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Design an efficient catalytic reaction following green chemistry.
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Degradation of organic
pollutants in wastewater

8 (e.g. antibiotics, pesticides, and
[§ other persistent chemicals)

Implementation directly in-line with
outputs from the chemical industry

A way to mitigate
hazardous material
outputs from industrial
chemical processes!

Catalytic systems enhance energy efficiency and atom economy, aligning
with green chemistry principles. This helps us to tackle environmental
problems derived from ongoing processes, while we continue to develop
more sustainable processes.

Advantages

Selective catalyst design: Designing catalysts to selectively degrade a
chemical to known compounds (useful or benign) by a characterized route.

Highly efficient reactions: since catalysts increase reaction rates and can be
used in small amounts, catalytic degradation offers a more efficient way to degrade
compounds compared to traditional methods that are already applied in large-scale
processes such as physical adsorption, membrane filtration and chemical oxidative
degradation.

Disadvantages

Complex composition of real samples obtained from large-scale processes
or wastewater: one of the main challenges is to obtain a catalyst that can be
used directly in a real sample or at the end of an industrial production line, for
example. Real samples may contain a complex mixture of compounds that can
interfere in the performance of the catalysts.

Degradation of catalyst: these materials should tolerate several catalytic cycles
without losing its catalytic activity. In many cases, catalysts suffer from leaching,
deactivation and degradation processes.

Example 1. Degradation of antibiotic in water

Enzymes are considered eco-friendly catalysts and could be used to biodegrade
several antibiotics that can cause adverse effects in aquatic systems and may
be related to the increased bacterial resistance. For example, B-lactamase was
immobilized on the surface of Fe,O, magnetic nanoparticles to obtain a highly active
and easily recoverable catalyst to degrade penicillin in water with an efficiency that
remained above 95% after 35 of repeated use. [1]
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Up to 95% degradation of

B-lactamase/Fe;0, NPs penicillin after 35 cycles

Example 2. Microbial fuel cells to decolorize textile industry effluents
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The whole cell can also be a catalyst for biodegradation.

Microbial fuel cells are a cheap and low-energy technology 60 = .

for degradation of aqueous pollutants. Studies report >90% S o s
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Example 3. Degradation of persistent pesticides in water

TiO,-based catalysts combined with UV-light irradiation are promising
methodologies to degrade persistent pesticides. For example, TiO,-kaolin
composite completely degraded pesticides such as imidacloprid, pyrimethanil, and
methomyl in solar photoreactors. The catalytic activity was also evaluated for the
treatment of two samples from Municipal Wastewater Treatment Plant (MWWTP)
obtaining promising results. [3]
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Example 4. Selective Degradation of Waste Polyolefins

Transition metal catalysts (both homogenous and heterogenous) have
been applied to hydrogenolysis and tandem dehydrogenation/olefin
metathesis reactions to  deconstruct waste polyolefins into
fuels, lubricants, waxes and even monomer units. [4,5]

Catalytic deconstruction of waste polyethylene to form propylene:
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« Tandem reaction involving 1) dehydrogenation 2) isomerization and 3) olefin
metathesis reactions;

 Reported yields of propylene up to 80%;
« Reactions can be carried out neat (i.e. solvent free);

« (Catalysts tolerant of additives in waste polyolefin samples.

Example 5. Degradation of organic pollutants and heavy metals in
wastewater combining photocatalysis with electrochemistry

The bias potential can remarkably promote the oxidation of organic
pollutants on the photoanode by suppressing the recombination of

photogenerated electron-hole pairs and extending the lifetime
of photogenerated holes. [6,7]
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« Electrochemical Advanced Oxidation
Processes (EAOPs);
« High price of solar photovoltaic cell.

. ACO,+H O it L
. < Sty 2

\ = | b1 /” OH - n+
\ = / organics < s’ M
@ ” e
\ VB h#_] ~)
— = H,0 ' -

‘Organic-heavy metal mixed pollutants

/| photo-excitation

v

References

1. Gao, X. J., Fan, X. J., Chen, X. P.,, & Ge, Z. Q. Immobilized p-lactamase on Fe;O0, magnetic
nanoparticles for degradation of B-lactam antibiotics in wastewater. Int. J. Environ.
Sci. Technol. 2018, 15, 2203-2212. D0OI:10.1007/s13762-017-1596-4

2. Tabassum, N.; Islam, N.; Ahmed, S. Progress in microbial fuel cells for sustainable
management of industrial effluents. Process Biochem. 2021, 106, 20-41. DOI:
10.1016/j.procbio.2021.03.032

3. Jiménez-Bautista, K.; Gasco, A.; Ramos, D.R; Palomo, E.; Muelas-Ramos, V.; Canle, M.;
Hermosilla, D.; Bahamonde, A. Solar-assisted photodegradation of pesticides over
pellet-shaped TiO,-kaolin catalytic macrocomposites at semi-pilot-plant scale:
Elucidation of photo-mechanisms and water matrix effect. J. Clean. Prod. 2023, 426,
139203-139217. DOI:10.1016/j.jclepro.2023.139203

4. Conk, R. J.; Hartwig, J. F. et al; Catalytic deconstruction of waste poyethylene with
ethylene to form propylene. Science. 2022, 377. DOI: 10.1126/science.add1088

5. Wang, N. A.; Scott, S. L.; Guironnet, D., et al Chemical Recyling of Polyethylene by Tandem
Catalytic Conversion to Propylene. J. Am. Chem. Soc 2022, 144 (40). DOI:
10.1021/jacs.2c07781

6. Bertagna Silva, D., Buttiglieri, G. & Babi¢, S. State-of-the-art and current challenges for
TiO,/UV-LED photocatalytic degradation of emerging organic micropollutants. Environ.
Sci. Pollut. Res. 2021, 28, 103-120 . DOI: 10.1007/s11356-020-11125-z2

7. Ye, S., Chen, Y., Yao, X. & Zhang, J. Simultaneous removal of organic pollutants and heavy
metals in wastewater by photoelectrocatalysis: A review. Chemosphere, 2021, 273,
128503. DOI: 10.1016/j.chemosphere.2020.128503

Icons from various creators at flaticon.com



	Slide 1: Catalysis for Controlled Degradation     Irina Della Cagnoletta, Maura E. Gibbs, Carlos Sant Ana Vasconcellos, Sean A. Wirt   2024 ACS GCI Green & Sustainable Chemistry Summer School, Burlington, VT, USA

