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Depolymerization kinetic
models

* Global conversion based models

* Global average chain length based models

* Elementary reaction step based models

oy
IVIMIA| MMAtwo workshop - 15/09/2020



Global conversion based
models
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Depolymerization kinetic
models

* Global conversion based models

d In( f(a))}

* Global average chain length based models
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* Elementary reaction step based models
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Deterministic elementary
reaction based models
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Depolymerization kinetic
models

* Global conversion based models
dlIn (Z—%)
(7)
* Global average chain length based models
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* Elementary reaction step based models
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Stochastic elementary
reaction based models

* Stochastic sampling of reactions via kinetic Monte Carlo (kMC)

* Probability P to sample reaction v is proportional to its microscopic reaction rate R [s?]
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"Tree based kMC
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Matrix based kMC
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Tree vs. matrix based
kKMC

Univariate tree based Bivariate tree based Matrix based
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Complexity and macromolecular structural detail
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PMMA depolymerization
reactions

/@gradation initiation reaction‘s\\

/ 1) fission at unsaturated chain end
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Initiation of depolymerization depends on the presence of structural defects and
functionalities - also chain-by-chain visualization of polymerization needed
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Initiator dissociation

N
l
§ CH
CH, N oH kd,chem ’
Hoc ‘/ Y ¢ f—)- N, + 2 HSCAK
CH, chem c
¢ I
N

I
N

Chain initiation initiator radical

CH. O, o]
’ kf,chem *
Hac—l' + —
C
Il b
" |

Propagation

° 20 ° o © c‘) 0 oI o
kp, chem
+ H

mmm MMAtwo workshop - 15/09/2020

¥ MMA free radical
polymerization reactions
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Diffusional limitations in
FRP
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Glass effect

Parallel encounter pair model
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Smoluchowski equation
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Gel effect
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Apparent initiator efficiency as a function of monomer conversion

Japp = Dy + Dierm

Free volume theory
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Importance diffusional
limitations in FRP
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ﬂ Model validation FRP
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Evolution of functionalities
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* Chemical recycling (depolymerization) allows to recover monometric building
blocks

* Depolymerization processes are characterized by a large number of competing
elementary reactions such as fission, scission and termination reactions

* Elementary reaction step based models are key to improve the knowledge of
depolymerization mechanisms and kinetics

* Matrix based kinetic Monte Carlo tools allow to track individual chains during both
polymerization and depolymerization

* The initial molar mass distribution and the presence of defects and functionalities
strongly affect the depolymerization kinetics
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