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Obijectives

The aim of this work is:

(1) The application of a self-made UV-A LED reactor

.=/ for the removal of RV5 from an aqueous solution

v e

A (2) The comparison of the efficiency of the UV-A
\ / reactor with and ultrasound reactor

/



Material and methods

Name, chemical structure, maximum absorbance and molecular weight of RV5

Chemical Molecular

. The maximum absorbance wavelength (A, ,,) of RV5 was found at
structure weight (g/mol)

560 nm, and the concentration of the residual dye in solution was
calculated by Beer-Lambert’s law (Equation 1), using the optical
density and molar extinction observed at the characteristic
wavelength:

Reactive violet o OHHNi 560 and 320 735.59 A=leC (Equation 1)
5 (azo dye °l]°‘“"'.i *
( y ) Na® 0 0. OO L0 where A is the absorbency, | the path length (cm), € the molar

Na* || H Nat

extinction coeffi-cient (L/mol/cm) and C the dye concentration at
08 time t (mol/L).
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Results and discussion

v v
AOPs application

RV5 removal (%)

RVS5 removal (%)

. (a). — , —_— 100 ] (b)‘ ’ ' ' ) ' ) Figure 1. 3v5 removal with variation of (a) AOPs, (b) pH (3.0 — 7.0), (c) H,0,
| e 3 - o4 | e e o e concentration (2.0 — 16.0 mM) and (d) Fe2* concentration (0.05 — 0.20 mM).
80 ¥ S - S 2 b4 4]
I 13 C A 1» Considering the difficulty of treatment of wastewaters
60 - . : g 60 ! o Y - contaminated by RVS5, it were performed several AOPs, to evaluate
o« e, 12 iy o the efficiency and benefit of each conditions on the dye
404 . . 2o 1Z 40 o o ;:g::i:g i degradation.
w-4-UV-A+H,0, |2 2 A 3-pH=50 | » Figure 1(a) shows the RV5 removal obtained by different AOPs as a
20 e e oranon] | 21 & v 4-pH=60 | function of time (min) under the operational conditions as follows:
v v v pH = 3.0, [RV5] = 0.28 mM, [H,0,] = 4.0 mM, [Fe?*] = 0.15 mM,
0 @Rk . . 01 % radiation UV-A (365 nm), IUV = 32.7 W m2, time = 7 min.
o 1 2 3 4 5 & 7 0 1 > 3 4 5 6 1 g» The results showed the highest removal of 95.5 and 86.6% with
Time (min) Time (min) application of photo-Fenton and Fenton processes respectively.
100 (c)l ' L ) ' 100 (di ' o ] - _ These results can be explained by the high generation of HOe
_ = g | '_'_'_'_'_'_': | R — i; radicals by these processes, leading to the removal of RV5 from
80 4 v ; -------- : A 80 - t : e N 5 aqueous solution.
; i, B v = ! 1> As the pH increased above 3.0, the degradation efficiency
60 - i T 60 i = 1-[Fe*]=0.05 mM . decreases due to (1) iron precipitation as hydroxide derivate,
£¥ — 12 e 2-[Fe*]=0.10 mM reducing the Fe?* availability, (2) to the dissociation and auto-
40 - ; = 1-[A,0,]=2.0mM e 404 ~4-3-[Fe"]=015mM decomposition of H,0, (Figure 1(b))
~®2-[H,0,] = 4.0 mM o w4 - [Fe*'] = 0.20 mM, 22 (T8 . - o
A 3-[H,0,] =8.0mM | & | » The results showed the highest RV5 removal with application of
201 # v 4-[H,0,] = 16.0 mM| 201 | 4.0 mM H,0, (95.5%) (Figure 1(c)).
» As the Fe?* concentration increases to 0.15 mM a higher
°1* °1 ¢ _ generation of HOe radicals occurs and simultaneously a higher
0 1 2 3 4 5 6 7 0 1 2 A 5 6 7 8 concentration of RV5 is degraded
Time (min) Time (min)



Results and discussion

Table dect of AOPs in pseudo first-order kinetic rate (k), electric energy per order (EEO), specific
applied energy (ESAE) and cost. Means in the same column with different letters represent
significant differences (p < 0.05) within each parameter by comparing the treatment processes. n.q.
— not quantified.

] 2 ?r - ¥ ' order?) order?)
80 g ; y Fenton 0.270 n.q. n.q. n.q.
9 UV-A-Fenton 0.477 11 38 0.84
S 60- o 1-US §
E e 2-US + Hzoz US-Fenton 0.483 159 568 12.72
£ 4 3-UV-AFenton
e 0 v 4 - US-Fenton .
E : » The US-Fenton process was applied under the operational conditions: pH = 3.0, [RV5] =
20 4 .': 0.28 mM, [H,0,] = 4.0 mM, [Fe2+] = 0.15 mM, P =500 W, A = 40%, cavitation time ON 5
i s, cavitation time OFF 3s, time = 7 min (Figure 2).
P — O ST » The results shows that application of US and US + H202 were insufficient to generate a
0 gt Wl 1 high amount of HOe radicals, thus explaining the low removal efficiency.
: : : ————— — » The application of US-Fenton reached 95.7% RV5 removal, similar to the UV-A-Fenton.

0 1 1 2 3 4 5 , 6 7 g8 » The results obtained by Fenton, UV-A-Fenton and US-Fenton were fitted into a pseudo
first-order kinetic rate (In([RV5]t = -kt + In[RV5]0). The results showed that application of
UV-A and US radiation increased significantly the kinetic rate of RV5 removal (Table 1).
Having an effective process is not sufficient, it must also be cost effective, therefore the
electric energy per order and the specific applied energy were evaluated .

» The results showed that although US-Fenton has the highest kinetic rate, the energy
consumption is higher, mainly, due to the power of the reactor which is higher than the
UV-A reactor. By applying the cost of electricity in Portugal (0.08 € kWh-1) it was
observed that US-Fenton is more expensive than UV-A-Fenton.

Time (min)
Figure 2. RV5 removal by application of US, US + H,0,,
UV-A-Fenton and US-Fenton.



Conclusions

Based in the results, it is concluded:

. (1) An initial assessment shows that RV5 is very hard to degrade and only Fenton
and UV-A-Fenton shows the highest efficiency with 95.5 and 86.6%, respectively

(2) The US-Fenton is concluded to be an efficient system with 95.7% RV5
removal.

(3) It is concluded that although US-Fenton achieves higher kinetic rate in RV5
8 ¥ degradation, it is more expensive that UV-A-Fenton
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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
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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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