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Context.

Indoor and cabin air pollutions by Volatile Organic Compounds (VOCs) represent serious threats to
human health. The origins of VOCs are diverse, e.g., furniture, floors, paints, human or animal sources,
heating and cooking systems, outdoor pollutants, leading to complex mixtures of alkanes, alkenes, alcohols,
aldehydes, aromatics, halogenated compounds and many other compounds. Formaldehyde, benzene, CO,
acrolein, acetaldehyde and chloroform are among priority pollutants to be removed from homes, offices
and schools 1. Apart from improving ventilation systems, which also has limits when large temperatures
gradients exist between inside and outside, the two main control techniques are based on VOCs destruction
and adsorption %3,

Destruction techniques (e.g. total oxidation through catalysis® plasma, ozonation, photocatalysis)
are typically energy-intensive, costly and some of those may result in the formation of secondary pollutants
2, Adsorption can be effective but is limited by the need to replace or regenerate the sorbent. Four main
classes of sorbents are defined, activated carbons (AC), metal-organic frameworks (MOF), hyper-
crosslinked polymeric resins (HPR) and zeolites °. Each of those has pros and cons in term of cost, stability,
trapping efficiency and regeneration. A recent review 3 stressed the work still needed in improving VOCs
control systems, in particular, (i) a fundamental understanding of the interaction between
sorbents/catalysts and VOCs, (ii) the effect of water on sorption and (iii) combining Sorbent-Catalyst
systems using bifunctional materials.

Objectives of the project

This project addresses several scientific shortcomings discussed above and propose innovative
approaches to offer new cost-effective solutions in the destruction of VOCs, that may possibly lead to
commercial applications.

First, operando IR spectroscopy will be combined with traditional sorption/volumetric methods to
describe the adsorption of various VOCs in a set of representative sorbents to determine the main individual
physicochemical adsorption parameters (sorption heat, isotherms, sites, coordination mode) and
adsorption competitions by studying VOCs mixtures. The effects of water will also be investigated in detail,
thanks to the high IR response of adsorbed water and hydroxyl groups.

Second, sorbent regeneration will be done by using microwave heating similar to that of a standard
kitchen appliance (2.45 GHz), as to develop a practical and inexpensive regeneration method. This
technique was already used (under inert atmospheres) over zeolites &7 and activated carbons 8, but needs
to be ascertained over MOFs and polymers. The sorbent will be mechanically mixed with a catalyst
composed of a support strongly absorbing microwaves and a phase active for total oxidation (Figure 1). The
irradiation of the mixture will result in a sharp and rapid temperature increase of the catalyst (and possibly

that of the sorbent and VOCs, depending on their dielectric permittivities) that will result in the fast
desorption of the VOCs. The desorbed VOCs will then be combusted over the hot catalyst in close contact.
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Figure 1. Schematic representation of the project: use various advanced characterization methods to
understand VOCs adsorptions in sorbents and the ex situ regeneration in a common microwave oven. The
system will consist of sorbents mixed with oxidation catalysts exhibiting high dielectric constants.

To our knowledge, the microwave-assisted VOC desorption combined with catalytic combustion
has not yet been reported and offers a fast, practical and inexpensive method to regenerate sorbents. This
work would be the first time that such method would be assessed.

The efficiency and durability of the elimination of priority VOCs (i.e., formaldehyde, benzene, CO,
acrolein, acetaldehyde and chloroform) on a limited set of sorbents (zeolites, porous polymers, MOFs and
Activated carbons) mixed with various catalysts will be determined. A major focus will be to ensure that no
harmful secondary products are produced during combustion/regeneration, or at least at acceptable levels
based on legal exposition limits. The supervising TEAM are team members of the ATARI group of IRCELYON
( https://www.ircelyon.univ-lyon1.fr/en/team/integrated-thermodynamical-reactional-and-analytical-approaches/ )
having complementary knowledge on this topic.
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