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1. Hybrid Process
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1. Axial Dispersion Model
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3. Aspen Dynamics

4. Stirred-Bed

5. Methylaluminoxane (MAO)
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1. Long Chain Branch
2. TEAL: Triethylaluminium
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1. Perturbed-Chain Statistical Association Fluid Theory
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act-H, ) catalyst H, Y/$E--Y #If \ #4
act-H, Y catalyst H, Y/SE--Y 1% ) #4
act-H, ¥ catalyst H, Y/SE--Y ¢ \ #4
act-H, f catalyst H, Y/SE--Y 1% \ #4
act- H, 5 catalyst H, \/AE--Y [53 \ 59
act-mon \ catalyst CH, \/++E-+§ VIsf \ £9q
act-mon Y catalyst C,H, \/-+B-.5 i3 \ cq
act-mon ¥ catalyst C,H, \/++E-+§ V/s € \ ¢q
act-mon ¥ catalyst CH, \/++E-+§ VIsE \ &q
act-mon D catalyst CH, \/++E=+§ VIsE \ &q
chain-ini ) CH, VIYOVYS E+-Y b/oY ) #4
chain-ini Y C.H, V/SAFYOYE+- Y oI6Y \ £
chain-ini ¥ CH Y/« - OE++\ I ) #4
chain-ini f C,H, Y/O)FE++ | IS ) 74
chain-ini 0 CH, T VOE+ ) /oY ) #4
propagation ) CH, CH, VIYOYYO B+ Y oY \ #4
propagation Y CH, CH, YISAFYOVE+- Y oIy \ #4
propagation ¥ CH, CH, Y/« - OE++ I ) #4
propagation f CH CH, Y/OVEE+- I ) #4
propagation 0 CH CH, T VOB ) IN ) 4
chat-mon ) CH, C:H, V/OE-+) FOIEY ) #4
chat-mon Y CH CH, FIVE--Y FOIEY | #4
chat-mon ¥ CH, CH, YNE--Y FO/EY ) #4
chat-mon \ CH, C:H, VIYE--Y FOIFY ) 4
chat-mon ) CH, C:H, FIVE--Y FOIFY ) 2
act-H, ) CH, H, YIOE- « Vely <10 #4
act-H, Y CH, H, #INE- - Vely -16 #4
act-H, ¥ C.H, H, YVE-+) Vely - 16 #4
act-H, f CH, H, Y/YE- - AN 10 £
chat-H, 0 CH, H, FIVE« - AR <10 9
deact-spon ) YX-E-+0 | | #4
deact-spon Y Y¥-E-+0 ) | #4
deact-spon Y Y/ E-+0 \ \ &q
deact-spon ¥ Y/¥E-+0 \ \ ¢q
deact-spon o Y/¥-E-+0 \ \ &q
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Introduction

In general, the production process of polypropylene
consists of four stages: purification of raw materials,
polymerization process, purification of products and
granule production. The purification of raw materials
includes the removal of all kinds of interfering
substances in the process, such as water, methanol,
carbon dioxide, oxygen, carbon monoxide, or other
catalyst poisons. After the polymerization process,
the purification process of the products includes the
removal of the remaining catalysts and unreacted
monomers or the used solvent. The powder produced
in the polymerization stage is taken to the extrusion
part for making granules and adding additives. In this
study, we worked on Polypropylene production with
Spheripol technology.

Sufficient knowledge of the Spheripol reactor and the
availability of its simulation will be of great help to the
operators. The existence of simulation files can help
users in making decisions such as changing the grade
of the product or changing the process parameters and
provide them with a perspective of the effects of each
decision on the entire process. In addition, it is possible
to know the influencing factors on the process, such
as hydrogen concentration, monomers concentration,
catalyst poisons, and optimal process conditions.
The homopolymer production reactor in Spheripol
technology is of loop type that operates in the liquid
phase, so that the catalyst particles, the produced
polymer and other materials in the feed are rotating
inside the reactor in the form of a slurry mixture in
liquid propylene.

Accepted: September/05/2023

In the present study, the simulation was done by
considering the ideal stirred reactor for the inlet, outlet
and pump and the ideal plug flow reactor for the other
parts, along with the use of the concept of " required
length for fully developed flow". The simulation
results have been validated by comparing with the
data of the production plant. It is good to mention
that the prepolymerization reaction is happened in
small reactors and the main polymerization reaction
is occurred in larger reactor. We investigated both
smaller and the larger reactor in this study.

Materials and Methods
Hydrodynamic

The geometry of the loop reactor and the pump
used in it help in better mixing of materials, heat
transfer and mass transfer. Also, it is difficult to know
hydrodynamics accurately. Due to the geometry of the
reactor and the entry and exit of different flows into the
reactor, the use of ideal stirred reactors alone causes a
large error in the results because the existing reactor
is very different from each of the ideal reactors. On
the other hand, the high speed of the fluid rotation
inside the reactor brings the flow regime closer to
the turbulent flow, for this reason, the use of an ideal
tubular reactor to simulate some parts of the reactor
can bring the simulation closer to reality. For this
purpose, the feed inlet, product outlet, and pump in the
reactor are considered as an ideal stirred reactors and
the rest of the reactor as an ideal plug flow reactor. We
used fully developed flow to calculate the volume of



ideal stirred reactor.

Thermodynamic

The thermodynamics of the reaction environment
is very important to predict phase behavior and the
residence time of each phase inside the reactor. In the
reaction environment, propylene is liquid, catalyst
and polymer powder are solid. Due to the relatively
high pressure of the reactors, the thermodynamic
model must be chosen carefully. We have used PC-
SAFT (Perturbed-Chain Statistical Association Fluid
Theory) equation of state to predict thermodynamic
properties. In the SAFT equation, the molecules are
analyzed separately, while in the PC-SAFT equation,
the molecules are considered as connected chains and
the equations for these chains have been developed.
This change makes the use of PC-SAFT equation
suitable for polymer systems.

Reaction Kinetic

In order to achieve the closest simulation, it is
necessary to have kinetic constants for polymerization
reactions. In this regard, the kinetic constants used by
[1-3] have been investigated.

Methanol Effect

Different substances such as water, methanol, carbon
monoxide and sulfur compounds are the most
important catalyst poisons of Ziegler—Natta. The
presence of only 50 ppm of methanol in the input
feed to the reactors causes a 10% decrease in catalyst
efficiency. In this study, we tried to develop a kinetic
equation for the effect of methanol on production
rate. We also investigated the effect of this poison on
product properties.

Results and Discussion Hydrodynamic

Due to high mixing, the inlet, outlet and pump parts
are considered as an ideal stirred reactor and other
parts of the reactor are considered as an ideal plug
flow reactor. By performing calculations, the required
length for the development of the flow in the parts
with high mixing has been obtained and this length
has been used to calculate the volume of ideal stirred
reactors. According to the calculations, both main and
pre-polymerization reactors have turbulent flow. Since
the viscosity of the flow in the main reactor is about
100 times larger than that of the pre-polymerization
reactor, the Reynolds number of the main reactor is
significantly smaller than that of the pre-polymerization
reactor, but still this number indicates the turbulence of
the flow regime in the main reactor, so considering the
ideal plug flow reactor as a part of the reactor that has
a developed flow reduces the calculation error.

Choosing the Proper Kinetic Constants
In the case of using the kinetic constants provided
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by Zacca et al., the amount of polymer in the output
stream from the second main reactor was calculated
to be 7.4 kg per hour, which is significantly different
from the amount of production in the industrial unit,
but the final product has a high numerical average of
degree of polymerization. Regarding the use of the
kinetic constants of Zheng et al., the amount of product
production is in good agreement with the values
provided by the production plant, but the numerical
average of the degree of polymerization of the product
in this case is 426, which is very low, so the kinetics
announced by Zheng et al. is not suitable.

In the case of using the kinetic constants provided
by Lu et al, the numerical average of the degree
of polymerization of the product has reached an
acceptable number of 1916. In addition, the amount of
production in all reactors are in good agreement with
the production plant data.

Effect of Methanol

After performing the simulation and fitting the results,
the following equation was obtained for the constant
of methanol reaction rate relationship. In this equation,
C represents methanol concentration in ppm unit and k
is the speed constant in 1/s unit:

k=73+30%c (1)
r:KCPoisan (2)
Conclusions

As seen, the use of the combination of ideal reactors
and the concept of required length for fully developed
flow along with the use of appropriate kinetics and
the PC-SAFT equation of state can be well used to
simulate the homopolymer unit. It has also been shown
that by using the data provided by for catalyst poison, it
is possible to study the effect of methanol as a catalyst
poison on the production rate and product properties.
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