 

K tM                  (M-1.s-1) 4.003503 8.007006 

K b×106           (s-1) 

,H 

2.525051 5.050102 

K ×10-2                 (M-1.s-1) 

rb 

3.631215 7.26243 
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ks ×107           (M-1.s-1) 3.434840 6.86968 

k ×104             (M-1.s-1) 

 

sp 

1.712346 3.424692 

K sM                    (M-1.s-1) 7.908342 15.816684 

K t , Al     (M-1.s-1) 5.838210 11.67642 

K rAl              (M-1.s-1) 1.155187 2.310374 

F(k )            ( -) 1000 - 

The polymerization condition includes setting up the time from 0 to 30 minutes. 

Temperature variation from 25 to 750C. 

 

3. Result and performance analysis 

The experiment of propylene polymerization is conducted in the presence of 

Me2Si[Ind]2ZrCL2 and Et[Ind]2ZrCL2. The experiment can be used to design the optimal 

binary catalyst system. [16]The result is based on kinetic model. The performance of the 

catalyst is shown within table 1. [17]The chain mutation is used to achieve the new peaks. 

The used Methodology for optimization is given in figure 1 

 
Figure 1 Proposed Methodology for obtaining the solid polymer using Me2Si 

[Ind]2ZrCL2 and Et [Ind]2ZrCL2 

YMER || ISSN : 0044-0477

VOLUME 20 : ISSUE 12 (Dec) - 2021

http://ymerdigital.com

Page No:564



 

 

The population selection is the initial phase in the attainment of polymer using the 

propylene polymerization in the presence of Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2.  

The monomer molecules are randomly deployed and selected in the initial phase. After the 

selection of monomers, fixed set of iterations are set. The global and local solution is 

obtained. The global solution is retained, and mutation phase is applied. The mutation 

phase is used to generate offspring by combining monomer polymers. The crossover phase 

will decide the monomer selection for generating the polymer. In case global solution is 

better as compared to the local solution, then global solution will be replaced with the local 

solution. The applied procedure generates new peak when analyzed under similar 

conditions. The iterative approach followed will converge only if the result is below the 

threshold levels. The mechanism follows the threshold levels of 0.2. in case obtained 

global values of 0.2, the process converges. The polymerization obtain gives the better 

result and higher peaks as compared to mechanism without the use of Me2Si [Ind]2ZrCL2 

and Et[Ind]2ZrCL2.The result for polymerization with Me2Si[Ind]2ZrCL2 and 

Et[Ind]2ZrCL2 is given in figure 2 

 

 
 

Figure 2 Result of Polymerization with Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 using 

50 iterations and reaction time of 30 minutes 

 

‘x’ indicates the 75oC/ 2000(Me2Si [Ind]2ZrCL2) 

‘o’ indicates the 75oC/ 500(Et [Ind]2ZrCL2) 

‘#’ indicates the 25oC/ 2000(Me2Si [Ind]2ZrCL2) 

‘△’ indicates the 25oC/ 500(Et [Ind]2ZrCL2) 

 

The obtained result shows Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 deviation but 

positively towards the new peak. This also indicates that polymers will be obtained with 

high accuracy. The iteration in the first case is limited but in the second case, 

polymerization is conducted with 100 iterations. 

YMER || ISSN : 0044-0477

VOLUME 20 : ISSUE 12 (Dec) - 2021

http://ymerdigital.com

Page No:565



 

 

 

Figure 3 Polymerization with Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 at 25 and 750C 

with 100 iterations 

 

‘x’ indicates the 75oC/ 2000(Me2Si [Ind]2ZrCL2) 

‘o’ indicates the 75oC/ 500(Et [Ind]2ZrCL2) 

‘#’ indicates the 25oC/ 2000(Me2Si [Ind]2ZrCL2) 

‘△’ indicates the 25oC/ 500(Et [Ind]2ZrCL2) 

At 250C, the downfall of polymerization with Me2Si [Ind]2ZrCL2 takes place. This 

indicates that result is not in an optimal zone and generated polymers may not be tough. 

To resolve the issue, iterations are increased, and time interval is kept at the constant values 

of 30 minutes. Both the results for Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 are 

comparable but at 50 iterations result is much better as compared to 100 iterations.  

To validate the result, number of iterations are again varied from 100 to 150. The issue of 

deviation again appears for Me2Si [Ind]2ZrCL2. The variation indicates generated 

polymers may not be stable. The most effective result thus is obtained for the iterations 

50. The mutation is set to 0.3 in this case and more solid polymers are obtained. Overall, 

the result at 150 iterations, result obtained is given within figure 3. The temperature at 

which showing maximum deviation of propylene polymerization with Me2Si 

[Ind]2ZrCL2 and Et [Ind]2ZrCL2 is 25.  

 
Figure 4 Propylene polymerization with Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 at 25 and 

750C 
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‘x’ indicates the 75oC/ 2000(Me2Si [Ind]2ZrCL2) 

‘o’ indicates the 75oC/ 500(Et [Ind]2ZrCL2) 

‘#’ indicates the 25oC/ 2000(Me2Si [Ind]2ZrCL2) 

‘△’ indicates the 25oC/ 500(Et [Ind]2ZrCL2) 

 

4. Conclusion 

The metallocene catalyst with Me2Si [Ind]2ZrCL2 and Et [Ind]2ZrCL2 are evaluated 

by varying the temperature from 250C to 750C. The temperature range varied to determine 

the rate of generation of polymers. It was discovered that at 750C best possible result is 

obtained with Et [Ind]2ZrCL2. The Me2Si [Ind]2ZrCL2 shows inconsistencies at 250C. 

The iterations are varied from 50 to 150 and it was discovered that curve is downgraded 

indicating weak formation of polymer with Me2Si [Ind]2ZrCL2. The result can be 

improved by increasing the concentration of Me2Si [Ind]2ZrCL2 propylene. To conclude, 

it is discovered that Et [Ind]2ZrCL2 generates more stable polymer as compared to Me2Si 

[Ind]2ZrCL2.  
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