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Mechanism of the heterogeneous photo-Fenton process
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Obijectives

The aim and novelty of this work is:

(1) to develop a new catalyst using

a montmorillonite clay as a base
material, to degrade a textile dye




Material and methods
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Catalyst preparation
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Activated sodium bentonite
(Na-Mt)

Incubator * Calcination (5002C/ 4 h)

* Dying for 24 h at 702C

* Agitation at 300 RPM/ 1002C;
e Agitate untill all water is evapoarted



» The FTIR analysis (Figure 1(a)) showed similar peaks between the Na-Mt and Fe(ll)-Mt. However, the Fe(ll)-Mt reveled a significant structural change, with the disappearance of a

» The XRD patterns of both Na-Mt and catalyst Fe(ll)-Mt are shown in Figure 1(b) , and the crystallographic parameters were evaluated by measuring the basal reflexions in the plane

dhkl 001. The data reveled a significant shift associated with the reflection d001, from 14.01 A to 9.92 A, confirming the structural modifications that occurred on the Fe(ll)-Mt after
the calcination.

Results and discussion

Characterization of Fe-BC catalyst

peak at 1103.28 cm™ and the appearance of a new peak at 528.49 cm™.
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Figure 1. Analysis of Na-Mt and Fe(ll)-Mt by (a) FTIR and (b) X-ray diffraction.
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MB removal (%)

MB removal (%)

Results and discussion
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Figure 2. Removal of MB by (a) variation of AOPs, (b) variation of pH (3.0 — 7.0), (c) variation of Fe(ll)-Mt
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catalyst concentration (0.25 2.0 g/L) and (d) variation of H202 concentration (2.0 — 16.0 mM).

In Figure 2(a), six different AOPs were tested, with the following
conditions: pH = 3.0, [Fe(ll)-Mt 0.5M] = 0.5 g/L, [H,0,] = 4 mM,
[MB] = 0.16 mM, radiation = UV-C (254 nm), time = 25 min;
heterogeneous Fenton and photo-Fenton were applied, with results
showing a MB removal of 78.6 and 88.7%. Clearly, the catalyst can
convert the H,0, and generate HOe radicals. This effect is enhanced
with the application of UV radiation, thus heterogeneous photo-
Fenton was selected as the best AOP;

The pH was varied from 3.0 to 7.0 (Figure 2(b)). Results showed a
MB removal of 88.7, 90.5, 96.1 and 94.2%, respectively for pH 3.0,
4.0, 6.0 and 7.0;

The results in Figure 2(c) showed a MB removal of 82.6, 96.1, 99.7
and 99.7%, respectively for 0.25, 0.50, 1.0 and 2.0 g/L. As the
catalyst concentration increased from 0.25 to 1.0 g/L, the
production of HOe radicals increased, due to a higher content of
Fe2* present in solution;

The H,0, concentration was varied from 2.0 to 16.0 mM to access
the effect of the oxidant concentration in heterogeneous photo-
Fenton (Figure 2(d)). The results showed that the removal of MB
was independent from the concentration of H,0,.



Results and discussion
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Figure 3. (a) Catalyst stability, (b) Fe?* leaching concentration for 3 consecutive cycles.

3 consecutive cycles were performed. The results in
Figure 3(a) shows a MB removal of 99.7, 99.5 and 96.3%,
respectively for the 15t, 2nd and 3™ cycles;

The leaching concentration was determined during the 3
cycles (Figure 3(b)). These results showed a high Fe?*
release during the first 5 min, decreasing its
concentration from 5 to 25 min;

The final Fe?* concentration values were observed to be
far below the European Eco-nomic Community
standards for discharge of treated waters —2 mg L.



Conclusions

Based in the results, it is concluded:

(1) that calcination of montmorillonite clays does not affect their
; -} structural integrity and allows the incorporation of Fe?*

(2) that the heterogeneous photo-Fenton is the most efficient
) process in MB degradation

(.~ / the treatment costs and the iron is reabsorbed after each cycle

ﬁ > (3) that the catalyst can be reused for 3 consecutive cycles, decreasing
" O
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A aluna de Doutoramento Rita Teixeira, com a apresentacdo intitulada * Wastewater treatment for
3 discharge” ap produtos & base de 0s gerados na
agricultura e como podem ser reaproveitados para o tratamento de efluentes.

M On the 8th of July, the Vila Real Chemistry Center celebrated its 20th anniversary. The
Environmental Chemistry group had the opportunity to present their work.

The PhD student Nuno Jorge, with a presentation entitied “Treatment of agro-industrial
wastewaters by physico-chemical and advanced oxidation processes”, showed some of the
reactors developed in his thesis, as well as some of the products developed through plants.
The PhD student Rita Teixeira, with a presentation entitled “Wastewater treatment for a
responsible discharge” presented innovative products based on by-products generated in
agriculture and how they can be reused for the treatment of effluents.
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W O grupo Environmental Chemistry publicou mais um artigo na revista Engineeri

roceedings, com o titulo "Removal of Methylene Blue from Aqueous Solution by Application of
lant-Based Coagulants”, escrito e publicado pelo aluno de Doutoramento Nuno Jorge, Neste
rtigo, um efluente contaminado com um corante textil (Methylene blue), que é téxico para a
egetagdo e para a saide humana, foi tratado por um processo de coagulagao-floculagio-
ecantagdo. Neste processo foram util... Ver mais

engineering
SO proceedings

20 Open Access Journal by MOPY

Podem consultar o trabalho no site:
https://sciforum.net/event/IECHo2022#awards

=& The Environmental chemistry group congratulates the PhD student Nuno Jorge for the Best
Paper award, entitled "Plants as natural organic coagulant powders for winery wastewater
treatment”.

The work can be consulted on the link:
https://sciforum.net/event/IECHo2022#awards

This Certificate is awarded to

Nuno Filipe Alves Jorge
Ana Teixeira

v

Leonilde Marchio
Marco Lucas
José Peres
Plants as Natural Organic Coagulant Powders for Winery Wastewater Treatment (
d0i:10.3390/IECH02022-12487 ) By Nuno Filipe Alves Jorge, Ana Rita Teixeira, Leonilde Marchao,
Marco Sousa Lucas and José Alcides Peres
17/0572022
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Certificate of publication for the article ttled:
Removal of Methylene Blue from Aqueous Solution by Application of Plant-Based
oagulants
Authored by:
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#u In a few days (20 to 22 July) the Congress “Sth Intemational Conference on Green Chemistry
and Sustainable Engineering (GreenChem-22)" will begin in Rome. The Congress has as Chairman
Professor José Alcides Peres, belonging to the Environmental Chemistry group of the CQVR.

The Sth International Conference on Green Chemistry and Sustainable Engineering (GreenChem-
22) is organized by academics and researchers from different scientific areas from the University
of Trés-os-Montes and Alto Douro, University of Salamanca, University of Santiago de
Compostela, University of Extremadura, Hunan Agricultural University of China, Gogte Institute of
Technology. University of Casino and Southern Lazio, Universidad Complutense of Madrid and
University of Las Palmas de Gran Canaria with technical support from Sciknowledge European
Conferences.

The Congress program can be consulted on the website
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