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Reductive depolymerization of oxygenated plastics — State of the art
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Reductive depolymerization of oxygenated plastics — State of the art
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Conversion >95% N.J.Robertson, Chem. Commun., 2014.
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Reductive depolymerization of oxygenated plastics — State of the art

HYDROGENATION
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Hydride source
> ~ Alcohols ou Alkanes
120 € [*
/mmo = Alkyl, Aryl HO. g OH He"
Robertson et al.
1-2 mol% * N
H, HO-CH3 CHy
P(H,) = 54.4 atm
[Ru] (2 mol%) RH
KO'Bu (4 mol%) _ OH

, - + HO/\\//\\/DH
Anisole/THF, 160 °C,48 h HO
P(H,) = 54.4 atm

X Expensive catalysts HH
X High pressure Conversion >95%
v Abundant reductant
v No side-products
— / [Ru] (1 mol%)
KO'Bu (2 mol%) HO
; - \{\OH + HO-CHj3
O™% Anisole/THF, 160 °C, 48 h
PPC N P(Hy) = 54.4 atm
1 0
* Alfa Aesar (26/11/2022) VS Zn(OAc), : 35 €/mmol) Polypropylene carbonate Conversion >935% N.J.Robertson, Chem. Commun., 2014.
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Reductive depolymerization of oxygenated plastics — State of the art
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o Catalyst OH H ( F B JH
Hydride source 3 Ir.
> > Alcohols ou Alkanes . ‘“THF
t
120 €/mmol* B HO_. OH H_ H O—P'Buy
= Alkyl, Aryl 180 €/mmol* 410 €/mmol*
Robertson et al.
1-2 mol% + + Cantat et al. Cantat et al.
H, HO-CH; CHy 2-10 mol% 0.3-1 mol%
P(H,) = 54.4 atm R;Si-H R;Si-H
B(CgFs)3 (5 mol%) H H

-
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CH,yCly 25 °C, 16 h

Et;SiH (3.3 equiv.) [Si]© o[sil

65%
B(CgF5)3 (2 mol%) HH
PLA TMDS (2 equiv.) H H
Polylactic acid CH,Cl, 25°C, 16 h
>95%

* Alfa Aesar (26/11/2022) VS Zn(OAc), : 35 €/mmol) N.J.Robertson, Chem. Commun., 2014 ; E.Feghali, ChemSusChem. 2015 ; L.Monsigny, ACS Sustainable Chem. Eng., 2018.
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Reductive depolymerization of oxygenated plastics — State of the art
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> > Alcohols ou Alkanes . ‘“THF
t
120 €/mmol* B HO_. OH H_ H O—P'Buy
= Alkyl, Aryl 180 €/mmol* 410 €/mmol*
Robertson et al.
1-2 mol% + + Cantat et al. Cantat et al.
H, HO-CHj3 CHy4 2-10 mol% 0.3-1 mol%
P(H,) = 54.4 atm R;Si-H R;Si-H
B(CsFs)3 (3 mol%) HH
A _ 10
Et;SiH (3.3 equiv.) [Si] %O[Si]
CHyClp 25°C, 16 h
65% v Soft conditions
v # reactivities VS conditions
B(CeFe)s (2 mol%) HoH X Expensive catalysts
6 5)3 (& Mol % Siloxane waste
PLA TMDS (2 equiv.) H H
Polylactic acid CH,Cl, 25°C, 16 h o ——
>95%
* Alfa Aesar (26/11/2022) VS Zn(OAc), : 35 €/mmol) N.J.Robertson, Chem. Commun., 2014 ; E.Feghali, ChemSusChem. 2015 ; L.Monsigny, ACS Sustainable Chem. Eng., 2018.
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Reductive depolymerization of oxygenated plastics — PhD Goals
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1. Reductive depolymerization with R,Si-H

Q9

H H
Esters O><OH HO
Sepmumsm—" %
H H

HO
Mild and stable 0>40H

Pol hydrosilane
@.\ y OMe
Zr,  + | _H

VR Sil
%C' MeO” “Me

Green Chem., 2022.

@ Commissariat a I'énergie atomique et aux énergies alternatives Marie KOBYLARSKI - DRF/IRAMIS/NIMBE/LCMCE 29/09/2023 16



1. Reductive depolymerization with R,Si-H
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1. Reductive depolymerization with R;Si-H
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1. Reductive depolymerization with R,Si-H
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@ 1%t use of Zirconium catalyst for :
M Reduction of esters
M Reduction depolymerization of polyesters
= High selectivity (no over-reduced products)
= Quite cheap catalyst (80 €/mmol)*

o =
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PLA PET Lo
PolyCaprol actone PolyLactic Acid PolyEthylene Terephtalate

* Alfa Aesar price (26/11/2022) Green Chem., 2022.
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1%t use of Zirconium catalyst for :

M Reduction of esters

M Reduction depolymerization of polyesters
= High selectivity (no over-reduced products)
= Quite cheap catalyst (80 €/mmol)*

@ Perspectives :

[J Extend to other polymers
[J Optimize hydrolysis
[1 Further explore the mechanism

* Alfa Aesar price (26/11/2022)

Green Chem., 2022.
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2. Reductive depolymerization with R,B-H
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@ 1%t use of Zirconium catalyst for :
M Reduction of esters

M Reduction depolymerization of polyesters
= High selectivity (no over-reduced products)

= Quite cheap catalyst (80 €/mmol)*

* Alfa Aesar price (26/11/2022)
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2. Reductive depolymerization with
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1%t use of Zirconium catalyst for :

M Reduction of esters

M Reduction depolymerization of polyesters
= High selectivity (no over-reduced products)
= Quite cheap catalyst (80 €/mmol)*

* Alfa Aesar price (26/11/2022)
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Green Chem., 2022 ; Chem. Comm. 2022.
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2. Reductive depolymerization with
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2. Reductive depolymerization with
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15t reductive depolymerization with :
M Metal f catalyst
M Hydroboranes
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50 °C, 24 h

>95% 87%

Green Chem., 2022 ; Chem. Comm. 2022.
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2. Reductive depolymerization with R,B-H
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PolyEthylene Succinate PolyCarbonate Bisphenol A Green Chem., 2022 ; Chem. Comm. 2022.
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2. Reductive depolymerization with R,B-H
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@ 1%t reductive depolymerization with :
M Metal f catalyst
M Hydroboranes
= High selectivity (no over-reduced products)
= Catalyst ~ 170 €/mmol*

Perspectives :

[1 Try on a mixture of plastics
[J Reuse of the catalyst

[J Study the mechanism

[J Extend to others polymers
* Alfa Aesar price (26/11/2022) Green Chem., 2022 ; Chem. Comm. 2022.
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Les 90 éléments qui composent notre monde
Combien en reste-t-il? Y en a-t-il assez? Est-ce durable?

Elément Prix (€/kg)
Iridium 29 000
Ruthénium 3 000
Bore 2 200
Uranium 53,10
Zirconium 21

Molybdene 15

Lanthane 6
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