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Projet scientifique du stage (1 a 2 pages) / Internship scientific Project (1 to 2 pages) :

1. Contexte de I’étude / Background

Polystyrene (PS) accounts for c.a. 5% of the worldwide plastic production (20 Mt/y) [1] but used PS is often
incinerated due to the high stability of its backbone. Recently, there has been a growing interest for the chemical
recycling of PS, for example, through its high temperature depolymerization into styrene, as patented by Ineos
Styrosolution [2]. A complementary and attractive strategy is chemical upcycling, which aims at converting PS
selectively into value-added chemicals. Several photocatalysts (PC) have been investigated to induce the aerobic
oxidative cleavage of PS into benzoic acid [3]. Such reaction is initiated by a Hydrogen Atom Transfer (HAT) step
(Fig. 1), then PS benzylic radicals are trapped by molecular O,to produce tertiary hydroperoxides, then tertiary
alkoxy radicals undergo an homolytic 3-C-C cleavage. Under irradiation, the interaction of strong acids with the
aromatic rings of PS can be at the origin of the production of *0, which is known to be a HAT promoter. Recently,

* min. 5 mois, maximum 6 mois a partir du 25 janvier 2027 / min. 5 months and max. 6 months not earlier than January, 25th 2027.
Fin des conventions de stage au plus tard le 15/07/2027 ou le 15/09/2027 et le 15 novembre 2027. End of internship at the latest July
15th, 2027 or September. 15th, 2027 and November 15th, 2027.



the LRS team has developed a PC-free and recyclable catalytic system based on solids bearing sulfonic groups
such as Nafion™ affording benzoic acid from PS with relatively high yields (70%) and running under visible light
[4]. However, such system has limited quantum efficiency.
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Fig. 1. Mechanisms for the photooxidative upcyling of PS

2. Description du projet / Description of the project

While most of the reported works dealing with PS upcycling were carried out
at small scales in batch reactors requiring very long irradiation times, the
UpPhotoFlow consortium® proposes the implementation of innovative HO;8 7
heterogeneous organic (photo)catalysts with continuous-flow LED-driven
processing strategies. It is hypothesized that grafting soluble PCs and/or strong
acids onto silica-based supports could offer a recyclable and scalable solution with
enhanced photostability and promote an alternative C-C cleavage affording Visible
phenol. Based on LRS and its partner CNAM backgrounds, three families of | Fig, 2. Targeted materials
supported catalysts will be prepared by immobilizing (i) sulfonic acids (enabling
10, generation in the presence of PS under visible light), (ii) Near-infrared responsive PCs [5] and ultimately (iii)
both PCs and acid functions. This Master's (M2) internship which may be extended into a PhD project funded by
the ANR will be dedicated to the immobilization of the sulfonic acids (Fig. 2).

Silica samples with high specific surface area are expected to display a greater density of acid sites than
commercially available resins while being resistant to shrinking or swelling induced by the organic solvents used.
Well-defined micro-sized SiO, with tunable size and surface reactivity will be prepared using the Stober method
(seeded growth) [6]. These should measure tens of microns which is suitable for the catalyst dispersion and the
use of centrifugation for recycling purposes (after flow experiments). To introduce acid functionalities
(SiO,@S03H), LRS will employ post-synthetic sulfonation using chlorosulfonyl reagents [7] or thiols.

HO;S
\ SO:H
|
_-SO3H

SO;H
$i0,@S0:H

3. Techniques ou méthodes utilisées / Specific techniques or methods

All synthesized materials will undergo comprehensive characterization particle size distribution (DLS, TEM,
SEM) and surface chemistry evaluation (N, physisorption, TGA, FTIR, XPS, MAS NMR). Particular attention will be
given to particle size effects, as micrometric materials are better suited for continuous-flow processes using slurry
Taylor flows configurations. The (photo)catalytic activity of these solids will be compared to that of Nafion™ and
Amberlyst™ under visible-light irradiation [4]. The reaction will be monitored by size-exclusion chromatography
and '"H NMR.

We are seeking a Master's or engineer student with experience and/or knowledge in materials chemistry and
heterogeneous (photo)catalysis.
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* UpPhotoFlow ANR project — Plastic upcycling using continuous-flow photooxidation processes with recyclable photocatalysts.
Partners N°1 : LRS — CNRS / Sorbonne Université « N°2 GBSM — CNAM o N°3 IPREM — CNRS / Université de Pau et des Pays de I’Adour e
N°4 LGC — CNRS / INP-Université Paul Sabatier.




