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Outline

* Functional polymers

* Modeling by kMC

* Model development: Module A and Module B
» Results (Module A and Module B)

» Effect of diffusional limitations

» Conclusions
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Kinetic Monte Carlo In Reactive Processes

Kinetic Monte Carlo (kMC)

Modeling
N ; .
RP - Assumptions:
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solution nume-ncal * |sothermal conditions
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Stochastic Deterministic
methods methods
Kinetic Monte Carlo Method of moments
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random sampling Galerkin methods
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Kinetic I\/Ionte Carlo (kI\/IC) Algorithm
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Kinetic I\/Ionte Carlo (kMC) Algorithm
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Update of the number of molecules

Efficiency
Update of the number of molecules factor f

Non- kg Reactant Product This increment of
macromolecular I'_> ? RT ” _ +2 will be executed
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Binary trees

Homopropagation R, + M 4 R4
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Semi-updated state for the chain-length
binary tree of macroradicals, considering
the consumption of one macromolecule of
the randomly selected chain length “n”
during monomer propagation.

Initial state for the chain-length
binary tree of macroradicals.

Jump to one chain length forward in the
binary tree of macroradicals and selection of
the path upwards to the root node in order
to update the state of the binary tree due to
the product formation during monomer

propagation.

Updated state for the chain-length
binary tree of macroradicals,
considering the consumption of one
macromolecule of the randomly selected
chain length “n” and formation of one
macroradical with chain length “n+1”

Reactant consumption
n=4

Product formation
n=5
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Sampling based on mass fraction
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Descrlptlon of complex architectures

It is possible to track average properties

of the reactive system, as

average grafting “from” density,
average grafting “to” density,

average crosslinking density, etc.,

but the information for the

distribution of this properties is mixed and

difficult to track.
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Complex architecture:

Several grafted chains and
several crosslinking points per
macromolecule

It is not possible to calculate the
chain length of every graft or
the chain length of the vinyl
segments between
crosslinking points
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Module A

kMC Gillespie, 1976
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Arrays in Module B
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Results obtained wit
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Results obtained with Module A
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Results obtained with Module B
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Results obtained with Module B

Bivariate distribution: Copolymer composition-CLD
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Results obtained with Module B
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Diffusional effects
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Extended model

C=C(t)

ASSUFﬂptiOnS: < Present study focused on the kinetics.

Batch reaction
Homogeneous phase
Isothermal conditions

Control volume, V,
. dC Extended model currently accounts for phase

i R segregation and multiple injections.
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Concluding remarks

— Comprehensive model for the description of microstructural
properties of individual chains with complex topology was
developed.

— A mass-weighted CLD needs to be considered to properly account
for the chain length dependence of the hydrogen abstraction
reactivity.

— Diffusional limitations need to be accounted for to accurately
represent the grafting kinetics.
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