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ABSTRACT

polymerization catalysts may deteriorate other catalyst properties,

especially stereo- and region-selectivity. Therefore, an absolute necessity for
petrochemical polymerization facilities is to find feasible non-chemical routes for
tailoring essential parameters, including molecular weight distribution (MWD) width,
activity and fragmentation mechanism in order to modify existing catalytic systems.
Methods: To this goal, use is made of a recently developed single-particle multipore
model (MPM), which describes the reaction-diffusion processes involved in the
heterogeneous olefin polymerization to investigate the impacts of initial catalyst
porosity, initial catalyst particle size, bulk monomer concentration and pore size
arrangement on the above-mentioned parameters.
Findings: Modeling a supported Ziegler-Natta catalyst system showed that increasing

l l ypothesis: Modifications in chemical formulations of existing commercial

the initial catalyst porosity or initial particle size or decreasing the bulk monomer
concentration decreased the local reaction rate distribution width, resulting in

modeling, narrower MWDs. Although, the polydispersity index generally changed oppositely

catalyst modification, due to its dependence on the location of the MWD in addition to its width. The

model has elucidated and rationalized two unexplained experimental observations,
i.e., increasing initial porosity reduces the catalyst activity in some studies and that
catalytic fragmentation, polydispersity index generally changes irregularly and unpredictably with bulk
monomer concentration. For the physical quantities studied in this work, the reaction
rate is directly related to the MWD width, revealing that a trade-off between MWD
width and yield should be sought for applications that require higher resistance to
melt fracture phenomena, edge waviness and draw resonance. While, the reaction
rate, MWD width and polydispersity index did not show any relationship with
the participation ratio of the two fragmentation mechanisms. Increasing the initial
catalyst porosity or the initial particle radius intensified the more preferred continuous
bisection mechanism, thereby dropping the probability in fouling.

heterogeneous catalyst,

polydispersity index
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Table 1. Experimental parameters reported in literature for

using in the model.

Parameter Value Reference
D, (cm?/s) 3.5x10° 39
R, (mm) 0.28 34
M, (mmol/mm?) 0.635 14
D, (cm?/s) 4.7x10°3 14
Vi (cm¥/ 8 atatyst) 0.42 36
€, 0.49 14
C (mmol/cm?) 1.63* 34
Al (mmol/g . ) 61.6° 34
p, (g/cm’) 2.32 40
p, (g/cm’) 0.91 41

(a) The initial concentration of the catalyst precursor based on 3.28% by

weight of titanium.
(b) The amount of aluminum is based on the ratio reported in the article.
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Table 2. The diameters of eight groups of pores together with

the corresponding relative abundants extracted from ref. 36.

Diameter X

100 | 76 | 52 | 41 | 29 | 21 | 18 | 15
107 (cm)
Relative

97 |1 92 | 83 | 75 | 63 | 37 | 35| 30
abundant
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Fig. 1. (a) PDI as a function of time, (b) fitted normal distribution on data of local average reaction rate for pores and/or primary

particles, (c) squared standard deviation of MWD versus time, and (d) total average reaction rate against time for four systems

with ¢ equals 0.3, 0.49, 0.65 and 0.8.
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Fig. 2. Concentration profiles against the dimensionless radius or against the indices of pores and/or primary particles at t = 600 s

for (a) macroparticle monomer concentration and active site concentrations for active sites of (b) type 1, (c) type 3, and (d) type 6

in Table 2 of ref. 35 and for four systems with g equals 0.3, 0.49, 0.65 and 0.8.
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Fig. 3. Total average reaction rate versus time for two systems
with € equals 0.3 and 0.65 and with average pore diameters

of 27.1 and 59.7 nm, respectively.
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Fig. 4. Schematic of the diffusion path at t equals: (1) t

f+1 2

(2) 50, (3) 100 s, (4) 200 s, (5) 400 s, and (6) 600 s during propylene

polymerizations for systems with ¢ equals (a) 0.3, (b) 0.49 (reprinted with permission from ref. 14, Copright 2021. John Wiley and

Sons), (¢) 0.65, and (d) 0.8. The unfragmented and fragmented zones are depicted by blue and red, respectively.
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Fig. 5. (a) PDI as a function of time, (b) fitted normal distribution on data of local average reaction rate for pores and/or micro-

particles, (c) squared standard deviation of MWD versus time, and (d) total average reaction rate against time for systems with R

equals 14, 20, 28, 36 and 44 pm.
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Fig. 6. Concentration profiles against the dimensionless radius or against the indices of pores and/or primary particles at t = 600 s

for (a) macroparticle monomer concentration and active site concentrations for active sites of (b) type 1, (c) type 3, and (d) type 6

in Table 2 of ref. 35 and for systems with R equals 14, 20, 28, 36 and 44 pm.
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Fig. 7. Monomer and mean active site concentration profiles against the dimensionless particle radius for R equals: (a) 14, (b) 20,

(c) 28, (d) 36, and (e) 44 pm.
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Fig. 8. Schematic of the diffusion path at t equals (1) t

f+1 2

Ll

(2) 508, (3) 100 s, (4) 200 s, (5) 400 s and (6) 600 s during propylene

polymerizations for systems with R  equals (a) 14, (b) 20 (reprinted with permission from ref. 14. Copright 2021 John Wiley and

Sons), (c) 28, (d) 36 and (e) 44 um. The unfragmented and fragmented zones are depicted by blue and red respectively.
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Fig. 9. (a) PDI as a function of time, (b) fitted normal distribution on data of local average reaction rate for pores and/or

microparticles, (c) squared standard deviation of MWD versus time, and (d) total average reaction rate against time for descending,

ascending and random initial arrangement of pore sizes from the surface to the center.
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Fig. 10. Concentration profiles against the dimensionless radius or against the indices of pores and/or primary particles at t = 600
s for (a) macroparticle monomer concentration and active site concentrations for active sites of (b) type 1, (¢) type 3, and (d) type

6 in Table 2 of ref. 35 and for descending, ascending and random initial arrangement of pore sizes from the surface to the center.
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for systems with (a) descending, (b) random (reprinted with permission from ref. 14. Copright 2021 John Wiley and Sons), and (c) ascending
initial arrangement of pore sizes from the surface to the center. The unfragmented and fragmented zones are depicted by blue and red, respectively.
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Fig. 12. (a) PDI as a function of time, (b) fitted normal distribution on data of local average reaction rate for pores and/or

microparticles, (c) squared standard deviation of MWD versus time, and (d) total average reaction rate against time for different

initial bulk monomer concentrations.
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Fig. 13. Concentration profiles against the dimensionless radius or against the indices of pores and/or primary particles at t = 600 s for

(a) macroparticle monomer concentration and active site concentrations for active sites of (b) type 1, (c) type 3, and (d) type 6 in

Table 2 of ref. 35 and for different initial bulk monomer concentrations.
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Fig. 14. Schematic of the diffusion path at t equals (1) t

f+1°

(2) 50s, (3) 100 s, (4) 200 s, (5) 400 s, and (6) 600 s during propylene

polymerizations for systems with M, equals (a) 0.68, (b) 1.36 (reprinted with permission from ref. 14. Copright 2021 John Wiley

and Sons), and (c) 2.72 mmol/cm®. The unfragmented and fragmented zones are depicted by blue and red, respectively.
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