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WELCOME

1. Welcome

Welcome to the Symposium on Chemical and Biological Engineering within the 5t Doctoral
Congress in Engineering — DCE23 held on the 15% and 16 of July in Porto, at the Faculty of
Engineering of the University of Porto (FEUP). The Organizing Committee for this Symposium
was composed by students of the Doctoral Program in Chemical and Biological Engineering
(PDEQB).

The Symposium on Chemical and Biological Engineering received in total 65 submissions. Out
of these, and after a revision by the Scientific Committee, 32 proceeded to oral presentation
and 30 for poster. There were 3 authors who, after submitting their abstracts, withdrew from
participating in the Symposium. Besides the Oral Communications and Posters Sessions, the
Symposium’s Program also included one Invited Speaker, who has graduated from this
Doctoral Program and now works in the industry. The speaker shared his experience and
showed the versatility of Chemical and Biological Engineering.

Finally, all the presented works were contemplated to win the prizes of Best Oral Presentation
and Best Poster. We acknowledge the Invited Speaker and all authors for their contributions,
the prestigious Scientific Committee, the attendees and the financing companies and
institutions for their support. We hope that the DCE will foster new connections, inspire novel
ideas, and open the way for future advancements.

Porto, June 2023

Symposium on Chemical and Biological Engineering Organizing Committee
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Abstract

Different emerging organic pollutants recalcitrant to conventional water treatment
methods have been detected in watercourses at high concentrations in the recent years.
R&D in catalytic ozonation has been reporting promising solutions; however, most of the
used catalysts are applied in powder form. Looking forward to the introduction of these
materials in the industry, their scale-up and handling are the major difficulties. Additive
manufacturing (3D printing) can surpass the mentioned limitations. In this study
macrostructured catalysts (MSCs) were developed, using multiwalled carbon nanotubes
(MWCNTSs) and different ‘green’ binders. The obtained results suggested that sodium
carboxymethyl cellulose (CMC) is the most promising binder that guarantees a feasible
mechanical strength, and thermal treatments improved the catalytic properties of the
MSCs.

Author Keywords. Additive manufacturing, carbon materials, heterogeneous catalysis,
ozonation

1. Introduction

Water pollution is a persistent issue nowadays and therefore deserves R&D in the search for solutions
to mitigate it to avoid a future with the scarcity of water fit for consumption. Organic pollutants
dissolved in water are compounds detected at hazardous concentrations; the major concern is that
conventional water treatment processes cannot efficiently remove them (Gorito et al. 2017).
Ozonation is a technology for removing organic pollutants in water, but it is insufficient to achieve
efficient results. Heterogeneous catalytic ozonation is one of the most attractive alternatives because
it can enhance the removal of highly refractory compounds (Soares et al. 2015). Carbon catalysts, such
as multiwalled carbon nanotubes (MWCNTSs), have been studied for heterogenous catalytic ozonation,
and promising results have been reported (Rocha et al. 2011; Soares et al. 2015); however, most of
these catalysts are used in powder form and suspended in a liquid phase or maintained in a fixed bed.
Both approaches are not easy to scale-up and handle in industrial environments. Additive
manufacturing, also known as 3D printing, in catalysis has been the target of several studies because
it allows transforming powder catalysts into 3D macro structured catalysts (MSCs) that are adaptable
for different operation conditions, easy to manipulate, and optimize the processes of mass transfer
(Zhu et al. 2021). In this study, MSCs of MWCNTSs through direct writing printing, one of the simplest
techniques of 3D printing, were developed. Various ‘green’ binders at different concentrations were
studied in the development of the printing inks. The catalytic performance was evaluated in a semi-
batch reactor for oxalic acid catalytic ozonation in the liquid phase.

2. Materials and Methods

Commercial MWCNTs (Nanocyl, 90% puriss) were used as catalysts, carboxymethyl cellulose (CMC,
VWR) and sodium alginate (ALG, CABOT) were used as ‘green’ binders and deionized water was used
as a solvent to prepare the printing inks. Firstly, the MWCNTs were mixed with each binder at different
mass ratios (5:1 and 1:1) using a ball-milling apparatus at 10 Hz during 30 min for 5:1 samples and 10
Hz during 60 min for 1:1 samples. Then, the resulting mixtures were wetted drop by drop and stirred
until a workable rheology for printing was obtained (printing ink). MSCs pellets were developed by
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direct ink writing (Ultimaker 2+ 3D-printer with an extrusion system, Discov3ry), putting the prepared
inks into a syringe, and the printing process was carried out by applying controlled pressure. Thermal
treatments were also performed to enhance the catalytic activity of the MSCs due to the possible
blockage of the active sites by the presence of the binders. Two different temperatures were studied,
considering thermogravimetric (TG) analysis of CMC and ALG: 250 °C and 500 °C for 1 h with a heating
rate of 1 °C min. The MSCs were named with the following code: MWCNT_XY_Z, wherein X is 20 or
50 corresponding to the mass fraction of binder, Y is CMC or ALG, and Z is 250 °C or 500 °C. The MSCs
were also characterized to determine their textural properties (specific surface area) through N,
physisorption at-196 °C, TG analysis to assess the thermal stability in an inert and oxidizing atmosphere
at 900 °C and scanning electron microscopy/energy dispersive spectroscopy (SEM-EDS, FEI Quanta 400
FEG ESEM / EDAX Genesis X4M) to evaluate the MSCs morphology. For SEM-EDS analysis, the samples
were coated with an Au/Pd thin film by sputtering using the SPI Module Sputter Coater equipment.

3. Discussion

The MSCs were mechanically stable independently of the type and concentration of binder.
Nonetheless, CMC provided higher flexibility than ALG, whose structures collapsed when some light
pressure was applied. It was also observed that higher concentrations of binder offered higher
mechanical strength. The MSCs showed some decreases in the specific surface area, as expected due
to the presence of the binders when compared with commercial MWCNTs (255 m? g1). For example,
MWCNT_20CMC showed a specific surface area of 148 m? g* and MWCNT_50CMC < 5 m? g! (below
the detection limit). The TG analysis showed high loss mass near 250 °C for both binders; therefore,
the applied thermal treatments at 250 °C permitted an enhancement of the specific surface area, for
example, MWCNT_20CMC_250 obtained 136 m? g and MWCNT_50CMC_250 51 m2 g'. These results
demonstrated that not all binder was degraded, but the thermal treatments at 500 °C permitted higher
degradation; MWCNT_20CMC_500 showed a specific surface area of 190 m? g! and
MWCNT_50CMC_500 showed 126 m? g!. SEM analysis did not show differences due to the
concentration and type of binder; however, differences were observed in MSCs after thermal
treatment. The MSCs thermal treated at 250 °C showed cleaner surfaces due to the binder
degradation, but at 500 °C, some crystallized structures were observed, as shown in Figure 1. SEM-EDS
suggested that these structures are sodium (present in both binders) that have undergone a
crystallization transition phenomenon at 500 °C.

The catalytic tests demonstrated that single ozonation (homogenous catalysis) of oxalic acid achieved
a removal efficiency of 16% after 60 min of reaction, but using MSCs, higher removal efficiency values
were obtained. Differences between the type of binder were observed in the catalytic performance of
MSCs, in which CMC did not affect the results as negatively as ALG. As expected, the increase in binder
concentration also negatively affected the catalytic performance. Furthermore, MWCNT_50CMC
collapsed into powder during the reaction, demonstrating an unstable MSC. The thermal treated MSCs
obtained the best results, and the most promising was MWCNT_20CMC_250, with a removal efficiency
of 43% at 60 min of reaction and stable structures during the reaction.

4. Conclusions

Advances in the development of MSCs for water treatment were obtained in this work using
commercial MWCNTSs for oxalic acid heterogeneous catalytic ozonation. Two ‘green’ binders were
used to prepare printing inks; however, the 3D-printed MSCs with CMC demonstrated higher
mechanical strength and flexibility than with ALG. The presence of the binder decreased the specific
surface area, but thermal treatments at 250 °C and 500 °C, considering TG analysis, permitted the
degradation of the binder and consequently increased the specific surface area. This resulted in better
catalytic performance, highlighting the MSCs MWCNT_20CMC_250 obtained a removal efficiency of
43% at 60 min of reaction (single ozonation achieved 16%).
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Figure 1: SEM-EDS analysis at a magnification of 50000x of MWCNT_20CMC_500
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Abstract

The presence of antineoplastic drugs in surface waters has been a topic of concern, since
most of these pharmaceuticals are classified as hazardous agents by the National
Institute for Occupational Safety and Health. As single treatments, nanofiltration (NF) and
ozone (0s3)-based processes are not able to fully remove a pre-selected group of these
compounds from wastewaters. Therefore, this work aims to study the combination of
both technologies to produce a water stream suitable for human drinking purposes.
NF+0s3, NF+03/H,0, and NF+03/H,0,/UV were tested in a pilot-scale system (for
nanofiltration experiments) and in a continuous-flow mode column (for Os-based
processes). Nanofiltration combined with O; and H,0, was the most promising
technology, removing all the target pharmaceuticals at an extent >98% from wastewater.
The applicability of the clean water for drinking water purposes was corroborated by a
risk assessment, where no risk was predicted neither for adults nor for children.

Author Keywords. cytotoxics, toxicity, emerging contaminants, nanofiltration,
wastewater effluent, ozonation, drinking water.

1. Introduction

Cancer disease has been rising over the years and the World Health Organization expects an increase
in worldwide cancer incidence that can rise from 19.3 M in 2020 to 30.2 M in 2040 (WHO 2021).
Antineoplastic drugs are pharmaceuticals used in chemotherapy, which are then excreted by the
patients and consequently released into the sewage systems. Since conventional treatments currently
applied in wastewater treatment plants (WWTPs) are not effective for some of the antineoplastic
drugs’ removal (Luo et al. 2014), they end up being discharged into surface waters, potentially reaching
aquatic organisms. Hence, to avoid the health concerns associated with exposure to these hazardous
agents, effective treatment technologies to remove antineoplastic drugs should be tested using real
wastewater effluents.

Membrane-based systems, like nanofiltration (NF), have recently attracted attention as a promising
option for the removal of pharmaceuticals from wastewaters. Ozonation has also been considered an
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interesting solution for the removal of pharmaceuticals due to its high oxidative potential and
inexistence of a retentate requiring additional treatment (Gorito et al. 2021). However, if total removal
of harmful compounds and toxicity is the goal, each technology applied alone may not be able to
comply with that.

In this study, the performance of NF and O; alone and, for the first time, their combination was
assessed for the degradation of ten antineoplastic drugs (bicalutamide, capecitabine,
cyclophosphamide, flutamide, ifosfamide, megestrol, mycophenolate mofetil, mycophenolic acid,
paclitaxel, and tamoxifen) and prednisone from real wastewaters. For the combined treatment, a NF
permeate stream prevenient from a pilot-scale unit was used as feed for Os-based processes (O3,
03/H,0, and 03/H,0,/UV). Additionally, considering the clean water potential for direct reuse as
drinking water, the effects of the residual pharmaceuticals on human health were estimated by
comparing the human exposure through ingestion over a lifetime with each pharmaceutical permitted
daily doses (PDE), according to a previously published work (Gouveia et al. 2022).

2. Materials and Methods

Using real effluents from a secondary treatment of an urban WWTP, three experiments were
conducted in a pilot-scale NF unit. In the NF system (model DK4040F30, Suez membranes, Lenntech,
Delfgauw, Netherlands), a spiral wound Desal 5DK module was used. Details regarding the NF
experiments can be found elsewhere (Cristovao et al. (2022). Following the NF tests, the NF permeate
was collected and examined prior to being processed by Os3-based processes.

Os-based degradation experiments (O3, O3/H,0>, and 03/H,0,/UV) were carried out in a flow-through
glass bubble column reactor in continuous operation. The collected matrices were fed at the bottom
of the reactor by using a peristaltic pump (Watson-Marlow, UK) and collected after treatment at the
outlet stream located at the top of the reactor. More information regarding the ozonation equipment
can be found elsewhere (Gorito et al. (2021). In the tests involving hydrogen peroxide (H20,), this
oxidant was immediately added as a single pulse to the spiked matrices under agitation, and the
dosage of H,0, was chosen in accordance with the stoichiometric amount with respect to matrix
dissolved organic carbon (DOC) content. The effluents were pumped to the reactor at flow rate of 32
mL/min, for a hydraulic retention time of 10 min. After 30 minutes, treated samples were withdrawn
after ensuring the steady state had been reached. To quench the reactions for extraction, 5 g/L of
ascorbic acid was added to the collected samples (Wang et al. 2020). Inlet Os concentrations of 2.4
mg/L and 6.6 mg/L in the liquid phase after stabilization were used to treat NF permeate and WWTP
effluents, respectively, which corresponds to an O3 specific dose (gos/gpoc) of 0.4.

3. Discussion
NF treatment is incapable of completely remove all target pharmaceuticals or eliminating effluent
toxicity. Although Os-based processes showed better results than NF, mycophenolic acid was only
degraded up to 61% for the three Os-based treatments studied. Because the primary application
defined for clean water from NF systems is human consumption, and in accordance with the "as low
as reasonably achievable" principle, complete removal of antineoplastic drugs from water would be
required. Among the combinations tested (NF+0s;, NF+03/H,0, and NF+0s/H,0,/UV), NF+03/H,0,
showed to be the best option, leading to the complete removal of the target drugs (>98%), being
therefore not found in the treated water.
The remarkable efficacy of combining both strategies in the mineralization of the organic matter
present in the wastewater is confirmed by the DOC abatement, which is around 92% from the WWTP
effluent to the resulting clean water.
A human exposure to the target pharmaceuticals was evaluated by taking into account long-term use
of drinking water produced from WWTP secondary effluents treated by the combined technology
(NF+03/H,0;). It can be concluded the suggested treatment technique may be suitable for the
production of drinking water from WWTP secondary effluents, since no risk from long-term ingestion
of clean water by either children or adults was foreseen regarding the presence of the target
compounds.

| 14



4. Conclusions

It was demonstrated that NF and Os-based processes alone were not capable of completely remove all
the target compounds from wastewaters. Since the main application defined for the clean water was
human consumption, specifically drinking water purposes, a complete elimination of the target
pharmaceuticals is needed and thus, none of these techniques itself would be the best option. Hence,
the combination of NF with Os-based processes (NF+0s, NF+03/H,0, and NF+03/H,0,/UV) was studied
to increase the removal of the target compounds from WWTP secondary effluents.

When H,0, and UV were coupled with O3, all the pharmaceuticals were eliminated at >98%. As a result,
it was determined that Os/H,0, was the best treatment to couple to NF in order to produce water
meant for human consumption. An estimate of human exposure to the investigated pharmaceuticals
through clean water consumption during a lifetime was made, and neither an adult risk nor a children
risk was identified. Still, the possible presence of other hazardous compounds in wastewaters and the
potential formation of by-products should be carefully considered.
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Abstract

Microalgae bio-oil is a renewable source and has great potential for the production of
aviation fuel, contributing to the reduction of climate impacts. However, deoxygenation
reactions are necessary to improve some of its physicochemical properties for its direct
application as jet fuel. In this context, this work aims to define the optimal reaction
parameters using a commercial catalyst (Co-Mo/Al,0s) to investigate the deoxygenation
of a model bio-oil compound (palmitic acid). In the experiments performed, the best
temperature and stirring rate were 350 °C and 150 rpm, respectively, achieving a 79 %
conversion of palmitic acid and 67 % yield of hexadecane. The results also showed that
the deoxygenation of the fatty acid occurs by hydrodeoxygenation.

Author Keywords. Palmitic Acid, Aviation Fuel, Reaction Optimization, Co-Mo/Al,QOs,
Hydrodeoxygenation

1. Introduction

Aviation has experienced a huge market expansion in the last two decades, being one of the most
important global economic activities in the modern world. However, it contributes to the growth of
greenhouse gases emissions and other pollutants as a result of the combustion of petrochemical-based
aviation fuel (Lai et al. 2022). Moreover, the depletion of fossil resources and the limited access to
them have raised the prices of the final products, further contributing to the investment in alternative
fuels (Londofio-Pulgarin et al. 2021).

Thus, the use of low carbon emission fuels is the only pragmatic way to meet the goals of CO, emission
reduction targets and accelerate the pace of decarbonizing the aviation sector (Wang et al. 2019;
Londofio-Pulgarin et al. 2021).

Microalgae biomass stands out as a renewable source due to its high lipid content in fatty acids (Cia-
C22) and carbon number in the same range of aviation-fuel (Cs-Ci¢). Therefore, this feedstock has the
potential to provide a bio-jet fuel using different emerging technologies (O’Neil, Knothe, and Reddy
2019). Currently, the production of bio-oil from microalgae by hydrothermal liquefaction (HTL) is the
most promising path to obtain liquid hydrocarbons. However, its direct application as a fuel is
hampered by the poor physical-chemical properties due to the presence of oxygenated compounds
(Karatzos et al. 2017). In this context, it is crucial to develop systems to enhance the bio-oil physical-
chemical properties allowing its use as a jet fuel. Catalytic systems for heteroatom removal are
commonly found in the petrochemical industry in hydrotreatment units. Although those are well-
establish processes, there is still a lack of studies evaluating the optimal reaction conditions for the
bio-oil deoxygenation. In this context, this work aims to define the optimal reaction parameters
required to make microalgae bio-oil suitable for use as aviation fuel.
2. Materials and Methods

Catalytic reactions were carried out in a stainless batch reactor with 100 mL (Parr Instruments, USA
Mod 4590), using the commercial catalyst Co-Mo/Al,O3. Palmitic acid (Ci6H320,), a microalgae model
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compound, was used as substrate diluted in 50 mL of n-decane. The influence of the experimental
conditions was evaluated by varying the temperature (220 — 370 °C), the hydrogen pressure (20 — 60
bar), the reaction time (0.5 — 6 h), the stirring rate (150 — 700 rpm), the catalyst load (0.1 - 0.4 g) and
the palmitic acid concentration (5 — 15 g L'). The final liquid phase products were analyzed by a Dani
GC-FID (model 1000) using a column TRB-5-RTX (30 m x 0.25 mm, 0.25 um). Conversion of palmitic
acid and yield of products were calculated as follows (Formulas 1 and 2, respectively):

moles of converted palmitic acid

Conversion of palmitic acid = ( ) X 100 % (1)

moles of initial palmitic acid

Yield = ( moles of products ) % 100 % (2)

moles of initial palmitic acid

3. Discussion

The effect of the temperature was assessed, and the results are depicted in Figure 1. It was noted that
palmitic acid starts converting into products from 260 °C, reaching a maximum conversion of 76 % at
350 °C. At this temperature, the highest hexadecane yield of 62 % was observed, and a small amount
of pentadecane was also formed (yield 0.3 %). The results indicate that the deoxygenation followed
mostly the hydrodeoxygenation route by the formation of the alkane corresponding to the carbon
number of the fatty acid and water.

100

60 4

40 A OcConversion

@ Hexadecane
20 A

Conversion or hexadecane yield
(%)

220 260 300 325 350 370
Temperature (°C)

Figure 1: Influence of the temperature on the conversion of palmitic acid and yield of
hexadecane after 4 h of reaction. Reaction conditions: 40 bar of H,, 300 rpm, 0.25 g of Co-
Mo/Al,03 and 10 g L' of palmitic acid in 50 mL of n-decane.

The effect of the stirring rate was also investigated over the same conditions at 350 °C. It was observed
that experiments performed above 150 rpm have no mass transfer limitations, so that, this stirring
rate was chosen to continue the study. Under these conditions, the hexadecane yield was 67 % and
the conversion was 79 %. The effect of the remaining parameters described in section 2 is still being
investigated.

4. Conclusions

The effect of temperature and stirring rate were evaluated for the deoxygenation reaction of palmitic
acid. Under the best conditions found so far, a maximum conversion of 79 % palmitic acid was obtained
with ayield of 67 % in hexadecane. The results also showed that deoxygenation of the substrate occurs
via hydrodeoxygenation. However, the evaluation of the effects of the other reaction parameters is
still under evaluation.
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Abstract

The separation of dihydroxyacetone from the main glycerol oxidation products was
experimentally validated using a cascade of two Simulated Moving Bed (SMB) units, the
FlexSMB-LSRE®, using water and 5mM H,S04 aqueous solution as eluent and a strong
cation exchange resin as stationary phase. DHA was separated with 98.6% of purity, and
the cascade showed a global productivity of 21.7 kgpua (m3agsorbent day)™* and an eluent
consumption of 5.7 m3uent kgonal. An SMB model was validated using kinetic and
equilibrium data from the fixed-bed column and SMB experimental data.

Author Keywords. Dihydroxyacetone Separation, Glycerol Valorization, Single-Cascade
SMB, Strong Acid Cation Exchange Resins
1. Introduction

Glycerol (GLY), the main reaction by-product of the biodiesel industry, may be valorized by several
well-known routes such as catalytic oxidation, yielding high-added-value products, including (DHA),
which has major applications in the cosmetics industry. Several works on DHA production may be
found in the literature (Katryniok et al. 2011). However, as far as we know there are no works
concerning its purification from GLY catalytic oxidation in the liquid phase.

The cosmetics industry requires DHA with a minimum purity of 97%, therefore, DHA must be separated
from the unreacted GLY and reaction by-products: oxalic acid (OXA), tartronic acid (TTA), glyceric acid
(GCA), and glycolic acid (GCO). Adsorption isotherms of GLY and its oxidation products were
determined at 293 K on a commercial polystyrene-divinylbenzene ion-exchange resin functionalized
with sulfonic groups, the Dowex® 50WX-2 resin, in H* form. All species presented a linear adsorption
isotherm (except OXA, the least retained compound), with DHA and GLY being the most retained
species. Adsorption isotherms of GLY and DHA in the Dowex® 50WX-2 resin in Ca* form were
determined at 293 K, showing linear adsorption isotherm, with DHA being the most retained
compound (M. Walgode et al. 2021).

Owing to the low separation selectivity of DHA from GLY in the resin in H* form, (¢ = 1.04), compared
with the one in Ca%* form (a = 1.28), a DHA purification process on a cascade of two Simulated Moving
Bed (SMB) units is herein proposed. DHA will be separated from the organic acids on an SMB packed
with the resin in H* form (SMB-H*), being collected in the extract stream together with part of the GLY,
which will be fed to a second SMB packed with the resin in Ca?* form (SMB-Ca?*) to separate DHA from
GLY. The process was implemented on the gPROMS model builder V7.0.7 (PSE, UK) and experimentally
performed on the FlexSMB-LSRE® with six fixed-bed columns (10 x 2 cm, 1-2-2-1 configuration) to
separate the solution from the aerobic oxidation of a 1 M GLY aqueous solution with a commercial
catalyst, Bi-doped Pt nanoparticles supported in activated carbon, in a semi-batch reactor (M. Walgode
et al. 2021).
2. Materials and Methods

The columns were packed with resin and characterized by pulse injections of a tracer into the columns
previously equilibrated in the eluent. A fixed-bed column model assuming axially dispersed plug flow
model to describe the fluid flow and linear driving force for the mass transfer between the liquid and
the solid, isothermal operation, homogeneous spherical particles with uniform size, constant fluid
velocity, bed porosity, and bed length, and no bed radial gradients was implemented in the gPROMS
software and validated using single and multi-component breakthrough experiments data (M.

| 19



Walgode et al. 2021). The model was extended to the SMB process, accounting the tubes, dead
volumes, column filters, manifolds, and time switch delays of the FlexSMB-LSRE® unit, described
elsewhere (Rodrigues 2015).

For each SMB, the regeneration region y;, ¥, was obtained by applying a safety factor of 15% to the
y]-* (liquid and solid flow rate ratio in each SMB section) given by the equilibrium theory, while the
separation region was obtained by running the FlexSMB-LSRE® model for different y;;, vy, values,
considering a minimum extract purity and DHA recovery in the extract stream.
The solution with the composition: 1.2 goxa L%, 12.9 grra L, 8.2 geea LY, 6.9 geco L, 22.0 gay L, and
29.8 gona L' was fed to the SMB-H* and 5mM H,SO. aqueous solution as used as eluent. The flow rate
of the inlet and outlet streams was measured at every SMB cycle, and the raffinate and extract streams
were analyzed by HPLC. When the species’ average concentration in both raffinate and extract streams
did not change more than 5% during five successive cycles, cyclic steady state (CSS) conditions were
reached. At this point, internal concentration profiles were obtained at 25%, 50%, and 75% of the t*.
The extract stream of the SMB-H* was fed to the SMB-Ca?* to separate DHA from GLY, using water as
the eluent.

3. Discussion
The columns showed an average € of 0.37 and an average Peclet number of 600. For the separation in
the SMB-H*, a minimum DHA recovery in the extract of 85% and an extract purity on a GLY-free basis
of 97% were defined. The operation point y; = 2.88, y;; = 2.44, y;;; = 2.47, y;y =141 and a t* of 1.5
min were defined. The unit reached CSS conditions after 30 cycles (Figure 2 right). The internal
concentration profiles at CSS were represented in Figure 2 left).
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Figure 2. Left) SMB-H* internal concentration profiles at CSS conditions.

Right) Species’ average concentration in the extract stream during the SMB-H* run.

DHA recovery in the extract stream was 87.0% and the extract purity on GLY free basis was 96.8. The
species’ average concentration in the extract stream was 1.82 g L of DHA and 0.58 g L of GLY, and
the main contaminant was GCO (0.06 g L?, 2.3%), see Figure 2 right.

The extract stream from the SMB-H* was fed to the SMB-Ca?*. A minimum DHA recovery in the extract
stream of 90% and an extract purity of 97% were considered for the separation region. The operation
point ¥/ =3.31, y;; = 2.59, y;j; = 2.81, y;y = 2.07 and a t* of 2 min were defined. CSS conditions were
achieved after 30 cycles (see Figure 3 right) and the internal concentration profiles at CSS were
represented in Figure 3 left. with a DHA recovery in the extract stream of 89.0% and an extract purity
of 98.6% and the species average concentration in the extract stream was 0.50 g L* of DHAand 0.01 g
L™ of GLY.
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Figure 3. Left) SMB-Ca?* internal concentration profiles at CSS conditions. Right) Species’ average concentration in the extract
stream during the SMB-Ca?* run.

The model fitted well both the internal concentration profiles and the species’ concentration in the
outlet streams of both SMB experiments. The two-SMB cascade produced DHA with 98.6% of purity,
and the cascade showed a global productivity of 21.7 kgpua (m3.as day)™ and an eluent consumption of
5.7 m3ad5 ngHA—l.

4. Conclusions

The purification of DHA from the reactional mixture obtained during GLY aerobic oxidation with Pt-
based catalysts was experimentally demonstrated on a lab-scale SMB unit, the FlexSMB-LSRE®. The
FlexSMB model was validated together with the kinetic and equilibrium data previously obtained on
the fixed-bed column.

References

Katryniok, Benjamin, Hiroshi Kimura, Elzbieta Skrzynska, Jean-Sébastien Girardon, Pascal Fongarland, Mickaél Capron,
Rémy Ducoulombier, Naoki Mimura, Sebastien Paul, and Franck Dumeignil. 2011. "Selective catalytic oxidation of
glycerol: perspectives for high value chemicals." Green Chemistry 13 (8): 1960-1979.

M. Walgode, Pedro, Lucas C D. Coelho, Rui P V. Faria, and Alirio E. Rodrigues. 2021. "Dihydroxyacetone Production:
From Glycerol Catalytic Oxidation with Commercial Catalysts to Chromatographic Separation." Industrial &
Engineering Chemistry Research.

Rodrigues, Alirio. 2015. Simulated moving bed technology: principles, design and process applications. 1st Edition ed.,
edited by Elsevier. Amsterdam: Butterworth-Heinemann.

Acknowledgments
This work was financially supported by LA/P/0045/2020 (ALICE), UIDB/50020/2020, and
UIDP/50020/2020 (LSRE-LCM), funded by national funds through FCT/MCTES (PIDDAC). It was also
financed by a doctoral grant from FCT (SFRH/BD/143916/2019).

| 21



The photo-Fenton process for the treatment of wastewater from olive oil

extraction industry

Marlei V. dos Santos?, Thais T. Grabowski2, Ramiro E. J. Martins234*
1postgraduate Program of Environment and Sustainable Technologies, Federal University of
Fronteira Sul, Av. Jacob Reinaldo Haupenthal, 1580, 97900-000, Cerro Largo, RS, Brazil.
2Technology and Management School, Polytechnic Institute of Braganga, Campus de Santa
Apoldnia, 5300-252, Braganga, Portugal.
3| SRE-LCM Laboratory of Separation and Reaction Engineering-Laboratory of Catalysis and
Materials, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465, Porto,
Portugal.
4ALICE - Associate Laboratory in Chemical Engineering, FEUP, Porto, Portugal.
*Corresponding author: e-mail address: rmartins@ipb.pt; ORCID ID 0000-0003-4327-7782.

Abstract

The olive oil industry in Europe is well-established, but the extraction of olive pomace
generates a highly polluted effluent due to waste leaching and processing in the
extraction units. To address this issue, this study aimed to treat the resulting pollutant
effluent, known as olive oil extraction industry wastewater, using the photo-Fenton
process. To optimize the process efficiency in removing organic matter (COD) and
phenolic compounds (TPh), response surface methodology with Box-Behnken design was
used. The variables considered were iron catalyst concentration, oxidant concentration,
and UV irradiation time. The optimal conditions were determined to be [Fe?*] =3 g L?,
[H20,] = 23 g L%, and a photo reaction time of 60 min. The optimized process achieved
removals of 93% (TPh) and 26% (COD) in the diluted sample (1:10) and 90% (TPh) and
39% (COD) in the raw sample.

Author Keywords. Olive oil extraction industry wastewater, Box—Behnken design, photo-
Fenton, total phenolic compounds.

1. Introduction

The olive oil industry generates liquid and solid waste containing toxic phenolic compounds and high
organic loads (Martins, Pietrobelli, and Mazur 2022). Advanced Oxidation Processes (AOPs), including
Fenton and photo-Fenton, are recognized for their effectiveness in treating wastewater with high
phenolic content (Domingues et al. 2022). The study aims to optimize the photo-Fenton process for
treating wastewater from the olive oil extraction industry, using response surface methodology to
determine optimal dosages of iron and hydrogen peroxide and photo-reaction time.

2. Materials and Methods

The photoreactor used had a total capacity of 0.7 L, and the olive oil extraction industry wastewater
(OOEIW) sample was diluted 1:10 and adjusted to a pH of 3.5. The flow rate was maintained at 20 mL
min?t at predetermined times, and the treated samples were adjusted to a pH of 9.5 after the
photoreaction time. The obtained results were averaged from at least two experiments.
The OOEIW has pH of 4.85, 6.6 g L' of total phenolic compounds (TPh), 85 g O, L of chemical oxygen
demand (COD), 12 g O, L of biochemical oxygen demand, and 62 g L™ of total solids.

3. Discussion
The study used a Box-Behnken design (BBD) to reduce the number of experimental trials while
maintaining accuracy. The variables considered were H,0, dosage, Fe?* concentration, and reaction
time, with TPh and COD removal as dependent variables. A second-order polynomial equation was
used to fit the data, and ANOVA and regression surface analysis were used to determine the statistical
significance of the model factors and responses. Table 1 shows the results obtained from the present
experimental design.
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Trial Coded level of variable Decoded level of variable Removal (%)

X1 X2 X3 H20:3%(gL?) Fe?*®(g L) t(min) TPh coD
1 -1 -1 0 10 1.5 60 53 9.7
2 1 -1 0 30 1.5 60 72 13
3 -1 1 0 10 4.5 60 55 8.7
4 1 1 0 30 4.5 60 81 19
5 -1 0 -1 10 3 30 41 7.7
6 1 0 -1 30 3 30 78 19
7 -1 0 10 3 90 60 15
8 1 0 30 3 90 89 19
9 0 -1 -1 20 1.5 30 73 11
10 0 1 -1 20 4.5 30 80 22
11 0 -1 1 20 1.5 90 83 14
12 0 1 1 20 4.5 90 60 16
13 0 0 0 20 3 60 77 18
14 0 0 0 20 3 60 77 15
15 0 0 0 20 3 60 77 16

28 oxidant LY Effluent, bg catalyst L Effiuent
Table 1: Results of TPh and COD removal (%) from olive oil extraction industry wastewater submitted to
photo-Fenton (diluted sample 1:10).

Table 1 shows the reduction in TPh ranged from 41 - 89%, while COD showed removals of 7.7 - 22%.
From the analyzes performed, it was found that for the removal of TPh, only the variable X1 [H.0,] has
statistical significance (tvaie > 1.5) and for the COD reduction, both the X1 [H,0,] and X2 [Fe?*] variables
were significant. It was observed that X3 (photo reaction time) has no significant influence on the
process used to remove TPh and COD, under the proposed conditions of the study.

The study of iron and hydrogen peroxide dosage is important in the Fenton reaction, which involves
the decomposition of hydrogen peroxide into OH radicals in the presence of iron ions to degrade
organic matter (Ertugay and Acar 2017). The amount of hydrogen peroxide required to treat an
effluent increase with the organic load, but excessive hydrogen peroxide load can negatively impact
organic pollutant degradation by enhancing the scavenging effect of OH radical by H,0, (Ertugay and
Acar 2017). The formation of stable organic Fe3*- complexes can limit the yield of organic pollutant
mineralization, but this can be overcome by using UV irradiation to degrade the complexes (Malato et
al. 2009). Increasing the amount of H,0, increases TPh and COD removal, while increasing the
concentration of Fe?* increases COD removal until reaching an optimal point. Excessive iron can make
the solution opaque, reducing light penetration, and hindering Fe3* regeneration, decreasing the rate
of degradation (Bhatkhande et al. 2004). As the dosage of H,0. increases, there is a significant
improvement in the removal efficiency of TPh, while the impact on COD removal is smaller. However,
once an optimal concentration of H.O, is achieved, further increases can lead to a decrease in COD
removal due to the scavenging effect of H,O, and the formation of HO; radicals (Ertugay and Acar
2017).

The study found that the best operational conditions for the photo-Fenton treatment of OOIEW were
60 min of treatment time, 23 g H,0, L oxidant dosage, and 3 g Fe?* ! catalyst dosage. Using these
conditions, the removal efficiencies of TPh and COD were 93% and 26%, respectively. In a subsequent
experiment using the raw sample with these optimal conditions, the removal efficiencies of TPh and
COD were 90% and 39%, respectively. The high efficiency of the photo-Fenton process in removing TPh
was particularly noteworthy, as TPh is a significant pollutant in OOIEW due to its toxicity.
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4. Conclusions

OOEIW is a wastewater hard to treat, with a high organic load and high toxicity. Through the

experiments carried out it was possible to verify a high efficiency of the photo-Fenton process applied

to the removal of TPh, with a removal of up to 90%. However, for COD, removals reached only 39%.
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Abstract

Carbon dioxide (CO,), a greenhouse gas, is a product of fossil fuel combustion,
contributing to global warming. It is urgent to develop processes capable of decreasing
CO, emissions. The Reverse Water-Gas Shift reaction (RWGS) converts CO, to CO, which
mixed with H, forms syngas, the feedstock for most chemicals and synthetic fuels
production. In this work Cu-based catalysts supported on pristine CNT and on composites
of pristine and functionalized CNT:ZnO were developed and characterized for the RWGS
reaction. The RWGS catalytic experiments were conducted between 100-600 °C and at 1
bar (GHSV = 60 000 cm? g™t h~1). The catalysts supported on pristine CNT achieved a CO,
conversion of 17.6% whereas the catalyst supported on a composite of CNT:ZnO obtained
a CO, conversion of 49.0%. N-doping CNT’s surface enhanced CO, conversion up to
54.8%, with the catalyst stable for 93 h. All catalysts developed were 100% selective to
co.

Author Keywords. Reverse Water-Gas Shift reaction, CO, conversion, Carbon Nanotubes,
metal oxides, Cu-based Catalyst.

1. Introduction
Carbon dioxide (CO,) is one of the main products of fossil fuel combustion, and a greenhouse gas,
contributing to global warming. Climate change is one of the world's most serious problems therefore,
finding ways to reduce CO; emissions is critical (Din et al. 2019). The Reverse Water-Gas Shift (RWGS)
reaction ((1), an endothermic reaction, has drawn interest from researchers as a route to reduce
harmful CO, emissions. This reaction converts CO, into carbon monoxide (CO), which mixed with
hydrogen (H;) forms syngas, the feedstock of important chemical processes, such as Fischer-Tropsch
synthesis (Chen et al. 2020).

CO, + H, & CO + H,0 (1)

Cu-based catalysts are the most used catalysts as they achieve excellent CO, conversion and CO
selectivity and are less expensive than most metals (Liu et al. 2022). Nevertheless, Cu-based catalysts
are susceptible to deactivation by sintering or reoxidation, at the high temperatures needed to achieve
a good catalytic performance for the RWGS reaction (Chou, Loiland, and Lobo 2019). The most used
catalysts’ supports consist of metal oxides as they improve the activation of CO, on the surface of the
catalyst and the active phase dispersion (Chen et al. 2020). Carbon nanotubes (CNT) have emerged as
possible supports since they have a high specific surface area (providing better active phase dispersion)
and a great resistance to structure changes by high temperatures, are less expensive than metal oxides
and, it is possible to modify their surface by replacing some carbon atoms with other heteroatoms
(e.g., N) (Serp and Figueiredo 2009).
In this work, Cu-based catalysts supported on pristine CNT, CNT:ZnO composite and N-doped CNT:ZnO
composites were developed, characterized, and tested for the RWGS reaction.

2. Materials and Methods

To synthetize the composites, CNT materials (90% wt) and ZnO (10% wt) were co-ball-milled at a
frequency of 20 vibrations per second for 30 min. To obtain N-doped CNT (CNT-N), commercial CNT
and melamine were co-ball-milled for 4 h at a frequency of 15 vibrations per second. Then, the mixture
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obtained was annealed at 600 °C for 1 h, under a N, flow. The catalysts were prepared by incipient
wetness impregnation: the support was placed under ultrasonic vibration, and a solution of copper
nitrate was added to achieve 15% wt of Cu. The samples were left under ultrasonic vibration for 90 min
and then dried overnight. The catalysts were calcinated at the reduction temperature, under a N;
flowrate. After 1 h, the gas was changed to H;, and the catalysts were reduced for 3 h.

The catalytic experiments were carried out in a Microactivity XS15 reactor (PID Eng & Tech). The
resulting gaseous products were analyzed using a GC 1000 gas chromatograph (DANI) equipped with
a thermal conductivity detector (TCD) and a GS-CarbonPLOT capillary column. He was used as carrier
gas while N, was used as internal standard. For the experiments, 100 mg of the catalyst was mixed
with SiC and placed into a fixed bed quartz reactor. The reactor was fed with CO», H,, and He (GHSV =
60000 cm®g "th™Y). A temperature ramping from 100°C to 600°C was performed to assess each
catalyst's performance at different temperatures and at 1 bar. The stability of the best catalyst was
assessed for 93 h.
The resultant catalysts and their supports were characterized by N, physisorption at -196 °C,
elemental analysis (EA), temperature programmed desorption (TPD), hydrogen temperature
programmed reduction (H.-TPR), powder X-ray diffraction analysis (XRD), X-ray photoelectron
spectroscopy (XPS), and transmission electron microscopy (TEM).

3. Discussion
Table 2 presents the catalytic results obtained for the developed catalysts. The performance of all
catalysts achieves better results at the highest temperature, 600 °C, due to the endothermic nature of
the RWGS reaction. The catalyst Cu/CNT-ZnO (90:10) surpassed the catalytic performance of the
catalysts supported on pristine materials (Cu/ZnO and Cu/CNT), achieving a Xc02=49.0%,
demonstrating the benefits of combining the properties of CNT and ZnO. Furthermore, a Cu-based
catalyst supported on N-doped CNT:ZnO composite was developed, and an even better catalytic
performance was attained with Xc0,=54.8%. The N-groups present in the CNT’s surface might enhance
CO; adsorption, improving the overall performance of the catalysts (Shareman et al. 2010). Notably,
all catalysts are 100% selective to CO and Cu/CNT-N-ZnO (90:10) presents excellent stability for 93 h.

Catalyst Xcoz (%) Sco (%)
Cu/ZnO 349 100
Cu/CNT 179 100
Cu/CNT-ZnO (90:10) 49.0 100
Cu/CNT-N-ZnO (90:10) 54.8 100

Table 2: CO, conversion and CO selectivity for the developed catalysts at 600 °C.

4. Conclusions

The main objective of this work was to assess the catalytic performance of Cu-based catalysts
supported on CNT materials for the RWGS reaction. The catalytic performance was improved by the
usage of a CNT:ZnO composite as supporting material — Cu/CNT-ZnO (90:10). Notably, it was possible
to further enhance the catalytic performance by N-doping the CNT’s surface — Cu/CNT-N-ZnO (90:10).
This functionalization treatment led to the best performing catalyst with Xco, = 54.8%, and a CO
selectivity equal to 100%, at 600 °C. Adsorption of CO, was likely improved by this treatment with the
catalytic performance achieving better results as well. Therefore, it is concluded that the catalytic
performance of the RWGS reaction may benefit from combining the properties of CNT materials and
metal oxides on composites, turning this approach an interesting toolbox for developing highly
efficient catalysts for this reaction.
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Abstract

Clean water scarcity is a topic requiring more attention. Research is being carried out
towards the development of advanced technologies for the removal of recalcitrant
contaminants present in effluents of urban wastewater treatment plants (WWTPs), such
as persistent pharmaceutical compounds. In this sense, photocatalysis and
electrocatalysis appear as alternatives that could answer the need for sustainable
wastewater treatment processes. In particular, graphitic carbon nitride (g-CsNa) is a
polymeric metal-free material that can be photo- and electro-activated and, therefore,
allows the combination of two distinct technologies. In this work, we have synthesised g-
C3N, at different temperatures and assessed the electrochemical performance of the
resulting materials. The best-performing electrocatalyst was then suspended in both
simulated and real waters to evaluate its photo-, electro- and photoelectrocatalytic
efficiency for removal of pharmaceutical compounds under different operating
conditions, from matrix composition to electrode type.

Author Keywords. water treatment, advanced oxidation processes, carbon nitride,
electrocatalysis, pharmaceuticals

1. Introduction

Clean water is one of the most esteemed resources. The widespread occurrence of organic
contaminants in aquatic environments is leading to a worse supply of potable water. Conventional
WWTPs are not capable to remove many recalcitrant organic micropollutants (MPs), such as several
pharmaceutical compounds. These substances can provoke environmental damage and also pose a
threat to human health, owing to their prevalence in waters, even in ones deemed potable for
consumption (Papagiannaki et al. 2022). In this sense, wastewater treatment technologies are being
developed in order to answer the necessities of current society. In particular, Advanced Oxidation
Processes (AOPs) are reported as effective for the removal of MPs in different water compartments.
Moreover, catalytic processes are well sought-after as they can reduce energy costs. Photocatalysis
and electrocatalysis are being more and more investigated as they can employ external energy sources
to promote oxidation reactions that lead to the full removal of MPs (Garcia-Segura and Brillas 2017).
Among the possible materials, graphitic carbon nitride (commonly referred to as g-CsN4, and herein as
GCN) is a metal-free photoelectrocatalyst capable of being activated by visible-light radiation and/or
relatively low galvanostatic polarization. This catalyst can be easily synthesised through the thermal
polymerisation of inexpensive precursors and shows a wide variety of applications, from pollutant
degradation to hydrogen generation and bacterial inactivation (Ismael 2020). This is due to the
capability of GCN to promote the formation of radical species through redox reactions in contact with
dissolved oxygen, water, or other compounds, such as inorganic ions or organic degradation by-
products (Velo-Gala et al. 2021). In this work, we have assessed different temperatures in the synthesis
of GCN and tested the resulting electrochemical performance. The best-performing catalyst was
employed for the photoelectrocatalytic removal of typical pharmaceutical compounds found in urban
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wastewaters and, as consequence, surface waters (DCF — diclofenac, IBU — ibuprofen, and FLX —
fluoxetine). A wide range of operating conditions was investigated, such as anode-to-cathode distance
(ACD), type of electrolyte solution, cathode material, and water matrix.

2. Materials and Methods

The catalysts were prepared by a simple thermal calcination method, adapted from our previous
publication (Torres-Pinto et al. 2022). Briefly, urea was placed in semi-closed quartz crucibles and
heated under a static air atmosphere in a microwave muffle (CEM Corporation). The heating procedure
consisted of a thermal treatment with distinct stages. The final powder product was washed with
distilled water, filtered, and dried overnight at 60 °C. The materials were thoroughly characterised by
scanning electron microscopy (SEM), Raman, X-ray photoelectron, infrared, ultraviolet-visible and
steady-state photoluminescence emission spectroscopies, X-ray crystallography, nitrogen adsorption,
voltammetry, and impedance studies. Electrochemical analyses were performed with a three-
electrode open cell using an electrochemical workstation (Autolab PGSTAT302N, Metrohm). The
reference electrode was Ag/AgCl, the counter electrode was a Pt wire, and the working electrodes
were the GCN materials deposited onto a 1x1 cm? nickel foam. Photo- and electro-assisted catalytic
reactions were carried out in a cylindrical borosilicate reactor using an ultraviolet lamp (A = 365 nm)
and an external galvanostatic power source. The anode was a boron-doped diamond rectangular plate,
and the standard cathode was a titanium alloy sheet. Electrolytic, photolytic and adsorption reactions
were completed as control experiments. The degradation experiments were performed using 250 mL
of distilled water (DW) or secondary-treated urban wastewater (WW) with individual or mixed
pharmaceuticals (Co = 10 ppm each) and dispersed GCN at a 0.5 g L* load. Samples were periodically
withdrawn, MPs concentration was analysed by high-performance liquid chromatography (HPLC) on
an Agilent 1200 series coupled to a diode-array detector (DAD), and total organic carbon (TOC) was
determined in a Multi N/C 2100 apparatus.

3. Discussion

The GCN materials were prepared under different synthesis temperatures, from 450 to 650 °C. The
morphology of these catalysts was assessed by SEM, as observed in Figure 1. An increasingly higher
processing temperature induced a more holey-like formation and seemingly more spaced-out layers.
This distortion of the carbon nitride sheets may promote a higher surface area and greater availability
of redox active sites. Higher temperatures show increasingly higher values of surface area (30, 44, and
89 m2 gL, respectively for 450, 550 and 650 °C), while the average pore diameter decreases.

L~ ey , o » R

Figure 1: SEM images of GCN synthesised at 450, 550 and 650 °C (left to right).

The electrochemical activity of the synthesised materials was assessed for the oxygen evolution
reaction (OER) in alkaline media, comparing to the bare nickel support and reference iridium oxide.
The lowest OER overpotential, at 10 mA cm, was registered for the GCN-550 material (190 mV) with
a Tafel slope of 46.8 mV dec®, which surpasses that of the benchmark IrO; electrode (380 mV and 79.0
mV dec?). The mentioned catalyst was thoroughly characterised to understand the temperature effect
on its activity, and preliminary results show that at 550 °C there is an adequate balance between
crystallinity, porosity and surface chemistry.

The GCN-550 material was dispersed in aqueous solutions spiked with selected pharmaceutical
compounds. Blank experiments were performed with DCF only in DW (Figure 2a) to demonstrate the
enhanced synergetic effect of photochemical and electrochemical activation of GCN. DW and WW
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were used as matrixes to verify the influence of natural organic matter (and other constituents) on the
degradation of the three MPs in a mixture (Figure 2b). Typically, ionic strength and organic matter
influence greatly the efficiency of different AOPs (Ribeiro et al. 2019). Herein, the degradation is slower
with WW owing to the interference of organic matter and other possible WW constituents.
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Figure 2: Removal of (a) DCF — diclofenac (EL —electrolysis, PL — photolysis, P/E/PECL — photo/electro/photoelectro-catalysis)
after 120 min and (b) three MPs (DCF, IBU — ibuprofen and FLX — fluoxetine) in a mixture using distilled water (DW) and
secondary-treated urban wastewater (WW) as matrices.

4. Conclusions

The processing temperature of GCN proved to be an important synthesis parameter in obtaining an
efficient electrocatalyst, as it influences the surface area and morphological structure. The best-
performing catalyst for OER (overpotential of 190 mV at 10 mA cm?) was employed for the
photoelectrocatalytic degradation of MPs in different conditions. It was observed that the combination
of a photo-assisted and electrochemical processes performed much better than the individual catalytic
technologies. Also, under more realistic conditions (i.e., using a spiked secondary-treated urban
wastewater as reaction media), the system proved rather efficient as the degradation only slightly
decreased in comparison with distilled water as matrix.
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Abstract

In this work the development of new sensing platforms is presented. For this purpose,
different nanostructures and iron-based metal-organic frameworks (MOFs) are tested as
modifiers of the working electrode of screen-printed carbon electrodes (SPCEs) with
drugs of different classes, specifically alprazolam, clenbuterol, sulfamethizole,
sulfamethoxazole and clotiapine. SPCEs surfaces after being modified with MOFs were
properly characterized with a redox probe to ensure the modification was successfully
performed. Furthermore, in order to prove the application of the modified SPCEs, an
analytical methodology based on voltammetric techniques was developed using
clotiapine as a model. After characterizing the electrochemical process that takes place,
a calibration focused on the analysis of clotiapine in water samples was performed.

Author Keywords. nanostructures, metal-organic frameworks, screen-printed carbon
electrodes, voltammetry, drugs

1. Introduction

Nanomaterials are substances whose small dimensions make them abide by the laws of quantum
mechanics, which gives them a wide range of applications in many fields such as medicine, catalysis,
engineering and sensing, among others. In recent years the use of nanostructures as electrochemical
transducers has increased significantly due to their high catalytic activity. Moreover, metal-organic
frameworks (MOFs) have also received special attention because of their high porosity and tunability.
Thus, new sensing platforms can be obtained by combining the unique properties of nanostructures
and MOFs with the versatility of the screen-printed carbon electrodes (SPCEs) while minimizing the
sample volume (Kaur 2022).
In this work, SPCEs modified with different nanostructures and MOFs are applied to the analysis of
drugs of different classes, specifically anxiolytics (alprazolam), anabolics (clenbuterol), antibiotics
(sulfamethoxazole and sulfamethizole) and antipsychotics (clotiapine). The latter was selected as a
model to demonstrate the viability of the modified SPCEs for the analysis of drugs at trace levels in
water. In this sense, voltammetric techniques were chosen, specifically cyclic voltammetry (CV) and
differential pulse voltammetry (DPV), and among the nanostructures tested as transducers the SPCEs
modified with multi-walled carbon nanotubes (MWCNTs) showed the best response in terms of
sensitivity and selectivity.

2. Materials and Methods
Alprazolam and clotiapine were supplied by European Pharmacopeia and Sandoz, respectively.
Sulfamethizole, sulfamethoxazole and clenbuterol were supplied by Sigma-Aldrich. All experiments
were performed in electrolytic medium Na,SO, (Panreac) 10 mM at a pH value of 3, and for this
purpose different dilutions of H,SO4 (Fluka) were used. The redox probe used to characterize the
modified SPCEs’ surface was Ks[Fe(CN)s] (Fluka). The o-phenylenediamine (o-PD) for the
electropolymerization was obtained from Sigma-Aldrich.
Voltammetric measurements were performed with a potentiostat-galvanostat PGSTAT12 (Autolab,
software GPES 4.9.05) and PGSTAT30 (Autolab, software NOVA 2.1.2) and DropSens Connector for
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SPCE (Metrohm-Dropsens). The electrochemical cell consists of a SPCE composed of a graphite working
electrode (modified or not), a carbon counter electrode and an Ag pseudoreference electrode.
Electropolymerization was carried out by CV, applying 15 cycles from -0.4 to 0.7 V at 100 mV s with
step potential 5 mV (Baradoke 2019).
3. Discussion

The voltammograms obtained during the working electrode material studies for alprazolam,
clotiapine, clenbuterol, sulfamethoxazole and sulfamethizole are collected in Figure 4. It can be
observed that the peaks of both antibiotics do not seem to be affected by the modifications neither in
intensity nor in potential, whereas the other three drugs do show significant differences.
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Figure 4. Voltammograms obtained during the working electrode material studies for A) alprazolam, B) clotiapine, C)
clenbuterol, D) sulfamethoxazole and E) sulfamethizole. Abbreviations: GPH, graphene; GNP, gold nanoparticles, MWCNT,
multi-walled carbon nanotubes; Co-Ph, cobalt (II) phtalocyanine; Ni, NiO; Bi, BiO.

As far as MOFs are concerned, they were tested on sulfamethizole. For this purpose, SPCEs were
modified with an iron-based MOF and different co-modifiers. On the one hand, some nanostructures
were studied, specifically carbon nanofibers (CNF) and magnetic iron nanoparticles (FeNP). On the
other hand, o0-PD polymerization was used to help immobilize the MOF following two different
strategies. First, 0-PD was electropolymerized followed by MOF incorporation by drop-casting. Second,
MOF was added before electropolymerization. These experiments can be observed in Figure 5. The
SPCEs modified surfaces were characterized with the Fe(CN)s>/[Fe(CN)e]* system acting as a redox
probe. In all cases, the redox probe confirmed the presence of the modifiers on the SPCE surface, but
when it comes to sulfamethizole the expected electrocatalytic effect was not achieved in terms of
sensitivity.

Finally, clotiapine was selected as an example to test the application of MWCNTSs as sensing platforms.
First, the electrochemical process was studied by CV, concluding that clotiapine undergoes an
irreversible oxidation reaction that is governed by diffusion but with a significant adsorption
component. Then, a calibration via external standard was performed by DPV, obtaining a linear range
from 10.02 to 100.2 umol L with limits of detection and quantification of 1.8 and 6.2 umol L%,
respectively, thus demonstrating the high sensitivity achieved with MWCNTSs.
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Figure 5. Voltammograms obtained with the iron-based MOF modified SPCEs. A) SPCEs modified with MOF and
nanostructures for redox probe and B) sulfamethizole. C) SPCEs modified with MOF and o-PD for redox probe and D)
sulfamethizole. The pink and light blue lines correspond to the first and second strategies mentioned above, respectively.

4. Conclusions
Both nanomaterials and MOFs were successfully applied as modifiers of the SPCEs surface, what proves
their application as electrochemical transducers for drug sensing. Specifically, MWCNTs showed an
excellent performance when it comes to clotiapine analysis at trace levels. As far as MOFs are
concerned, their incorporation to the SPCEs surface was demonstrated with the redox probe. It must
be taken into account that the optimal proportion of the co-modifiers was not studied yet, so further
investigation will be carried out to improve the catalytic activity of the materials before developing an
analytical method.
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Abstract

Moringa oleifera is a plant, rich in bioactive compounds, that can be incorporated in
cereal-based products to improve their nutritional profile and biological value. In this
work, these compounds were extracted with ethanol using a solid-liquid extraction
method. The extract presented a total phenolic content of 79.0 + 20.3 Mgeae Zextract - and
IC50 values of 633.1 £11.5 mg L'* and 201.7 + 5.8 mg L* for DPPH and ABTS, respectively.
The extract was incorporated into fresh pasta with different levels of substitution (1.25%
and 2%). The addition of Moringa oleifera leave extract increased the antioxidant activity
of the supplemented pastas and its water absorption index and cooking loss.

Author Keywords. By-products, Bioactive compounds, Antioxidants, Food fortification,
Cereal-based products

1. Introduction

Cereal-based products, such as bread and pasta, are staple foods widely consumed around the world.
Despite its high content in carbohydrates, cereal-based products lack other nutrients and minerals.
Nowadays, there is an increased demand for foods with higher nutritional value and health benefits,
which can be achieved with the addition of functional ingredients from natural sources (Hodas,
Zorzenon, and Milani 2021).

M. oleifera, a tree native to India, is rich in bioactive compounds such as phenols, flavonoids, and
carotenoids, presenting antioxidant, anti-inflammatory, and anticancer properties (Vonghirundecha et
al. 2022). Due to its composition, M. oleifera extracts can be used as natural additives to fortify cereal-
based products such as pasta, namely fresh pasta. The incorporation of such extracts can add beneficial
biological properties to the product, while their antioxidant activity can increase food shelf-life. Hence,
M. oleifera extracts can be a promising natural additive to improve the nutritional and biological value
of cereal-based products and replace synthetic preservatives.

2. Materials and Methods

Moringa oleifera leaf powder was provided by Agostinho Neto University, Luanda, Angola. The
phenolic-rich extract was obtained using a solid-liquid extraction method with a Soxhlet extractor. The
extraction parameters were as follows: extraction solvent — ethanol; extraction time — 2 h; sample-to-
solvent ratio — 1:40 (m/V). After the extraction, a rotary evaporator was used to evaporate the solvent
and then a gentle stream of nitrogen (2 mbar) was applied until the extract was completely dry. The
Folin-Ciocalteu method was applied to determine the total phenolic content (TPC) of the extract (Silva
et al. 2007). Briefly, the sample solution (1 g L' in ethanol), was incubated with Folin-Ciocalteu reagent
and sodium carbonate for 2 h and the absorbance was analysed at 750 nm. The results were expressed
in mg of gallic acid equivalents (GAE)/g of dried extract. The antioxidant activity was studied following
two protocols: 2,2-diphenyl-1-picrylhydrazyl (DPPH) method (Bobo-Garcia et al. 2015) and 2,2-azinobis
(3-ethyl-benzothiazolin-6-sulfonic acid) (ABTS) method (Xiao et al. 2020). For that, sample solutions
with different concentrations were prepared: 1.5-8 g L't for DPPH and 0.1-2.5 g L' for ABTS. Then, the
sample was incubated with the radical solution for 40 minutes, in the case of DPPH, and for 15 minutes,
in the case of ABTS. After incubation, the absorbance was analysed at 515 nm and 734 nm for DPPH
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and ABTS, respectively. Finally, the radical inhibition percentages were calculated to determine the
ICso values, i.e. the extract concentration to inhibit 50% of the radical.
Fresh pasta was produced using 100 g of wheat flour, 1 egg, 0.7 g of olive oil and 0.2 g of salt. The pasta
was fortified with M. oleifera extract (1.25% and 2% substitution level of wheat flour). The antioxidant
capacity was evaluated as previously described. The water absorption and cooking loss were
determined according to the literature (Kamble et al. 2022), with some modifications: 5 g of pasta was
cooked for 5 min in 100 mL of boiling water.

3. Discussion
In this work, phenolic-rich extracts were obtained using a solid-liquid extraction. The solvent used was
ethanol since it is Generally Recognized As Safe (GRAS), an important aspect for food applications, and
due to its polarity. The extraction yield was 77.3 % and the extract presented a TPC of 79.0 = 20.3 mgeae
Bextract . The TPC can vary according to the extraction conditions and the plant origin. The value
obtained in the present work is similar to the one obtained in another study (74.87 mgcae Sextract),
where the phenolic compounds were extracted with 80% ethanol using mechanical agitation (Tai et al.
2018). Regarding the antioxidant capacity, the extract presented an ICso value of 633.1 + 11.5 mg L?
for DPPH and 201.7 = 5.8 mg L for ABTS, which indicates an higher radical scavenging activity towards
ABTS, since the concentration necessary to inhibit 50% of the free radical is lower. The results obtained
demonstrate the antioxidant potential of M. oleifera extract. Therefore, the extract was incorporated
into fresh pasta to study its impact on the physicochemical properties of the product and the results
are shown in Table 1.

Property NC FP1.25 FP2
o DPPH 10.5%+1.2 11.7+1.6 215+1.4
% Inhibition
ABTS 47.2£10.5 69.0+4.9 92.6+4.1
Water absorption (%) 59.1% 70.3% 85.5%
Cooking loss (%) 2.0% 2.4% 2.5%

Table 3: Physicochemical properties of fresh pasta. NC: negative control (pasta without
additives); FP1.25: pasta with 1.25% M. oleifera extract; FP2: pasta with 2% M. oleifera
extract

The results obtained support that the incorporation of M. oleifera extract into fresh pasta increases its
antioxidant activity. Moreover, the pasta supplemented with 2% of extract presented a higher
antioxidant capacity, for both ABTS and DPPH, than the one with 1.25%. The water absorption index
increased significantly, from 59.1% to 85.5%, with the supplementation with M. oleifera extract. The
water absorption is a good indicator of the pasta quality, as it can indicate a greater efficiency in
satiating hunger and giving a feeling of satiety. The cooking loss also increased slightly, from 2.0% to
2.5%, with an increase of the extract content in the pastas. A low cooking loss indicates a high cooking
performance with little loss of solids. These results are consistent with the ones obtained in the
literature where an increase in the water absorption and cooking loss in pastas supplemented with M.
oleifera pod powder was reported (Kamble et al. 2022).
4. Conclusions

The M. oleifera extract presented antioxidant activity against DPPH and ABTS, demonstrating its
antioxidant properties and potential to be incorporated in food products. The supplemented fresh
pastas presented a significantly increase in the antioxidant activity compared to the control pasta, due
to the bioactive compounds that are present in the extract. Also, the water absorption index increased
with the supplementation with M. oleifera extract and the cooking loss only increased slightly,
indicating a good quality pasta. These results demonstrate the potential use of M. oleifera extracts as
a natural source of phenolic compounds to improve the physical and biological properties of cereal-
based food.
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Abstract

This work aimed to develop carbon nanotube (CNT) supported electrocatalysts for
electrochemical energy conversion, targeting the oxygen reactions occurring in a unitized
regenerative fuel cell (URFC). A monometallic catalyst obtained by impregnation of CNT
with nickel(ll) nitrate followed by thermal treatment at 260 °C under H, (CNTwi 26012)
displayed the best performance in the oxygen evolution reaction (OER), whereas CNT
doped with iron(ll) phthalocyanine (CNTrepc) showed the best performance in the oxygen
reduction reaction (ORR). A bifunctional catalyst prepared by physically mixing these
samples in a 1:1 mass ratio (CNTi_z60n2/CNTrepc) €xhibited better electrocatalytic activity
than a commercial benchmark electrocatalyst for OER and an ORR performance similar
to that of the widely used Pt/C electrocatalyst. Ultimately, CNTni 26on2/CNTeepc presented
the lowest potential gap of all the synthesized samples and benchmark catalysts, thus
demonstrating its great potential to replace noble metals and be tested at a larger scale.

Author Keywords. Oxygen evolution reaction, Oxygen reduction reaction, Unitized
regenerative fuel cell, Nickel, Iron(Il) phthalocyanine.

1. Introduction

Modern energy supply in our society is mostly based on fossil fuels, which depends on finite resources
that will be depleted in the near future. The high consumption of these fuels and consequent emissions
of carbon dioxide have adverse impacts on climate change. Thus, the use of energy obtained from
renewable sources is crucial to fight global warming and ensure the sustainability of the planet.
Therefore, it is essential to optimize systems for energy storage when renewable energy production
exceeds energy consumption and for its reconversion into electrical energy when demand surpasses
instant production.

Currently, noble metals are widely used as catalysts for electrochemical energy conversion, but are
associated with high costs. Carbon materials are a good alternative, as they are significantly less
expensive than noble metals. Therefore, the objective of this study was to prepare highly active
bifunctional electrocatalysts for the oxygen reactions occurring in a unitized regenerative fuel cell
(URFC). To achieve this objective, iron phthalocyanine (FePc) and/or nickel species were incorporated
onto carbon nanotubes (CNT) and tested towards the oxygen evolution and reduction reactions (OER
and ORR, respectively).

2. Materials and Methods

Electrocatalysts for OER were prepared by incorporating nickel(ll) nitrate hexahydrate on CNT by
incipient wetness impregnation (IWI) followed by thermal treatments in two different atmospheres (N,
and/or Hy) and at various temperatures. CNT were also modified by incorporation of FePc by IWI
followed by a thermal treatment under N, atmosphere at 500 °C for 2 h (CNTrepc). This Fe-doped CNT
sample has been previously tested as ORR electrocatalyst, displaying a performance similar to that of
the benchmark Pt/C catalyst. The Ni-doped samples were electrochemically characterized to determine
their OER activities. Afterwards, the best-performing Ni-doped CNT (CNTni 26012) and CNTrepc Were
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physically mixed using a 1:1 mass ratio (CNTwi 260n2/CNTeerc). The electrochemical measurements (cyclic
voltammetry — CV, linear sweep voltammetry — LSV, and stability tests) were performed using 0.1 mol
L't of KOH as the electrolyte in a conventional 3-electrode cell. To determine the bifunctionality of the
catalysts for the oxygen reactions, the potential gap (AE), which corresponds to the difference between
the OER potential at 10 mA cm™ (E1o), and the ORR half-wave potential (E1/2) was calculated.

3. Discussion
The prepared carbon electrocatalysts were tested in the OER. The OER electroactivity of the samples
treated under H, atmosphere was higher than their N,-treated counterparts, in which CNTyi 26012
achieved a very low E1p (1.59 V). Nevertheless, the best performance among all samples was obtained
with the bimetallic catalyst (CNTwni 26042/CNTrepc), an Eio as low as 1.57 V being obtained. This
performance is even slightly better than that of RuO; (E1o = 1.58 V) — a conventional electrocatalyst for
OER. Regarding ORR, CNTni 26012 presents a poor performance towards this reaction. Nonetheless,
CNTni_26012/CNTeepc displays an excellent performance in the ORR, surpassing that of Pt/C (E12 of 0.91V
vs 0.83 V, respectively), with negligible by-product formation. Regarding stability during the ORR,
CNTni 26012 performed better than CNTeepc, but worse than Pt/C. However, the stability of the bimetallic
catalyst formed by the mixture of these two samples is quite close to that of Pt/C, which is a good
indication of its long-term performance as ORR electrocatalyst. Concerning oxygen bifunctionality, all
the prepared samples led to a AE lower than that of Pt/C, which indicates that these catalysts are better
suited to be used in a URFC. Among all samples prepared, the bimetallic sample stands out
(CNTni_26012/CNTeepc) With a AE of 0.66 V, which represents almost half the value obtained for Pt/C.

4. Conclusions
The highest electrocatalytic activity towards OER among the monometallic catalysts was obtained with
sample CNTni 260n2. The bimetallic electrocatalyst (CNTni 26012/CNTrerc), Which consists of a physical
mixture of the catalysts with the best performance in OER and ORR, demonstrated the highest
bifunctionality towards the oxygen reactions occurring in a URFC (i.e., ORR and OER), even surpassing
that of the commercial noble metal-containing catalysts typically used at industrial scale. Therefore,
the prepared materials have high potential as a viable alternative to replace noble metal-based
electrocatalysts.
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Abstract

Ammonia is mainly used for manufacturing fertilizers with the world’s food production
relying on it. It is also a promising indirect hydrogen carrier, much easier to store and
transport. Introducing a zero-carbon process to produce ammonia allows for its use as a
sustainable energy carrier. This work involves the application of heterogeneous
photocatalysis for ammonia production using renewable resources like visible light, N,
water, and metal-free catalysts. Graphite-like carbon nitride (GCN), a metal-free
semiconductor easily synthesized from C- and N-rich precursors, can be tailored toward
specific applications. The immobilization of such materials in 3D structures fabricated by
additive manufacturing using GCN-T/PVDF films contributes to accelerating the
technological effectiveness of photocatalysis as a more sustainable alternative ammonia
production method.

Author Keywords. Ammonia, Heterogeneous photocatalyst, Graphitic carbon nitride,
Additive Manufacturing.

1. Introduction

Ammonia is a significant component in modern agriculture and food production, with an annual
production of approximately 200 million tons, mostly used in manufacturing fertilizers (Smith and
Torrente-Murciano 2021). However, the use of natural gas to produce H; and the high energy
consumption to extract nitrogen from air has caused environmental concerns, with industrial NH3
production contributing to 1-2% of global energy demand and emitting over 200 million tons of CO,
annually (Qandil, Othman, and Beithou 2023). To address these concerns, carbon neutral NH;
production is of utmost importance since ammonia can offer a promising and easily transportable
alternative to hydrogen.
Heterogeneous photocatalysis is a sustainable method for NH3 production using renewable energy
sources such as solar light or low-energy consumption radiation sources to reduce the carbon
footprint. The overall process consists of the photocatalytic reduction of dinitrogen and water to
ammonia and oxygen (Zhang et al. 2019).
Graphite-like carbon nitride (g-CsN,) is a metal-free semiconductor that can be activated by visible light
radiation, making it a good candidate for photocatalytic NH; production. Nevertheless, its use as a
powder in slurry photoreactors can cause technical problems and need time-consuming and costly
separation of the catalyst (Sampaio et al. 2023).
Herein, a metal-free photocatalyst (GCN-T) immobilized in the form of a film (GCN-T/PVDF) over a 3D-
printed structure was successfully tested in a batch photoreactor for ammonia production.

2. Materials and Methods
Photocatalyst Preparation
The bulk g-C3N4 preparation was produced using DCN as a precursor. The obtained powder sample was
washed and dried. After that, the bulk material was undergone of a second thermal treatment at 500
°C, which was employed for 2 h to obtain the exfoliated GCN-T material. GCN-T was immobilized in a
3D-printed structure, which was previously coated with a PVDF film acting as an adherent agent for
the photocatalyst.
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Photocatalytic Experiments

The photocatalytic production of ammonia was carried out under visible irradiation using the tubular-
shaped 3D printed structure supporting the GCN-T/PVDF film inside the photoreactor (Figure 1a). In a
typical experiment, the catalytic structure was supported by a glass refrigeration tube, which
maintained a constant temperature on the system and was placed inside a cylindrical glass reactor
filled with 100 mL of ultra-pure water, which was continuously stirred and purged with N,. A 4-UV LED
system (Amax = 420 nm) was placed around the reactor. Figure 1b shows a schematic of the
experimental setup.

Ammonia concentration analysis was conducted using Nessler’s reagent method by measuring the
absorbance of the solution over time in a JASCO V-560 spectrometer.

(a) (b)

Figure 1: (a) 3D-printed structure coated with GCN-T and (b) Experimental setup for the photocatalytic
ammonia synthesis.

Several experiments were conducted to test the efficiency of different scavengers, namely alcohols, to
increase the efficiency of the photocatalytic reduction of dinitrogen to ammonia.

3. Results and Discussion

A comparison between several scavengers is in Erro! A origem da referéncia ndo foi encontrada.,
which shows ammonia rate generation for ethanol, methanol, and isopropy! alcohol.
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Figure 2: (a) Ammonia rate generation using different scavengers and (b) ammonia concentration evolution along the time.

Comparing the results from Figure 2(a), hole scavengers can enhance the photocatalytic activity of the
system for ammonia synthesis. Isopropanol was proven to promote the best ammonia rate generation
(~60 umol-geari-h?). From Figure 2(b), it is observed that ammonia concentration in the solution
increase almost linearly with time.

4. Conclusions
A batch reactor with an immobilized metal-free photocatalyst was successfully employed for
photocatalytic ammonia synthesis under visible light using alcohols as effective hole scavengers. This
system avoids the separation of the catalyst from the solution and opens up the possibility of using
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solar light for reaction activation, both accounting for the sustainability of the proposed ammonia
production route.
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Abstract

Graphitic carbon nitride (CN) photocatalyst was immobilized onto a ceramic foam (AF) by
thermal condensation of urea, which is an advantage for the process scale-up. A high
photocatalytic activity under visible-light illumination was observed for sulfamethoxazole
(SMX) degradation. Moreover, adding hydrogen peroxide (H,0,) enhanced the SMX
mineralization. Definitively, a CN-F35 sample (35 mg CN per 1 g AF) demonstrated
excellent efficiency for SMX degradation (80 %), H,0, conversion (55 %) and removal of
intermediates, when using the visible-light photocatalytic wet peroxide process in
continuous flow dead-end regime for 24 h.

Author Keywords. Ceramic foam, carbon nitride, hydrogen peroxide, photocatalysis,
water treatment.

1. Introduction

Pharmaceuticals have been widely detected in the aquatic environment (Barbosa et al. 2016).
Considering their long-term impacts, one of the alternatives for their removal in water and wastewater
treatment is to employ advanced oxidation processes (AOPs), which are based on the generation of
reactive oxygen species (ROS). In particular, photocatalytic oxidation (PCO) is an AOP that may be
performed using energy-efficient lighting sources (e.g., visible-light LEDs). PCO can be assisted by
adding different oxidizing agents, such as H,0; (i.e., the so-called photocatalytic wet peroxide oxidation
process - PCWPO).
Graphitic carbon nitride (CN) has gained significant interest in heterogeneous photocatalysis since it is
a metal-free catalyst with outstanding photocatalytic activity under visible-light illumination. It has
associated with inexpensive synthesis procedures and chemical stability. Most research has been
performed using powdered CN suspended in water; however, immobilized photocatalysts are more
suitable solutions for the process scale-up (Fouad et al. 2021).
The main aim of this work consisted on immobilizing CN in a ceramic support with photocatalytic
activity for being used in PCWPO in continuous regime for the removal of sulfamethoxazole (SMX) in
water.

2. Materials and Methods

Material synthesis
A ceramic alumina/silica foam (ca. 69 % Al,03, 27 % SiO,, 1.8 % MgO and <2.3 % other oxides, 20 ppi)
was used as supporting material. CN was deposited onto AF by a thermal condensation procedure
adapted from the literature (Lima et al. 2017) and using dissolved urea as a precursor. The resulting
samples were labeled as CN-Fx, where x corresponds to the theoretical amount of CN immobilized per
gram of AF (e.g., 35 mg in the case of the CN-F35 sample). The CN-based foams were cleaned with
purified water, sonicated for 5 min and dried with compressed air before being used in the
experiments.
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Experiments
The PCO activity of immobilized CN-foams was tested by using 4 visible-light LEDs with a maximum
emission at 415 nm, illuminating a 25 mL cylindrical reactor where a CN-foam was placed. A 100 mL
solution containing sulfamethoxazole (30 mg L?) was fed to the reactor at 5 mL min? (hydraulic
retention time, HRT = 5 min), and the outlet stream was recirculated to the feed reservoir. The PCWPO
experiments followed the same procedure, but added H,0; into the feed reservoir. Different H,0,
concentrations were tested (5, 10, 25 and 50 mM). The catalytic activity and stability of the CN-F35
sample for both PCO and PCWPO were also investigated in a continuous dead-end regime at 0.5 mL
min? (HRT = 50 min). Liquid samples were collected and analyzed by high-performance liquid
chromatography (HPLC), ionic chromatography and spectrophotometric methods.
3. Discussion

Regardless of the initial H,0, dose tested under recirculation mode with the CN-F35 sample, the same
efficiency was observed for the degradation of SMX (results not shown) and more than 90 % of H,0;
is continuously consumed at these conditions. Erro! A origem da referéncia nao foi encontrada.
presents the % of nitrogen (N) and sulfur (S) in SMX respectively transformed into nitrite/nitrate or
sulfate for the different H,0, doses tested. The concentration of some short-chain organics acids
(SCOAs) is also shown in the table. As observed, there is a significant increase in the concentrations of
these by-products when using 25 mM of H,0,. In contrast, photocatalysis without H,0, (PCO) only
transformed ca. 6 % of the organic N and S-content.

H2020mM %N %S Acetate (mg-L!) Formate(mg-L') Oxalate (mg-L?)
0 5.8 6.6 <Q.L. <Q.L. <Q.L.
5 7.3 8.1 0.5 0.4 0.4
10 11 18 0.8 0.9 0.5
25 29 42 2.5 1.7 2.0
50 40 36 2.3 1.6 1.6

Table 4: Yields of N/S-species and concentration of SCOAs quantified in PCO and PCWPO degradation of SMX under
recirculation mode in 360 min (<Q.L.: below quantification limit).

Figure 6 depicts the data obtained in the PCO of SMX (left) and when adding H,0; (25 mM) — PCWCO (right) in a continuous
flow dead-end regime. PCWPO reached 80 % of SMX removal, 20 % of mineralization (TOC - total organic carbon removal)
and 55 % of H,0, conversion in steady state.

Moreover, 12 and 32 % of N- and S-content in SMX generated inorganic species (mainly nitrates and
sulfates, respectively) — results not shown. Oxalate was quantified in over 1.2 mg L, which might
explain the slight drop in the pH to 4.1. In comparison, PCO achieved a lower removal of SMX (40 %)
and<1% N, <6 % S and < 0.2 mg L oxalate.
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Figure 6: Evolution of SMX and TOC normalized concentrations, and pH and oxalate formed during PCO (left) and PCWPO,
including the normalized consumed H,0; (right), in continuous dead-end regime with CN-F35.

4. Conclusions

Graphitic carbon nitride was easily immobilized onto ceramic alumina/silica foams and demonstrated
a high photocatalytic activity under visible-light illumination. Adding hydrogen peroxide led to an
improvement in sulfamethoxazole mineralization (i.e., by-product degradation). The immobilized
photocatalyst CN-F35 demonstrated stability after 24 hours in the visible-light photocatalytic wet
peroxide oxidation (PCWPQ) process under a continuous flow dead-end regime.
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Abstract

Thermally exfoliated graphitic carbon nitride (GCN-T) was synthesized and used as
support material for the immobilization of Horseradish Peroxidase (HRP). The surface
chemical composition and excellent biocompatibility of GCN-T make it an effective
support for enzyme immobilization, while its capacity for in situ photocatalytic H,0;
production can enhance the enzyme's catalytic efficiency. HRP was successfully
immobilized onto GCN-T through a simple physical adsorption method. The highest
activity of the bioconjugate was obtained at pH 6, with an initial enzyme concentration
of 40 mg/L and an immobilization time of 60 min. The results showed excellent
performance of the GCN-T as support of HRP with a maximum enzyme loading of 269 U
per g of adsorbent. The bioconjugate was further evaluated regarding reusability and
performance under different pH, and thermal and storage stabilities. The in situ
generation of H,0, by GCN-T under visible light was also explored and optimized, proving
its great potential for various biocatalytic applications using peroxidases.

Author Keywords. Horseradish peroxidase, hydrogen peroxide, immobilization, graphitic
carbon nitride.

1. Introduction

Peroxidases (EC 1.11.1.7) belong to the enzymatic group of oxidoreductases that catalyze the oxidation
of a wide range of organic and inorganic substances by using hydrogen peroxide (H20:) (Azevedo et al.
2015). They can be found in many different types of organisms and have applications in various fields,
including the use in immunoassays, water treatment (Bian et al. 2021), as food preservatives, and
production of biofuels (Junge, Fernandes, and S4 2018). From the industrial point of view, peroxidases
have the advantage of using H,0; as an economically viable and easily synthesized electron acceptor.
However, its practical application at a large scale is still restricted by low stability under environmental
conditions and lack of reusability. Besides, at high concentrations, exogenous H,0 can have a negative
effect on peroxidases by causing oxidative damage to the enzyme.

In recent years, graphitic carbon nitride (GCN) has gained particular attention as a semiconductor that
operates under visible light (Ismael 2020). Made of earth-abundant elements, GCN has outstanding
biocompatibility, thermal and chemical stability, photocatalytic activity, and tunable functionalization,
all of which provide a unique set of interesting properties for its use in various fields. Besides, it is the
most studied metal-free photocatalyst for H,0, production.

Therefore, the aim of this work is to increase the performance of horseradish peroxidase (HRP) by the
simultaneous enzyme immobilization on a photocatalyst and the in situ production of the ideal H,0;
concentration. For this purpose, HRP was immobilized by physical adsorption onto thermally exfoliated
graphitic carbon nitride (GCN-T). The bioconjugate was then studied regarding reusability, pH, thermal,
and storage stabilities. Furthermore, the photocatalytic generation of H,0, by GCN-T was explored and
optimized under different conditions. Overall, this study combines the synergetic effect of enzyme
immobilization for improved stability under different conditions, together with the simultaneous in
situ production of H,0,, which is an indispensable chemical to drive the enzymatic reaction.

2. Materials and Methods
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The synthesis of bulk GCN was performed by the thermal decomposition of dicyandiamide at 550 °C.
A second thermal treatment at 500 °C was applied to the bulk material to obtain the exfoliated
materials, denoted as GCN-T. The immobilization of HRP onto GCN-T by physical adsorption was
studied by adding different concentrations of HRP solutions to 2 mg of GCN-T. HRP activity was studied
by measuring the absorbance at 510 nm (OceanOptics USB2000+ UV-vis spectrophotometer). The
assay mixture consisted of 0.1 M phosphate buffer pH 7.4, 9.6 mM 4-aminoantipirene (4-AAP), 0.1 M
phenol, 2 mM H;0,, and free enzyme or bioconjugate. One unit of HRP activity was defined as the
conversion of 1 umol of H,0, per minute at pH 7.4 and 25 °C. The photocatalytic efficiency of the GCN-
T was studied in a glass reactor containing 50 mL of aqueous glucose solution. The reactions occurred
under magnetic stirring and the incidence of visible light (Amax = 413 nm). The reactions were
performed in continuous air saturation, with 15 min of air bubbling in the dark to achieve adsorption-
desorption equilibrium. Different operating conditions were investigated: initial concentration of
glucose (5 to 35 mM), pH (4 to 8), and catalyst load (0.5 to 1.5 g/L). Samples were periodically
withdrawn, filtered, and analyzed by a colorimetric method for the determination of the amount of
H»0, produced (Eisenberg 1943).
3. Discussion

The immobilization of HRP onto GCN-T was evaluated by optimizing several parameters, namely, the
pH, the time of contact, and the enzyme concentration. The results show that the maximum activity
of the bioconjugate was obtained at pH 6, with an initial enzyme concentration of 40 mg/L and an
immobilization time of 60 min. The results demonstrate the excellent performance of the GCN-T as
support of HRP with a maximum enzyme loading of 269 U per g of material (Figure). The effect of H,0,
on the HRP activity was also evaluated, showing that concentrations above 1.5 mM have a negative
effect on the enzyme’s catalytic activity, possibly caused by oxidative damage of the enzyme.
Regarding the photocatalytic reactions, after 2 hours and under the optimal conditions (catalyst load
of 1.3 g/L, glucose concentration of 35 mM, and pH of 7.35), the amount of H,0 produced was 0.53
mM. These results confirm the photocatalytic efficiency of GCN-T for the in situ generation of H,0, and
further use in combination with HRP.

0 T T
0 20 40 60

HRP Concentration (mg/L)

Figure 1: Amount of HRP adsorbed per g of GCN-T (q).

4. Conclusions

The immobilization of HRP onto GCN-T was successfully achieved by a simple physical adsorption
method. GCN-T proved to be a stable and biocompatible support for HRP immobilization, while in situ
H,0, production prevents the enzyme from suffering oxidative stress, enhancing its catalytic activity.
Future tests will involve the evaluation of the efficiency of the photobiocatalyst in a reaction medium
with in situ H,0; production for the degradation of contaminant compounds. Further, the surface
modification of GCN-T with ligands that strengthen the bonds between the enzyme and the support
will also be considered.
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Abstract

Fatty acid methyl esters (FAME) application as biodiesel has grown in interest as an
alternative to petroleum-based diesel fuel due to reduced CO, emissions. FAME is
produced industrially by the transesterification of vegetable oils with methanol and using
NaOH as a catalyst. The industrial production of FAME still faces some challenges, such
as undesirable reactions and intense energy requirements. In this work, a sustainability
assessment of FAME production from vegetable oil was performed based on the Gauging
Reaction Effectiveness for the Environmental Sustainability of Chemistries with a multi-
Objective Process Evaluator (GREENSCOPE) methodology. A sensibility analysis of the
process operating conditions (e.g., oil input flow rate) was performed to evaluate process
sustainability. Several scenarios with oil input flow rates ranging from 500 to 2 000 kg/h
were studied. An overall sustainability improvement was observed with the increase in
oil input flow rate. The maximum process sustainability value tended towards
approximately 77%.

Author Keywords. Sustainability Assessment, GREENSCOPE, Biofuel, Vegetable Qil

1. Introduction

Global energy security has been heightened by the depletion of fossil fuel supplies and price volatility
(Amin 2019). Moreover, burning fossil fuels has resulted in significant greenhouse gas emissions,
contributing to climate change. Growing global energy and fuel demand due to a rising world
population has prompted the development of alternative renewable energy and fuel sources. Biodiesel
has been suggested as a viable, renewable, and biodegradable alternative to traditional fossil fuels as
an energy source (Douvartzides et al. 2019). The increased interest in biodiesel arises from its
comparable physical characteristics to petroleum-based diesel fuel, which allows its direct application
in engines with minimal modifications required (Amin 2019). Additionally, its blending with
petroleum-based diesel fuel can potentially reduce harmful emissions such as CO,, hydrocarbons, and
particulate matter.

Fatty acid methyl esters (FAME) are produced from the transesterification of plant oils (edible and
non-edible) and animal fats, which are subsequently purified to blend or use as biodiesel. The most
common industrial production of FAME involves the transesterification of edible plant oils
(triglycerides) with methanol via a homogenous alkali catalyst and glycerol as a byproduct (Amin 2019).
High yields have been reported for short reaction times at low temperatures (Amin 2019).
Nevertheless, feedstock quality can affect its yield, requiring a pretreatment step. FAME is suitable to
be used as a biodiesel source, but issues such as low oxidative stability, increased NOx emissions, and
high feedstock viscosity need to be addressed (Douvartzides et al. 2019). The production of FAME
requires the performance of catalyst and byproduct separation, which are difficult and intense energy
processes that can question the economic and environmental viability of the process (Amin 2019).
Process sustainability assessment has been proposed by several methodologies to improve the
performance of chemical production processes. In this work, a sustainability evaluation of FAME
production through the transesterification of vegetable oil with methanol using NaOH as a catalyst was
performed by Gauging Reaction Effectiveness for the Environmental Sustainability of Chemistries with
a multi-Objective Process Evaluator (GREENSCOPE) methodology. The objective of the present study
was to evaluate the impact of varying operating conditions on the sustainability of chemical processes.

2. Materials and Methods
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The production of FAME was simulated in Aspen Plus based on the process proposed
by Zhang et al. (2003) for a FAME production capacity of 8 500 t/y (oil input flow rate of 1050 kg/h),
with a purity of 99.7 %. The transesterification reaction kinetics considered were suggested by Salehi
et al. (2019).

The process sustainability assessment was performed based on the GREENSCOPE methodology
proposed by Ruiz-Mercado et al. (2012), coded in Visual Basic for Applications (Microsoft Excel). This
methodology aims to assess the impact of producing a desired product while fulfilling environmental
demands and maximising economic return by using a sustainability measurement scale. The
GREENSCOPE methodology was carried out by determining indicators capable of characterising the
studied process in the areas of environment, efficiency (material), energy, and economy (four E’s)
(Ruiz-Mercado et al. 2012). Additionally, a global indicator for each of the 4 areas of interest and the
overall process was determined by the weighted average of the calculated indicators. A sensibility
analysis of process operating conditions, such as oil input flow rate, was carried out to evaluate the
opportunities for sustainability improvement in the 4 areas and the global production process. The
performed variations were accommodated by changing process operating parameters while
maintaining FAME purity.
3. Discussion

The sustainability assessment was performed by calculating the indicators proposed by the
GREENSCOPE methodology and determining a global process sustainability weighted average for the
different scenarios. In this work, several indicators were calculated: (i) 61 for environmental impact;
(ii) 26 for efficiency of material; (iii) 8 for energy use; and (iv) 33 for economic profits of the work. The
potential for process sustainability improvement was evaluated by varying operating conditions
(e.g., oil input flow rate). Several scenarios ranging from 500 to 2 000 kg/h were studied. The base case
scenario of the process considered had an oil input flow rate of 1050 kg/h. The global weighted average
for each area and the overall process are shown in Table 5.

Oil input flow

rate (kg/h) Environmental Efficiency Energy Economic Global
500 74.34 80.89 64.51 51.02 69.05
1000 77.39 82.97 68.50 65.05 74.78
1050 77.56 82.99 70.06 65.52 75.09
1500 78.68 83.13 71.12 68.30 76.43
2000 79.07 81.83 72.97 69.72 76.84

Table 5: Sustainability performance in percentage (%) determined by the GREENSCOPE methodology for each area and the
global production process.

An overall sustainability performance improvement was observed by increasing the oil input flow rate.
The observed improvement in overall process sustainability tends towards a value of
approximately 77 %. The same trend behaviour is observed for each of the quantified areas at various
maximum values.

For each of the considered scenarios, it is observed that the economic impact has the highest potential
for sustainability improvement. Nevertheless, the economic impact had the highest sustainability
improvement, an increase of approximately 19 %, due to the variation in oil input flow rate.

The material efficiency had a decline in sustainability from 82.99 % for an oil input flow rate of
1050 kg/h (base case scenario) to 81.83 % in the scenario with a 2000 kg/h oil input flow rate. This
outcome arises from the inability of the process to balance the additional FAME output with the extra
need for resources.

Globally, these results demonstrate the potential to improve process sustainability by increasing oil
input flow rate; however, these sustainability benefits must be carefully evaluated since they might
not be sufficient to motivate a change in the FAME production process.
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4. Conclusions

FAME has been considered as an alternative to petroleum-based diesel fuel. In this work, the
sustainability assessment of the production of FAME from vegetable oil in the presence of methanol
using NaOH as a catalyst was studied through the GREENSCOPE methodology. A sensibility analysis of
the oil input flow rate was performed, ranging from 500 to 2 000 kg/h. The increase in oil input flow
rate was found to allow for sustainability improvements in the FAME production process. A maximum
overall process sustainability value tends towards approximately 77%.
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Abstract

Energy detriment and water pollution increase are the modern world problems. In order
to cope with them, the utilization of water splitting processes is an alternative for the
generation of energy-valuable products such as H, or H,0,. On the other hand, the
utilization of adsorption coupled to Advanced Oxidation Process (AOPs) is a recent option
for the elimination of pollutants from wastewaters. Thus, the pollutants are eliminated
quickly due to adsorption and then the spent adsorbents can be regenerated by applying
AOPs, avoiding the spent adsorbent disposal. These processes require the utilization of
efficient adsorbents and catalysts which are usually expensive and environmentally
unfriendly. This study presents the synthesis of biochars from agroindustry residues so
they can be used as adsorbents and catalysts for both AOPs and water splitting reactions.
The results demonstrate agroindustry residues can be fitted into circular economy by
their utilization on these environmentally-friendly processes.

Author Keywords. Oxygen/Hydrogen Evolution Reaction, Oxygen Reduction Reaction,
regeneration of catalytic adsorbents, radicals generation

1. Introduction
Pollution and energy sources shortage have become a pressing global concern, threatening the
environment and human wellbeing (Wang et al., 2019). To mitigate the pollution issue, adsorption has
emerged as a promising and sustainable technique for pollutant removal. Carbon-based materials have
garnered significant attention as effective adsorbents due to their unique properties, including high
surface area, porosity, and chemical reactivity.
One of the main concerns with spent adsorbents is their proper disposal, as they can pose
environmental risks if not handled appropriately, as adsorbed pollutants onto carbon-based materials
can leach into the environment. Therefore, effective regeneration methods are essential to ensure the
safe and sustainable handling of spent adsorbents (Escudero-Curiel et al., 2021).
Advanced Oxidation Processes (AOPs)are presented as an alternative for the treatment of the spent
adsorbents. These processes are based on the generation of radical species such as SO4-~ or HO- which
attack quickly and non-selectively the organic matter. Thanks to the small size of this particles, they
pass throughout the adsorbent, degrading the retained pollutant within the structure. For carbon-
based materials regeneration one can consider peroxydisulfate (PDS) considering it can be activated
by carbon-based materials, leading to SO4- radicals (Wang et al., 2019).
On the other hand, in order to abate the energy demand, water splitting processes are presented as
an alternative. In this process, water is broken by the application of an overpotential into O, (Oxygen
Evolution Reaction-OER) and into H, (Hydrogen Evolution Reaction-HER). One of the challenges in
water splitting reactions is the need for efficient and cost-effective catalysts to facilitate the
electrochemical reactions, considering the expensive benchmark catalysts for OER and HER, which are
respectively, IrO, and Pt/C. Biochars have been presented as an alternative catalyst (Chen et al., 2022).
In this study, several agroindustry residues are thermally treated to synthesize biochars which can be
used as both water splitting catalysts and AOPs-catalytic-adsorbents.

2. Materials and Methods
Biochar synthesis
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The agroindustry residues (spent coffee, spinach stem, rice bran and potato, corn, banana and
chestnut peels) were washed, dried and grounded prior to synthesis.
Then, they were placed in a tubular furnace (Aero-360) was used and N, was fixed at 2 L/min. Initially,
400 or 8009C were essayed, although the best performant materials were further optimized. In all
cases, the residues were heat-treated for 2 h, having reached the fixed temperature at a rate of
102C/min, attaining the so-called biochars.
These materials were washed 5 times hydrothermally (121 2C, 15 min) in the ratio 1 g/125 mL distilled
water. With that, the porous were cleaned and the excess of ions and organic matter, removed
(Escudero-Curiel et al., 2021).
In order to improve HER performance, MoO,/Mo,C addition was done as previously reported (Chen et
al., 2022).

Water splitting reactions
HER, OER and Oxygen Reduction Reaction (ORR) were evaluated. In all cases, Hg.Cl, was used as the
reference electrode. HER and ORR were carried out under acid conditions (0.5 M H,S0.) and using
carbon paper as the working electrode where the biochars where placed (0.25 mg/cm?) and carbon
stick as the counter electrode. In the case of alkaline OER (1 M NaOH), Ni-foam was used as the working
electrode and Pt wire as the counter electrode.

Adsorption and AOPs tests
The removal of 30 ppm of fluoxetine was evaluated. For that, 10 mg of the as-prepared carbon-based
materials were mixed with 50 mL of the fluoxetine solution in a glass tube which was placed in a rotary
shaker. Adsorption tests were left for 24 h at 80 rpm. For PDS regeneration, 2 mM was added to the
reactor tubes and a sample was taken after 1 h of reaction.

3. Discussion

Water splitting reactions
In the case of water splitting reactions, banana biochar-8002C provided the best results (Table 1). With
this, it is proved that these metal-free materials can be used as water splitting catalysis.
On the case of acid HER, the addition of MoO,/Mo,C, provided a significant enhancement (Table 1).
This was due to the metal addition, which favoured H* reduction (Chen et al., 2022).
On the case of acid ORR, a big oxidation peak at 0.6 V appeared when bubbling O, due to H,0,
generation.

Overpotential (mV) Tafel slope
Material Process 1

10 mA 50 mA 100 mA (mV/dec?)
Banana-8002C OER 408 455 *473 (74.2 mA) 58.4
Banana-8002C:Mo HER 194 *298 (35 mA) - 178.8

Table 6: Results for water splitting reactions (0.25 mg/cm?)

Adsorption and AOPs tests

Some of the attained biochars demonstrated a good adsorption degree (Table 2). PDS regeneration
was essayed, which has showed activation by biochars (Wang et al., 2019). Consequently, fluoxetine
was removed and in the case of the optimal banana-biochar synthesized at 2202C, it could be reused
up to five times with a detriment of 10%, which is within acceptable values explained by the structure
oxidation due to the generated radical attack. This can be seen on the slight modifications found in
FTIR and XPS results.
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Material Uptake (mg/g) PDS regeneration (%)

Banana-220°C 146.48 82.4
Banana-4002C 69.67 26.0
Banana-8002C 57.68 0.5
Spinach-4009C 93.05 43.1

Corn-8002C 51.61 40.4
Chesnut-8002C 9.72 33.3

Table 2: Best adsorption and PDS regeneration results for the synthesized materials.

4. Conclusions
Different agroindustry residues have been used for the synthesis of biochars, which were further used
as adsorbents and catalysts for both AOPs and water splitting processes. This paves the way for a
circular economy approach, where the residues are not only eliminated, but used for environmentally-
friendly aims.
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Abstract

Transitioning to a circular economy is necessary to reduce resource consumption and
waste generation. Waste valorization, such as the hydrothermal carbonization (HTC)
process, can convert agro-industrial waste into hydrochar (HC), which can be utilized as
a carbocatalyst in advanced oxidation processes (AOPs), particularly peroxymonosulfate
(PMS)-based systems, for water treatment. Functionalization with nitrogen can enhance
HC's efficiency. This study evaluated the valorization of alperujo (A) and banana peel (B)
residues into N-HCs for removing Reactive Black 5 (RB5) dye. N-HCs derived from A were
more effective than those derived from B. N-HCA functionalized with EDC crosslinker
achieving an 80% removal of RB5. Active surface complexes were responsible for the
outcome. Based on these results, N-HCA-EDC was also evaluated to remove
Sulfamethoxazole (SMX) achieving a promising 70% removal. This study shows the
potential of waste valorization through HTC to produce efficient N-HCs for water
treatment, highlighting the importance of implementing circular economy strategies to
reduce waste and increase resource efficiency.

Author Keywords. Hydrochar, carbocatalyst, nitrogen-functionalization, wastewater
treatment.

1. Introduction

The unsustainable rate of resource consumption and waste generation is one of the biggest challenges
that the planet is facing today. To tackle this problem, transitioning to a circular economy model has
become mandatory. The circular economy model emphasizes the importance of reusing, recycling, and
adding value to existing materials and products. By valorizing waste, we can extend the life cycle of
products and transform waste into energy or raw materials, thereby reducing the negative impact of
waste on the environment.

Nevertheless, waste is not the only residual product of human activity that poses a threat to the
environment. One of the most alarming is water pollution due to the presence of pharmaceuticals and
other organic compounds which poses a significant hazard to ecosystems and human health. Effective
regulations and processes for degrading these contaminants are essential. Traditional methods of
water decontamination are often insufficient in achieving the desired level of purity. Among the new
processes most studied for decontamination are AOPs. When combined with other processes, such as
adsorption or biological processes, they have been shown to have significant potential in terms of
economic efficiency due to the reduction in the use of chemicals and energy.

AOPs that rely on sulfate, such as the use of PMS, require the use of catalysts. However, metallic
catalysts, which are commonly used in Fenton-like processes, often produce secondary contamination
through leaching or sludge generation, leading to additional costs and operational problems. As a
result, there has been growing interest in developing greener alternatives to traditional methods, such
as carbon-based catalysts or carbocatalysts. A source of carbocatalysts can be found in agro-industrial
waste, which can be valorized into HC using HTC. HC has the potential to be an excellent starting
material for generating carbocatalysts, offering a solution to two environmental problems at once by
promoting a circular economy and fighting water pollution.

While the catalytic activity of pristine HCs is generally lower than that of metallic catalysts, they can be
easily modified to enhance their electronic and physicochemical properties, making them more
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suitable for catalysis. By incorporating certain elements into the carbon atom matrix, the surface
charge balance can be broken, inducing polarization of bonds at the point of inclusion, resulting in a
more favorable material for chemical catalysis (Dai et al. 2012). Doping with heteroatoms as Nitrogen
for functionalization helps to modify the surface properties of HCs, thereby favoring electron transfer
mechanisms that trigger different pathways of PMS activation. Figure 1 shows the possible PMS
activation by a N-HC.

This study has specific objectives that include valorizing two abundant agro-industrial wastes using
HTC to produce N-HC as nitrogen-doped carbocatalysts. The next objective is to evaluate the catalytic
capacity of the N-HC in the PMS activation for the removal of a model organic contaminant, RB5 and
a pharmaceutical, SMX. Lastly, the mechanism of action of the N-HC in N-HC/PMS systems will be
elucidated.

reactions

Singlet oxygen 10,) ,

Figure 1: Possible PMS/N-HC activation mechanisms.

2. Materials and Methods

The HC precursors utilized in this study were Alperujo (A), the primary waste product of olive oil
production, and banana peel (B), which were kindly supplied by local companies (Aceites Abril S.L. and
FreshCut S.L., respectively). The chemicals RB5, SMX, PMS, Polyethileneimine (PEl), glutaraldehyde
(GTA), and 1-etil-3-(3- dimetilaminopropil)carbodiimide (EDC) were provided from Merck and TCI
Europe N.V.

The synthesis of HCs involved using A and B as HC precursors, in a 1:3 solid:liquid ratio, and heating
them in a cylindrical stained steel hydrothermal reactor for 2.5 h at 220 2C. After cooling, the reactors
were opened, and the HCs were washed, filtered, and stored. To functionalize the HCs with nitrogen
(N-HC), two post-treatments were applied: with GTA or EDC crosslinkers after adding PEI. The catalytic
capacity of the resulting N-HCs was evaluated by adding a catalyst load of 0.1 g/L and 2 mM PMS to 50
mL of 0.05 mM RB5 or SMX solution in cylindrical, amber-colored reactor tubes and agitating for 2
hours. Quenching experiments were also conducted by adding one of the quenchers NaNs, KI, or
methanol to the catalytic evaluation assays. Adsorption controls and controls of PMS activity alone
were also performed.

3. Discussion

The performance of the carbocatalysts obtained from A was found to be significantly higher compared
to those obtained from B. While the adsorption exhibited by both A and B materials was low, it
improved considerably for all N-HCs. This improved adsorption can enhance the interaction between
active complexes on the surface and pollutants (Navalon et al. 2014), leading to a higher catalytic
capacity. N-HCs synthesized using EDC as the crosslinker showed the highest yield in removing RB5,
suggesting that this compound is more effective in introducing nitrogen into the HC structure, leading
to better performance in the N-HC/PMS system. In order to understand how PMS is activated, it is
essential to determine the dominant oxidizing species in the N-HC/PMS system. N-HCA-EDC was found
to be the most effective material in removing RB5, achieving an 80% removal rate, and was therefore
used in scavenger experiments to identify the active species. The results showed that the majority of
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the decolorizing capacity of the N-HC/PMS system was due to the active complexes, with singlet
oxygen coming in second. These findings support the notion that the non-radical pathway is the main
mode of PMS activation by N-HCA-EDC. In addition, it is noteworthy that the catalytic performance of
N-HCA-EDC was also evaluated for the removal of SMX, achieving a removal efficiency of 70%, which
further confirms the potential of this material as an efficient catalyst for the removal of organic
contaminants.

4. Conclusions
N-HCs enhance waste treatment and circular economy principles by functionalizing carbon materials
to improve catalytic activity. Nitrogen doping using EDC as a crosslinker significantly boosts N-HCs'
catalytic performance, activating PMS in N-HC/PMS systems. This sustainable, low-cost approach
offers an eco-friendly alternative to metal-based catalysts that generate high waste and use non-
renewable resources.
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Abstract

The chirality of a molecule influences its properties and function. Therefore, the ability
to control chirality can have significant implications for the development of new
materials and drugs. Here, we demonstrate the chirality transfer from the macroscopic
chiral shape of a 3D helical microchannel to the chirality of supramolecular
nanoassemblies. Chiral information is transferred top-down thanks to the interplay
between asymmetric secondary flows and precise spatiotemporal control of reagent
concentration. Our results show that it is possible to enantioselectively control molecular
processes at the nanoscale by modulating the reactor geometry.

Author Keywords. Chirality, chiral symmetry breaking, secondary flow, microfluidics.

1. Introduction

Chirality is a property of molecules that cannot be overlapped with their mirror image. When a group
of molecules have the same chirality, they are said to have homochirality, which is a fundamental
characteristic of living matter. However, the origin of homochirality is still unknown and a subject of
intense research, given its key role in determining the function of molecules and supramolecular
assemblies (Ruiz-Mirazo, Briones, and De La Escosura 2014).

An enantiomeric excess reflects the degree to which a sample contains one chiral form in greater
amounts than the other. This excess can spontaneously emerge during the self-assembly of an achiral
molecule into a chiral aggregate due to a chiral symmetry breaking process (Liu, Zhang, and Wang
2015). Importantly, external influences such as circularly polarized light (Kim et al. 2015) or mechanical
forces (Ribd et al. 2001) can bias a spontaneous symmetry breaking process towards a deterministic
state. This means that the process can be biased to dictate the chiral form that is predominantly
created, while, if no bias were applied, the enantiomeric excess would result from a stochastic process.
Yet, in these processes, the mixing of reagents and the nucleation/aggregation events have not been
controlled, nor has the role of mass transport in chiral selection phenomena been investigated.
Addressing this limitation is fundamental given that spatial and temporal control over the reagents
mixing is known to have a strong effect on the outcome of self-assembly processes (Sevim et al. 2018).
Here, we demonstrate that we can rationally control a chiral symmetry breaking process occurring in
a helical microchannel by manipulation of the secondary flows generated within it. Our numerical
simulations of fluid flow and mass transport inside the device show how the mass transport is
influenced by the asymmetry of the secondary flows. Furthermore, our results are confirmed by
microfluidic experiments and circular dichroism (CD) spectroscopy.
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2. Materials and Methods

We considered two helical microchannels in simulations and experiments: one with a short pitch (1.5
mm) and another with a long pitch (7.5 mm). Both geometries were prepared and 3D-printed in their
right-handed (R) and left-handed (L) forms, resulting in four devices Rshort, Riong, Lshort, Liong (S€€
representation of the R geometries in Figurea-b). An achiral porphyrin in aqueous solution was injected
at the central inlet (red region in Figurea-b) and was focused by a flow of NaCl in aqueous HCI (blue
region in Figurea-b). Because porphyrin molecules aggregate into chiral structures spontaneously, they
can be used to investigate chiral symmetry breaking phenomena. Numerical simulations of flow and
mass transport along these microfluidic devices were performed using ANSYS Fluent. CD spectroscopy
was used in microfluidic experiments to measure the chirality of the aggregates created inside the
devices.
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Figure 1. Mass transport and 2D representation of the 3D secondary flows forming inside the
(a) Rshort and (b) Riong devices. Representative CD spectra in (c) short-pitch and (d) long-pitch
devices.

3. Discussion

In helical microchannels, secondary flows with three-dimensional counter-rotating vortices are formed
due to the centrifugal forces acting on the fluid when it is made to turn. Simulations showed that, while
the vortices are symmetric in the short-pitch device (Figurea), they are asymmetric in the long-pitch
device (Figureb). Also, and as expected, the flow pattern in Lsnort and Liong devices mirror those in the
corresponding Rshort and Riong devices. More importantly, the different flow patterns in the short and
long devices implied that the porphyrin was exposed to distinct flow conditions in both devices. While
in the Rshort device the porphyrin was exposed to both counter-rotating vortices (Figurea), in the Riong
device the porphyrin was only exposed to the lower vortex (Figureb), and its counter-clockwise
rotation. We were able to expose the porphyrin to a single vortex by leveraging the asymmetry of the
secondary flow, and in doing so, we ensured that the protonation of the porphyrin and the consequent
nucleation events occurred under one rotation. We evaluated the progress of the aggregation and the
generation of an enantiomeric excess via CD spectroscopy. Aggregates formed with the Rshort and the
Lshort devices produced similar CD spectra, indicating equivalent supramolecular chirality (Figurec). Yet,
CD spectra from the samples obtained with the Riong and the Liong devices were similar in magnitude
but opposite in sign (Figured), indicating the formation of aggregates with opposite chirality. This
shows that, by making the protonation / nucleation events occur under the influence of a single vortex,
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the long-pitch devices induced a deterministic bias in the supramolecular chirality of the porphyrin
aggregates. In other words, the long-pitch devices allowed to select the chiral sign of the aggregates.
Importantly, aggregates with inverted chiral sign can be obtained using a helical microchannel with
opposite handedness (R or L), to induce a flow field with mirrored secondary flow.

4. Conclusions

We showed that chirality can be transferred top-down from the 3D macroscopic handedness of the
fluidic reactor to the supramolecular level of porphyrin aggregates when protonation / nucleation
events are made to occur in a single vortex. These findings point towards the possibility of
enantioselectively controlling molecular processes such as self-assembly via modulation of the
geometry and operating conditions of fluidic reactors.

References

Kim, Jisung, Jinhee Lee, Woo Young Kim, Hyungjun Kim, Sanghwa Lee, Hee Chul Lee, Yoon Sup Lee, Myungeun Seo, and
Sang Youl Kim. 2015. “Induction and Control of Supramolecular Chirality by Light in Self-Assembled Helical
Nanostructures.” Nature Communications 6. https://doi.org/10.1038/ncomms7959.

Liu, Minghua, Li Zhang, and Tianyu Wang. 2015. “Supramolecular Chirality in Self-Assembled Systems.” Chemical
Reviews 115 (15): 7304-97. https://doi.org/10.1021/cr500671p.

Ribd, Josep M., Joaquim Crusats, Francesc Sagués, Josep Claret, and Raimon Rubires. 2001. “Chiral Sign Induction by
Vortices During the Formation of Mesophases in Stirred Solutions.” Science 292 (5524): 2063-66.
https://doi.org/10.1126/science.1060835.

Ruiz-Mirazo, Kepa, Carlos Briones, and Andrés De La Escosura. 2014. “Prebiotic Systems Chemistry: New Perspectives
for the Origins of Life.” Chemical Reviews 114 (1): 285-366. https://doi.org/10.1021/cr2004844.

Sevim, S., A. Sorrenti, C. Franco, S. Furukawa, S. Pané, A. J. DeMello, and J. Puigmarti-Luis. 2018. “Self-Assembled
Materials and Supramolecular Chemistry within Microfluidic Environments: From Common Thermodynamic States
to Non-Equilibrium Structures.” Chemical Society Reviews 47 (11): 3788-3803.
https://doi.org/10.1039/C8CS00025E.

Acknowledgments

This work is supported by LA/P/0045/2020 (ALiCE), UIDB/00532/2020 and UIDP/00532/2020 (CEFT),
funded by Portugal through FCT/MCTES (PIDDAC), and by the EU, from the Horizon 2020 FETOPEN
project SPRINT (No. 801464). Additionally, this work is supported by the European Research Council
Starting Grant microCrysFact (ERC-2015-STG No. 677020), the Swiss National Science Foundation
(project no. 200021 _181988), and grant PID2020-116612RB-C33 funded by MCIN/AEI
/10.13039/501100011033.

| 59



Numerical study of particle dynamics in high-efficiency gas-solid cyclone

loaded with spherical steel shot
Pedro Pacheco’?", Manuel A. Alves'?, Jodo Campos'?, Julio Paival?3

1 Centro de Estudo de Fendmenos de Transferéncia (CEFT), Departmento de Engenharia
Quimica, Faculdade de Engenharia, Universidade do Porto, Rua Dr. Roberto Frias, 4200-465
Porto, Portugal

2 Associate Laboratory in Chemical Engineering (ALICE), Departamento de Engenharia
Quimica, Faculdade de Engenharia, Universidade do Porto, Rua Dr. Roberto Frias, 4200-465
Porto, Portugal.

3 Advanced Cyclone Systems, SA, Rua de Vilar, 235, 32E, 4050-626 Porto, Portugal

* up201304015@edu.fe.up.pt

Abstract

This work explores fluid and particle dynamics in a high-efficiency gas-solid cyclone
loaded with spherical steel particles using a numerical model based on computational
fluid dynamics (CFD) coupled with the discrete element method (DEM). The methods
used to simulate the fluid and solid phases and the obtained results are presented,
focusing on the mechanics of particle collisions and trajectories. The results demonstrate
that the CFD-DEM technology is well-suited for the numerical simulation of gas-solid
cyclones loaded with abrasive spherical steel particles, and that the analysis of particle
dynamics provides important insights into relevant mechanical processes.

Author Keywords. Cyclone separator, CFD-DEM, particle dynamics.

1. Introduction

Cyclone separators are an economical and convenient solution for gas-solid separation. They are
simple to fabricate, can operate continuously, and have reduced maintenance requirements compared
to alternatives, such as filter separation units (Hoffman et al. 2007). Their separation efficiency
depends on the characteristics of the solid phase and on the fluid flow field which, by extension, is
heavily dependent on the geometry of the flow manifold. The use of numerical techniques to model
the operation of cyclones has been growing over the last two decades with the significant increase in
available computing power. These numerical tools have provided powerful insights into the physics
and phenomenology of gas-solid cyclones.

Numerical modelling of cyclones is still a significant challenge, as the fluid phase is characterized by a
very high degree of turbulence and swirl, requiring sophisticated turbulence modelling and high-
resolution computational grids. Furthermore, the solid phase may be composed of 108 — 10° individual
particles with complex shapes and significant particle-fluid-particle and particle-particle interactions
(Dehdarinejad and Bayareh 2021). In this work, we explore fluid and particle dynamics in high-
efficiency cyclones loaded with spherical steel abrasive using a numerical model based on
computational fluid dynamics (CFD) coupled with the discrete element method (DEM).

2. Methods

To simulate fluid and solid phases in a high-efficiency gas-solid cyclone, we used the opensource code
CFDEM®coupling-PFM for coupled CFD-DEM simulation (Pietsch et al. 2016). The fluid was modelled
using the finite volume method to solve the Navier-Stokes equations for incompressible fluid flow,
incorporating the Wall Adapting Local Eddy-viscosity method to model the sub-grid scale turbulence
(Hreiz et al. 2011). The Navier-Stokes equations are modified to consider the presence of a solid phase
and include particle-fluid coupling as a source term, encompassing sub-models for pressure gradient
force, viscous force, and drag through the Koch-Hill model (Zhou et al. 2010). The solid phase was
modelled using DEM to solve Newton's laws of motion for translational and rotational movement of
each particle in the ensemble. The Hertzian contact model was used to calculate particle-particle and
particle-wall interaction forces.

The CFD mesh was composed of 2.1 million elements. The inlet velocity was set as 28 m/s and the
average pressure at the outlet was set to the atmospheric pressure. Spherical steel shot is modelled
with the material properties of high carbon steel, and injected at a mass flowrate of 7 kg/h
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corresponding to a particle injection rate of nearly 30000 particles per second. Injected particles had
a radius ranging from 70 to 145 um obeying a Rosin-Rammler distribution.

3. Results and Discussion

Figure shows instantaneous snapshots of particle positions in the cyclone, colored by linear and
angular velocity magnitude. Note that angular velocity refers to the spin of the particles. Particles are
injected with the same velocity as the gas flow (28 m/s) without any rotational motion. The high linear
momentum causes them to strike the inlet target zone, directly opposite to the inlet, with little effect
from the fluid phase. This initial impact dissipates most of their linear kinetic energy, with the average
linear kinetic energy per particle decreasing by two orders of magnitude after collision. Part of the
dissipated linear kinetic energy is transferred into rotational kinetic energy due to the internal
curvature of the cyclone wall. As can be seen in Figureb, the angular velocity shortly after the initial
impact can exceed 15000 rad/s, equivalent to a full revolution roughly every 0.4 ms.
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Figure 1: XZ plane views of particle snapshots colored by linear (a) and angular (b) velocity magnitudes, with logarithmic scale

Following this initial impact, particles follow a nearly ballistic trajectory as they collide successively
against the walls, with each collision dissipating linear momentum. This dissipation is stronger in the
direction normal to the wall, with each successive collision leading to a weaker elastic rebound. As
particle momentum decreases with each collision, momentum transfer from the gas to each particle
becomes more dynamically relevant. These two effects act in tandem confining particle trajectories to
the wall, traveling in a tightly wound spiral, and experiencing linear and rotational deceleration caused
by sliding and rolling friction. This behavior, together with the effect of local geometry in the transition
zone between the cylindrical and conical sections of the cyclone, lead to the accumulation of particles
in strands, which become denser and denser as the particles move towards the collection bin.

Conclusions

CFD-DEM technology is well-suited for the numerical simulation of gas-solid cyclones loaded with
spherical steel particles, as judged by the physical realism of simulation results. A thorough analysis of
particle dynamics throughout the cyclone was conducted, showcasing the relevant mechanical
processes.

| 61



References

Dehdarinejad, Ehsan, and Morteza Bayareh. 2021. "An overview of numerical simulations on gas-solid cyclone
separators with tangential inlet." ChemBioEng Reviews 8 (4): 375-391.

Hoffman, Alex C. and Louis E. Stein. 2007. Gas Cyclones and Swirl Tubes: Principles, Design and Operation. 2 ed. New
York: Springer.

Hreiz, Rainier, Caroline Gentric, and Noél Midoux. 2011. "Numerical investigation of swirling flow in cylindrical
cyclones." Chemical Engineering Research and Design 89 (12): 2521-2539.
https://doi.org/https://doi.org/10.1016/j.cherd.2011.05.001.

Pietsch, Swantje, Stefan Heinrich, Frank Kleine-Jager, Michael Schonherr, and Katja Karpinski. 2016. "CFDEM®
modelling of particle coating in a three-dimensional prismatic spouted bed."

Zhou, Z. Y., S. B. Kuang, K. W. Chu, and A. B. Yu. 2010. "Discrete particle simulation of particle—fluid flow: model
formulations  and  their  applicability."  Journal = of Fluid  Mechanics 661: 482-510.
https://doi.org/10.1017/5002211201000306X.

Acknowledgments

This work was financially supported by: Base Funding - UIDB/00532/2020 and Programmatic Funding
- UIDP/00532/2020 of CEFT - funded by national funds through the FCT/MCTES (PIDDAC); PhD grant of
P. T. Pacheco was funded by Advanced Cyclone Systems, S.A; and ALICE through project
LA/P/0045/2020.

| 62



Towards an Optimization of the NETmix for Ozonation: Evaluation of the

Effect of Channel Length on the Gas-Liquid Mass Transfer
Paulo Henrique Marrocos'?, Luis Silval?, Mateus Pituco®?, Isabel
Fernandes™?, Ricardo Santos?, Vitor Vilarl2

1LSRE-LCM — Laboratory of Separation and Reaction Engineering — Laboratory of Catalysis and
Materials, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465 Porto,
Portugal

2ALICE — Associate Laboratory in Chemical Engineering; Faculty of Engineering, University of
Porto, Rua Dr. Roberto Frias, 4200-465 Porto, Portugal

*Corresponding author: vilar@fe.up.pt; ORCID: 0000-0003-0943-2144

Abstract

The innovative geometry of the micro/meso-structured static mixer NETmix provides a
powerful gas/liquid mixing intensity, enabling its use for ozonation through a sidestream
configuration. Thus, this work aims the enhancement of the NETmix for ozonation by
evaluating the influence of the mixer’s channel length on the gas-liquid mass transfer.
This assessment was done by the construction of three similar NETmix units, differing
only in their channel length - it was considered 1 mm, 2 mm and 4 mm —, and the
measurement of the volumetric mass transfer coefficient for each NETmix at a selection
of gas and liquid flowrates. It was shown a significant influence of the channel length on
the gas-liquid mass transfer, whereby there was an increase of 17% in the volumetric
mass transfer coefficient when the length was reduced from 4 mm to 1 mm.

Author Keywords. Ozonation, Gas-liquid Mass Transfer, NETmix Static Mixer,
Optimization

1. Introduction

Ozonation is a powerful method for water/wastewater treatment due to the oxidation potential of
ozone molecules enabling the degradation of persistent organic molecules and disinfection.
Traditionally it is used bubbling devices, such as fine bubble diffusers, to combine two processes in the
same contact chamber: transferring the ozone gas into the water/wastewater to be treated, along
with the reaction process. Although common, this approach carries several disadvantages, such as a
large footprint. An alternative approach considers the use of a sidestream configuration, consisting in
the splitting-off a fraction of the main flow, into which the ozone is mixed by efficient equipment such
as a venturi or a static mixer, and subsequently, this stream saturated with ozone is injected back into
the main flow, consequently reducing the total size of the equipment (Rakness 2005).

The micro/meso-structured static mixer, the NETmix, consists of a network of unit cells composed by
a cylindrical chamber connected to four prismatic half-channels, each at a 45° of the flow direction.
Due to its innovative geometry, the NETmix presents interesting mixing capabilities for one-phase and
two-phase flows (Costa et al. 2022), displaying a huge potential for ozone dissolution using a
sidestream configuration. Hence, this work aims to investigate the effect of a NETmix geometrical
property, the channel length, on the gas-liquid mass transfer, to optimize its application for ozone
dissolution.
2. Materials and Methods

In order to evaluate the effect of the NETmix channel length (L) on the gas-liquid mass transfer,
three NETmix units, made of acrylic, were conceived, each of which was identical in their depth (w =
2 mm), chamber diameter (D = 6.75 mm) and channel width (d = 1 mm), differing only in L.
Hence, in this work, it was adopted 4 inlets and 9 rows of chambers, in addition to three values of
channel length: 1 mm, 2 mm and 4 mm. As such, the gas-liquid mass transfer for each NETmix unit was
assessed by the measurement of the volumetric mass transfer coefficient (k;a) associated to co-
current downwards gas-liquid flows at chosen values of liquid and gas flowrates (@, and Qg,
respectively). To perform these measurements, it was used a dissolved oxygen desorption method
through nitrogen injection technique, as described by (Al Taweel et al. 2005). The experimental
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apparatus utilized is displayed in Figure 1a. Consequently, for each experiment, 5 dm? of demineralized
water, saturated with oxygen, was placed inside a jacketed tank at 20 °C. Once the desired temperature
was attained, the water was pumped into the NETmix through a venturi injector, in which it was
simultaneously injected nitrogen gas, thus initiating the desorption of the dissolved oxygen in the
liquid. Thereafter, samples of the gas-liquid mixture were collected at the outlet of the NETmix at fixed
time intervals. Subsequently, a dissolved oxygen probe was utilized to measure the dissolved O,
concentration (Cgfu) associated with each sample, by which the related k; a to the evaluated condition
was computed, as given by Equation 1. This equation was used to calculate the k;a value for each
sample, whereby an average of the computed values was used as the result associated to the gas/liquid

flowrate conditions at which the experiment was performed.
0

(1+ QL ) Coit _ QL

QcH CIOn2 QcH
In which Cglz is the dissolved oxygen concentration at the venturi inlet; H, the Henry coefficient for
oxygen based on molar concentrations, measured to be 27 at room temperature (Al Taweel et al.
2005); and t;, the liquid passage time, given by Equation 2.

1-ag QL
T, = 0, VNETmix (1 + QGH) (2)

Whereby Vygrmix IS the NETmix volume and a;; is the gas hold-up, which was numerically estimated

through CFD simulations. As such, the described procedure was performed for liquid and gas flowrates
both ranging from 30 Ndm3h™ to 60 Ndm?3-h'%, for each of the three NETmix units.

3. Results and Discussion

According to Higbie’s penetration theory, the liquid-side mass transfer coefficient k;, = 2,/D,/(m0),
in which D is the diffusion coefficient of the gas species in the liquid and 6 is the time during which
the body of gas is in contact with the liquid.

Therein, 6 is often interpreted as the inverse of a surface renewal rate S, such that S = 1/6, meaning
that a body of gas in contact with a high velocity liquid leads to lower exposure times, and,
consequently, larger surface renewal rates: hence, Higbie’s theory predicts an enhancement of the
mass transfer in these situations due to an increase in k;. As a consequence of the micro/meso scale
of the NETmix, this mass transfer enhancement phenomenon is expected to occur, however, as the
mixer is associated to different length scales between the chambers and the channels, the strength of
the phenomenon is also expected to vary between these two elements of the unit cell. The liquid
velocities around the bubbles at the channels are much larger than at the chambers due to the minimal
space available for its flow, leading to small 8 and, consequently, large values of surface renewal at
the channel. Thus, the surface renewal rate in the NETmix - and, by extension, the gas-liquid mass
transfer - is controlled by the dimensions of the channel. As is displayed in Figure 1b, the average and
respective standard deviations of the results, obtained from the experiments varying the injected gas
and liquid flowrates, of the ratio of the k; a measurements for channel lengths 1 mm and 2 mm in
relation to those for 4 mm confirm that the variation of L., leads to a significant effect on the mass
transfer. Hence, these results show that reducing the channel length, thus reducing 6 and increasing
S, leads to a gas-liquid mass transfer enhancement of the NETmix, which is in agreement with Higbie’s
theory.

(1)

kia= 11
L4 = TLn
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Figure 1 —a) lllustration of the experimental setup used in this work, along with each NETmix
unit employed; b) average and standard deviation results of the ratio of the k;a
measurements, encompassing all flowrate conditions tested, for 1 mm and 2 mm channel
length in relation to measurements for 4 mm length.

4. Conclusions

This study evaluated the effect of the channel length of a NETmix static mixer on the gas-liquid mass
transfer through the measurement of the volumetric mass transfer coefficient as a function of three
values of channel lengths - 1 mm, 2 mm and 4 mm — for various gas and liquid flowrates. The results
confirmed that the channel length of the NETmix has a significant role on the gas-liquid mass transfer,
in which the reduction of the length led to an enhancement of the transfer: there was a 17% increase
on the volumetric mass transfer coefficient as the length was reduced from 4 mm to 1 mm.
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Abstract

Firefighters suffer local burns in areas where attachments (such as trims) are present in
the outer surface of the Fire Protective Clothing (FPC). Moisture presence in the FPC
could be the reason behind the occurrence of these burns (1). However, little is known
about the mechanisms by which such occurs. Possible solutions to this problem could be
making the attachments porous or even increasing moisture barrier tortuosity in the
positions where attachments are present. Thus, in this work, a numerical study is carried
out utilizing a heat and mass transport model for textiles to measure the thermal
performance of FPC, incorporating porous attachments and moisture barriers with
enhanced tortuosity. Second-degree burn times are computed utilizing the Henriques
criterion for different attachment porosities, moisture barrier tortuosity, initial water
distributions, and heat flux exposures. The observed tendencies are also discussed in
terms of the identified heat and mass transfer mechanisms.

Author Keywords. Firefighting, scald burns, Porous attachments, Tortuosity, Moisture

1. Introduction

Fire protective clothing usually consists of three main layers; an outer shell, moisture barrier, and
thermal inner. Each layer has a specific function. Namely the outer shell serves primarily to provide
mechanical resistance, whilst the moisture barrier and thermal inner serve to provide protection
against hazard liquids and thermal insulation, respectively. Fire protective clothing may become wet
due to a variety of reasons during its use in everyday deployments. The firefighter may sweat profusely
during strenuous tasks or be hose sprayed during fire suppression (Prasad et al. 2002). Consequently,
the presence of water in the FPC introduces the possibility of steam production inside of it, especially
when facing high heat intensity exposures. On one hand, water phase change lowers the temperatures
in the FPC suit, but on the other, hot steam is formed. Such diffuses towards the environment and the
skin elevating the risk of scald burn occurrence (Fonseca Malaquias et al. 2022). The presence of trims
or attachments may hinder water vapor from diffusing towards the environment and thus the risk of
scald burn occurrence becomes greater. Potential solutions to mitigate this problem include either
making the attachments porous or increasing the moisture barrier tortuosity. The effectiveness of
these solutions in mitigating the occurrence of scald burns are investigated in this study.
2. Materials and Methods

Based on Gibson's model, a heat and mass transport model for hygroscopic porous media is utilized to
compute the heat and mass debits in the different layers of the FPC (Gibson 1994; Fonseca Malaquias
et al. 2022). The FPC is assumed to be constituted by an outer shell, moisture barrier, and thermal
inner. The model is implemented in COMSOL Multiphysics® 6.0. Pennes’ bioheat model (Pennes 1948)
is utilized to simulate the heat transport in the skin, along with the Henriques burn criterion, to
compute second-degree burn times (Henriques 1947). A parametric study is performed where
attachment porosity is varied between 0 (impermeable) and 1 (no attachment present), moisture
barrier tortuosity between 2.87 and 23.0 (i.e., an 8-fold increase), outer shell and thermal inner
wetness levels between 0 and 100 %, and radiative heat flux between 5 kW/m? and 80 kW/m?. A mesh
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of 1540 elements is utilized. A backward differentiation formula solver is utilized to calculate the time
steps taken according to a relative and absolute tolerance of 107 for all variables except temperature
and gas phase volume fraction (i.e.,102). The tolerance criterion is limited by a maximum time step of
0.1s. A Newton-dampened solver is utilized to solve the resulting discretized algebraic equations from
the PDE system at each time step.
3. Discussion

Figurea shows the second-degree burn times obtained for different outer shell wetness levels. As can
be seen, the attachment porosities which promote second-degree burns vary with wetness level. For
example, if the outer shell is fully saturated with water (i.e., 100 %), an attachment with a porosity
above a threshold value of 0.4 will have a negligible effect on second-degree burn time, while the
opposite is true if it is below this value. This threshold value tends to decrease with outer shell wetness
level such that for shallow wetness levels (i.e., 20 %), the introduction of an attachment, even if
impermeable, does not decrease second-degree burn time. A possible way of countering the adverse
effects on second-degree burn time introduced by the attachment is to increase the tortuosity of the
moisture barrier (Figureb). However, as can be seen, such a solution is only effective in particular
conditions. For example, increasing moisture barrier tortuosity 2 — fold is only beneficial for situations
where a fully saturated outer shell is present and the porosity of the attachment is 0.2 (i.e., Figureb,
2x/1x_100%).

a) b)
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Figure 7: Parameters obtained assuming a 20 kW/m2 heat exposure: a) Second-degree burn times obtained in function of
attachment porosity, and for the various indicated outer shell wetness levels b) Ratio between second-degree burn times
obtained for the indicated tortuosity values (e.g., 2x/1x_20% reads second-degree burn time obtained with a 2-fold tortuosity
increase divided by second-degree burn time obtained with original tortuosity value of 2.87, for an outer shell wetness level
of 20%)

4. Conclusions

Adding attachments, such as trims, to the outer surface of the fabric is inevitable due to FPC
requirements. Such may introduce hindrance of moisture transport towards the environment and
therefore promote scald burns on the firefighter. It is thus of imperative importance to find solutions
to hinder this effect. Two possible solutions (increasing attachment porosity or increasing moisture
barrier tortuosity) have been investigated. It is demonstrated that, depending on the exposure
scenario, it might be beneficial to use porous attachments with specific porosity values. Increasing the
moisture barrier tortuosity might be beneficial or prejudicial depending on the water distribution in
the FPC (at the attachment position) and the heat flux exposure considered. The data generated could
aid in the design or modification of current attachments and FPC so that firefighters are less likely to
suffer local scald burns.
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Abstract

ChannelCOMB, a consecutive flow distributor, was constructed by additive
manufacturing (AM) for experimental validation. The feasibility of using AM was
experimentally analyzed for two techniques: stereolithography (SLA) and fused
deposition modeling (FDM). For the best ChannelCOMB configuration, SLA printingshows
a maximum of ca. 4 % in flow deviation, while FDM has a maximum of ca. 15 %. Thus, the
SLA technique promotes better flow uniformity due to the fabrication toleranceand
material permeability. The results also show that the experimental flow distribution
measured for the best ChannelCOMB configuration printed by SLA can be well predicted
by both computational fluid dynamics simulations and a model based on resistance
analogues proposed in a previous work.

Author Keywords. Additive Manufacturing, ChannelCOMB device, Flow Distribution
Uniformity, Mesostructured Reactors

1. Introduction
Flow distribution uniformity is crucial for the successful performance of reactions in meso and micro-
channel reactors operating as continuous flow systems (Barbosa et al. 2021). The flow distribution
ensures that all the channels operate under similar conditions of flow regime, mass, and heat transfer.
The flow distribution through several channels can be ensured by arrays of flow controllers or by
manifold devices that split the flow through the channels. Recent and fast prototyping tools enable to
construct accurate devices geometries optimized through computational fluid dynamics (CFD) and the
experimental evaluation of their performance (Parra-Cabrera et al. 2018). This works focuses on two
widespread AM technologies: SLA and FDM. In order to understand the influence of FDM and SLA 3D
printing processes for flow distribution uniformity, several ChannelCOMB geometries were tested and
compared (Barbosa et al. 2021; Barbosa et al. 2023).

2. Materials and Methods
ChannelCOMB Device

Figure 1 shows a sketch of ChannelCOMB and the respective parameters. In this device, the fluid is
injected from a single inlet in a prismatic channel that has an expansion into a prismatic chamber where
the flow is distributed to an array of ten evenly spaced channels (Barbosa et al. 2021).

. S .0

Figure 1: ChannelCOMB sketch
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The dimensions of geometric parameters of the three tested devices are listed in Table 1.

ChannelCOMB10 ChannelCOMB20 ChannelCOMBOptim

I/ mm 120 120 120
hin /mm 20 20 20
hjets /mm 6 6 6
h /mm
wjets /mm
e /mm 10 20 20
ejets/ mm 10 20 1
s/mm 10 10 10

|- device length, hjn —inlet height, hjets —outlet channel height, h — chamber expansion height, wjets — outlet channel width,
e —reactor depth, ejets — outlet channels depth and s - spacing between the outlet channels.
Table 1: ChannelCOMB Dimensions

The ChannelCOMB was analysed according to its ability for the uniform flow rate distribution for Re
numbers (59 and 196) and several geometric parameters, namely ChannelCOMB10, ChannelCOMB20
and ChannelCOMBOptim. In a previous work, the ability of ChannelCOMB to uniformly distribute the
inlet flow rate throughout the ten outlet channels was numerically demonstrated by a Resistance
Analogue Model and CFD simulation, showed that the best design was obtained using
ChannelCOMBOptim.

Flow rate distribution were assessed by the calculation of % Deviation, which is given by:

i—of
% Deviation = M x 100

Q

where Q; is the flow rate in channel i and @ is the average flow rate.

1.1. Additive Manufacturing Techniques

Two additive manufacturing techniques were applied in the construction of ChannelCOMB: FDM and
SLA and the differences between them in the uniform flow distribution were accessed. Also, three
configurations of ChannelCOMB labelled as ChannelCOMB10, ChannelCOMB20 and
ChannelCOMBOptim were considered for this study. The characteristics of 3D printing processes are
described in Table 2.

Table 2: Characteristics of FDM and SLA 3D printing processes for ChannelCOMB construction.

FDM SLA
3D Printer BEETHEFIRST+ from Beeverycreative ® Form 2 from Formlabs ®
Printing Material PLA (polylactic acid) Filament Clear V4 from Formlabs
Fabrication’ Tolerance 100 um 50 um

3. Results and Discussion
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A general comparison between SLA and FDM is in Figure 2, which shows the maximum and average
%deviation of the mean flow rate as a function of flow rate.

20

—8—FDM10Average
> --©--FDM10Max
—®—SLA10Average

10 --©--SLA10Max

% Deviation

——FDM20Average
-{+-FDM20Max
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Q/m3st
Figure 2: Maximum and average deviation for ChannelCOMB devices for both techniques: SLA and FDM.

Comparing the SLA and FDM results in Figure 2, the flow distribution uniformity seems to be influenced
by the manufacturing techniques' accuracy. All the devices printed using SLA (coloured by grey), which
is the technique with lower tolerance (50 um), present a lower %deviation for all flow rates tested,
meaning that SLA promotes a better flow distribution uniformity. Therefore, SLA has the capability of
printing more high-resolution parts than FDM. Nevertheless, FDM is the most suitable technique in
terms of printing simplicity because the process basically consists of heating the polymer filament to a
semi-solid state and depositing it on the print bed.
4. Conclusions

As conclusion, the flow distribution uniformity is influenced by the manufacturing techniques and

therefore, it would be recommended to resort to SLA technique to construct a flow distribution applied

to micro/milli reactors, which are very sensible to differences in flow distribution.
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Abstract

This work focuses on the identification of different flow regimes in Baffled Reactors
operating without external stimuli. It seeks full comprehension of the mixing mechanisms
and dynamics for subsequent optimization of the active mixing parameters when
applying the external oscillatory stimulus. Computational Fluid Dynamics (CFD)
simulations were performed to understand the flow behavior under different operational
Reynolds (Re) numbers. Different 3D geometries were studied, a planar and a cylindrical
form containing smooth periodic constrictions (SPC). For the planar geometry, the
influence of the reactor’s depth on the flow dynamics was also assessed. The dominant
flow scales and the flow natural oscillation frequency at different regimes were identified
through spectral analysis.

Author Keywords. Baffled Reactors, Flow Regimes, CFD, Turbulence Scales

1. Introduction
Oscillatory Baffled Reactors (OBRs) are a type of Oscillatory Flow Reactors (OFRs) composed of a tube
with equally spaced baffles, to which an oscillatory flow is imposed. Application of these devices has
been widely reported on batch processes, but recent studies focus on continuous operation, such as
continuous crystallizations of active pharmaceutical ingredients (Cruz et al. 2021). However, the
control of mixing scales in OBRs is not yet mastered, which, for instance, compromises the nucleation
stage during crystallization (Avila et al. 2021).
Characterization of flow regimes in reactors, such as ClJs and NETmix, has been widely studied at LSRE-
LCM since it enables control of mixing scales and the improvement of mixing efficiency (Erkog et al.
2016). Efficient mixing occurs when the flow transitions from a segregated regime (no mixing) to a
chaotic state where vortex shedding promotes convective mixing, while keeping the Re within the
laminar flow range.
This work aims to provide a complete description of flow regimes in Baffled Reactors (BRs), i.e., OBRs
without external stimuli. The natural frequencies of oscillation were identified to enhance the
frequencies applied in the oscillatory stimulus, improving the control of mixing scales (Erkog et al. 2016;
Okkels and Tabeling 2004). Computational Fluid Dynamics (CFD) simulations were conducted using a
planar and a cylindrical configuration with Smooth Periodic Constrictions (SPC) (Ferreira et al. 2015).

2. Materials and Methods

The flow fields were obtained through laminar transient 3D CFD simulations using the commercial
package Ansys Fluent 2021 R2. Erro! A origem da referéncia nao foi encontrada.a shows the cylindrical
and planar BR and the respective dimensions. Periodic Boundary Conditions (PBCs) were imposed at
the inlet and outlet, and a no-slip boundary condition was set on the walls. The following continuity
and Navier-Stokes equations are solved for an incompressible and isothermal flow,

V-v'=0 (1)

61_)) - - 2>
p a+v-|7v =—-Vp+uv<v (2)
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where © is the velocity vector and p is the static pressure. The working fluid is water at 25 °C, the
convergence criterium was the residuals below 10, and the Courant number was set to 0.5 for all
simulations.

3. Discussion

The Reynolds numbers tested, Re = pd,v/u, range from 40 to 1500. Figure 8b and Figure 8c show

the streamlines obtained from the 3D CFD simulations at different Re numbers for both geometries.
(a) (c)
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&
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e ———

Figure 8: (a) Geometries tested; (b) streamlines for cylindrical BR and (c) streamlines for planar
BR with w = 15 mm.

Cylindrical BR. Figure 8b shows that, at Re 41, a segregated flow regime is identified since no
dynamic flow structures are formed. At Re = 224, two symmetrical vortices are formed in each
chamber, but a steady flow with recirculation zones is observed. At Re = 388, the symmetry is
broken. The consecutive expansions and contractions generate a vortex within each chamber with the
size of the respective chamber. At this Re number, the flow transitions from a steady to a chaotic state,
marked by convective mixing.

Figure 9 shows the turbulence spectra of velocity fluctuations at the midpoint of each chamber for a
cylindrical geometry at Re = 437.

L f/Hz fHz fHz

Figure 9: (a) Power and (b) frequency spectra for cylindrical BR at Re = 437.

Figure 9a shows that there is a change in the slope at d 1, showing that turbulence is fed by a small
scale, the inlet jet, that feeds larger vortices. This is an inversion of the 3D turbulent energy cascade
where larger scales inject energy into smaller ones (Gongalves et al. 2017). Figure 9b shows that the
flow natural frequencies are between 1 and 2 Hz, corresponding to the formation of the vortices with
characteristic lengthscale L7*. The Strouhal number (St = Dy, /v;y,,) ranges from 1.8 to 3.4, which falls
within the commonly cited range of 0.15 < St < 4 for cylindrical BRs according to Avila et al. (2021).
Planar BR. Figure 8c shows that for the planar BR the flow transition occurs between Re of 472 and
956. At Re = 472, a jet crossing the reactor and the formation of vortices in each chamber are
identified. At Re = 956, a complex chaotic flow pattern is generated, promoting mixing by flow
engulfment in the chambers.

Figure 10 shows the turbulence spectra for the planar BR with w = 15 mm at Re = 956. Figure 10a
shows an inversion of the energy cascade at a scale of d 1. Figure 10b show that the flow natural
frequencies are between 2 - 5 Hz, which translates in St of 0.26 and 0.80. The scales associated to these
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St are bellow D1, which correspond to the larger vortices fed by the jets, containing most of the
turbulent energy.
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Figure 10: (a) Power and (b) frequency spectra for planar BR with w = 15 mm at Re = 956.

Results obtained for the different depths of the planar BR tested, indicate that the presence of wall
effect hinders the onset of vortex shedding, leading to transition regimes occurring at higher Reynolds
numbers.

4. Conclusions
Re marking the transition between flow regimes were identified for a cylindrical and a planar BR with
SPC. The flow transitions from steady to chaotic occurs at Re = 400 for the cylindrical BR and at Re =
500 for the planar. The Strouhal number of the unforced flow rounds 1.8 - 3.4 for the cylindrical and
0.29 - 0.40 for the planar reactor. The inversion of the turbulent energy cascade that was reported in
ClJs was also clearly observed in both BRs studied. Finally, deeper planar geometries favor the onset
of dynamic chaotic flow.
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Abstract

The interest for new and sustainable cosmetic ingredients has increased, and,
consequently, the valorization and re-use of food by-products constitute a trend. The
proposed study aims to develop and optimize a topical formulation with Actinidia arguta
leaves extract and evaluate its in vivo safety and moisture efficacy in human healthy
volunteers. The formulation was developed by a mathematical model, namely response
surface methodology (RSM), and the independent variables studied were the amount of
carbomer, glycerin and decyl oleate, while the dependent variables were pH, viscosity,
and particle size. According to the mathematical model, the optimal formulation contains
0.329% of carbomer, 15% of glycerin and 13.796% of decyl oleate. In vivo studies
performed in human volunteers through a patch and hydration tests attested the safety
and moisturizing capacity of the optimal formulation.

Author Keywords. Actinidia arguta leaves, topical formulation, response surface
methodology, safety, and efficacy studies.

1. Introduction

Circular economy is an essential point of sustainable development that supports the efficient use of
resources, waste minimization, primary resources reduction, and long-term value retention
(Morseletto 2020). On the last decade, the interest in new topical ingredients based on sustainable
principles is a trend, mainly due to their novelty, efficacy and low price (Rodrigues et al. 2013). In this
sense, food by-products arise as an alternative to cosmetic ingredients due to their richness in
bioactive compounds, particularly antioxidants. Among them, A. arguta leaves, one of the main by-
products generated during kiwiberry production, have attracted a lot of attention (Silva, Costa, et al.
2021). Recently, our research team reported that the hydroalcoholic extract of A. arguta leaves
obtained by Microwave-Assisted Extraction (MAE) is a source of polyphenols (particularly
caffeoylquinic acids, proanthocyanidins, quercetin derivatives and kaempferol) with high
antioxidant/antiradical activities (Silva, Pinto, et al. 2021). Also, Silva et al. demonstrated that the
extract is safe for cosmeceutical application through skin (EpiSkin™) and ocular (SkinEthic™ HCE)
models validated by the European Commission (Silva et al. 2022). In this sense, the aim of this study is
to develop and optimize a topical formulation with A. arguta leaves extract as active ingredient by
Response Surface Methodology (RSM). In vivo studies, namely patch and hydration tests, were
executed to ensure the safety and efficacy of the topical formulation.
2. Materials and Methods

The leaves were provided by Mini-Kiwi Farm in October 2021 and extracted by MAE, according to Silva
et al. (Silva, Pinto, et al. 2021).

The formulation was developed with water, decyl oleate, glycerin, cetearyl alcohol (and) sodium
cetearyl sulfate, isoamyl cocoate, phenoxyethanol (and) decylene glycol (and) caprylyl glycol,
carbomer, and triethanolamine (if the mixture had an acid pH), applying a single-phase methodology.
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In order to determine the optimal composition of the formulation, a Box—Behnken design (BBD) with
three central points was employed and a total of 15 experiences were designed by the Design Expert
software. The three independent variables studied were the amount of thickener (carbomer; X3, 0.1-
0.5% %), humectant (glycerin; X3, 9-15% %) and emollient (decyl oleate; X3, 12-18 %). Three dependent
variables were evaluated, namely pH (Y1), viscosity (Y2), and particle size (Y3).

The skin irritation potential of the optimal formulation containing the A. arguta leaves extract was
assessed in 13 healthy volunteers through occlusive patch test. After 48 hours of occlusion, the patch
was removed, and the clinical observations were assessed after 30 minutes and 48 hours. The
moisturizing effect was also investigated in 10 healthy volunteers that applied the product on the inner
side of the right forearm. For that, Corneometer® CM 825 was employed before and after 1, 2, 3 and
4 hours of the product’ application.
3. Discussion

The effects of carbomer, glycerin, and decyl oleate on pH, viscosity, and particle size were evaluated
to determine the optimal formulation conditions (Figure 1). The results demonstrated that carbomer
had a significant influence on pH. In the same way, the increase of glycerin led to a higher pH. Regarding
viscosity, carbomer and decyl oleate had a significant effect on viscosity, being perceptible that a high
quantity of carbomer led to a higher viscosity. Regarding particle size, the reduction of carbomer and
glycerin led to a decrease. Considering the responses obtained, the predicted optimal quantities
achieved were 0.329% of carbomer, 15% of glycerin and 13.796% of decyl oleate. The optimal
formulation presented a pH value of 5.72, a viscosity of 342.57 Pa.s and a particle size of 6.88 um.

a)

Viscosity

03

X,: Carbomer

d)

Particle size
Desirability

n =
Xg: Glycerin 0 ‘2 Xy: Carbomer

Figure 1: Response surface plots for interaction effects of carbomer (X;) and glycerin (Xz) on pH (a), viscosity (b) and particle
size (c) and on the desirability index for combined responses of factors.

In addition, a patch test was performed in 13 healthy human volunteers to evaluate the optimal
formulation safety. The results confirmed the absence of irritations or allergic reactions (oedema and
erythema), being well tolerated by all volunteers. Regarding hydration, 10 healthy human volunteers
were enrolled in the study and, 4 hours after application, the skin hydration significantly increased. It
was perceptible that the percentage of hydration augmented 28.5 % and 24.3 %, respectively, after 1
and 4 hours of application. Oppositely, a decrease of 3.3% was observed for the control product after
4 hours. The results achieved for the present study support the moisturizing effect of the topical
formulation optimized. Most important, considering that dry skin normally induces wrinkles formation,
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the topical formulation developed may prevent skin aging (Poomanee et al. 2021). In fact, a good
hydration contributes to a healthy and moisturized skin, promoting the cutaneous barrier strength and
the integrity and delay of the skin aging process (Ahmed et al. 2020).

4. Conclusions

In this study, a topical formulation was optimized through RSM methodology. The formulation
containing A. arguta leaves extract demonstrated a typical behavior of a water in oil emulsion,
promoting a good compatibility with skin's pH and easy penetration in the skin. The in vivo safety study
proved the absence of allergy and irritancy after the product application in human volunteers,
supporting a very good skin compatibility. Besides that, the topical formulation improved the skin
hydration. Further anti-wrinkles studies should be performed to attest the anti-aging capacity of the
formulation.
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Abstract

Alzheimer's disease (AD) is a neurodegenerative condition considered the most common
form of dementia. Memantine is an approved drug for AD that continues to be a palliative
pharmaceutical strategy with several drawbacks that compromise its biological efficacy.
Herein, nanostructured lipid carriers (NLCs) composed of Precirol® ATO 5 and Miglyol®
612 were produced as carriers of memantine to improve its therapeutic effectiveness.
The NPs' surface was modified with brain-targeting molecules. The targeting-NLCs
exhibited appropriate physicochemical characteristics for brain drug delivery, great
memantine encapsulation efficiency, and physical stability for at least six months. The
proposed nanocarriers may be a potential AD therapeutic strategy, and future in vitro
and in vivo studies will be carried out to validate the efficacy of the drug delivery system.

Author Keywords. Drug delivery system, Brain targeting, Blood-brain barrier,
Neurodegenerative disease, Memantine.

1. Introduction
The leading cause of dementia, Alzheimer's disease (AD), is a progressive neurological condition
affecting about 75% of the world's people (Anand, Gill, and Mahdi 2014). As the global population
ages, AD is becoming more prevalent, and in 2050, the incidence of AD is anticipated to reach 140
million people. Memantine is the most used drug approved to treat moderate-to-severe dementia in
AD. In addition to being merely palliative, the therapeutic activity of memantine fails due to its low
bioavailability, weak pharmacokinetic and pharmacodynamic properties and inability to cross the
blood-brain barrier (BBB) (Sharif et al. 2018). Thus, higher dosages and frequent administrations are
required to maintain the plasma levels within the therapeutic range, which causes toxicity in the
remaining tissues and unwanted side effects. A plausible strategy to overcome these problems is using
nanoparticles (NPs) since their surface could be modified with specific molecules for a targeted
administration, overcoming the BBB and enabling drug release in the brain. Thus, the unintended side
effects of the unspecific distribution over various tissues could be reduced (Begines et al. 2020).

Therefore, the present study aims the development of nanostructured lipid carriers (NLCs) loaded
with memantine as a therapeutic approach for AD. The NP's surface was functionalized with targeting
molecules to improve brain drug delivery and transport memantine across the BBB.

2. Materials and Methods

NLCs were prepared with a lipid phase of Precirol® ATO 5 (175 mg), Miglyol® 612 (75 mg), and
memantine (0 or 10 mg), and a water phase of 2.175 mL of 10% (w/v) solution of Pluronic® F-127. NLCs
were produced by combining the shear homogenization and the ultrasonication methods. First, the
lipid and aqueous phases were separately heated at 80 °C allowing the lipid to melt completely. Then,
the lipid phase was dispersed in the aqueous phase. The NPs were formed in a high-shear mixing device
and then submitted to ultrasonication to reduce their size. Finally, NPs were left to cool down at room
temperature allowing lipid crystallization. NPs conjugation with Tf was prepared by replacing 1% of the
lipid with DSPE-PEG-NH2 before melting. Due to its lipophilic nature, DSPE was incorporated into the
NPs matrix, while the hydrophilic PEG and the terminal amine group were exposed on the surface to
make it possible to bind the protein. An activated Tf solution was added to the NPs conjugated with
DSPE-PEG-NH2 for reaction.
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The NPs were characterized using the dynamic light scattering (DLS) technique. The memantine
encapsulation was quantified using high-performance liquid chromatography, while
spectrophotometry was carried out to quantify the amount of Tf conjugated on the surface of the lipid
NPs. The Tf conjugation was also confirmed by Fourier Transform Infrared Spectroscopy (FTIR) analysis.
The morphology of NPs was analyzed by transmission electron microscopy (TEM).

3. Discussion

The NPs were characterized by mean diameter, polydispersity index (Pdl), zeta potential and
encapsulation efficiency (EE). The results are presented in Table 1 for the different formulations.

Mean Zeta Number of Tf
Formulation diameter Pdl Potential  EE (%) molecules per
(nm) (mv) NP
NLCs 133+ 15 0.20+£0.02 -24+3 - -
NLCs-memantine 197 + 16 ** 0.19£0.02 -10+3* 46+ 6 -
NLCs-Tf 123 £13 0.18 £0.02 -14+2* - 306
NLCs-Tf-memantine 1410 0.18 £0.01 -15+6 562 388

Table 1: Characterization of NLCs before and after memantine encapsulation and Tf conjugation (mean £ SD, n = 3). * and **
Denotes statistically significant (p < 0.05) and highlysignificant differences (p < 0.01) compared to the unloaded and
unconjugated formulation.

The NPs were under 200 nm in mean diameter, essential for systemic administration and BBB
penetration. Memantine was found to increase the size of NLCs (p < 0.01), whereas conjugation with
Tf had no significant effect on that parameter (p > 0.05). This increase in the mean diameter agrees
with the literature, where some studies have reported that the incorporation of drugs into lipid NPs
leads to an increase in the mean diameter due to the rearrangement of the lipid matrix (Loureiro et al.
2017). Despite that, the NPs remained in a size range suitable to cross the BBB. Pdl was about 0.2 for
all formulations, showing no evidence of aggregation and an appropriate size distribution. According
to the results, the NPs have zeta potential values high enough to ensure good NPs stabilization and
prevent aggregation.

The findings revealed a conjugation of 30 + 6 molecules of Tf per NLC, demonstrating an efficient
conjugation of Tf, which agrees with the literature that used the same method for Tf conjugation
(Neves et al. 2021). The conjugation of NPs with Tf was confirmed by FTIR analysis of bothfunctionalized
and nonfunctionalized NPs, as depicted in Figure 1 A). The spectra of the Tf and Tf- conjugated NLCs
show one prominent band that matches the C=0 stretching vibrations (1650 cm™) present in the
peptide bonds between amino acids of Tf protein, supporting the conjugation of the NPs with Tf. TEM
images (Figure 1 B and C) revealed that NPs have a spherical shape and a size of lessthan 200 nm, which
agrees with the physicochemical characterization obtained by DLS. Additionally, the images revealed
no visible aggregation of NPs, a suitable indicator of their stability. No significantdifferences in
morphology were observed between NPs with or without memantine or Tf.
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Figure 1: A) Infrared spectra obtained by FTIR for NLCs before and after conjugation with Tf. A Tf sample was analyzed as a
control. B) TEM images of NLCs and

4. Conclusions

NLCs were successfully created as carriers for memantine, with diameters of less than 200 nm, which
is the size required to be used systemically and pass through the BBB. Memantine wassuccessfully
encapsulated, and NPs were functionalized with Tf without any apparent changes in their
physicochemical properties. The production of spherical NPs with homogeneous shapes and no
discernible aggregation was seen in TEM images.
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Abstract

Chestnut (Castanea sativa) shells (CS) are a promising source of bioactive molecules. This
study explores the effects of its oral administration (in two different concentrations, 50
and 100 mg/kg b.w.) in rats regarding in-vivo antioxidant properties, anti-hemolytic
activity, blood glucose and serum lipids levels, and metabolomic profiling of blood serum
by LC-ESI-LTQ-Orbitrap-MS. The in-vivo studies revealed an upmodulating of antioxidant
enzymes activities, downmodulating of lipid peroxidation, anti-hemolytic, and mild
hypoglycemic and hypolipidemic effects. Metabolomic profiling was characterized by
phenolic acids, flavonoids, and lignans, along with phase | and Il metabolites.

Author Keywords. Castanea sativa, phenolic compounds, in-vivo, bioactivity,
metabolomic, nutraceutical.

1. Introduction

The intake of food supplements and nutraceuticals has steadily increased owing to their pivotal role in
the daily diet of society for health-promoting purposes, mainly ascribed to the phytochemicals
possessing outstanding antioxidant effects (Pinto et al. 2023). The demand for antioxidants from
natural sources, such as CS, has intensified with industries searching for new bioactive molecules in
close alliance with the Sustainable Development Goals from the Agenda 2030 (Pinto et al. 2021). The
CS generated during chestnut processing are an abundant by-product, not entirely depleted by their
reuse as biomass that may lead to disposal problems. Previous research investigated the in-vitro
bioactivity and phytochemical composition of CS extracts, attesting the antioxidant, anti-inflammatory
and antimicrobial effects, mainly attributed to vitamin E, amino acids, and polyphenols (Pinto et al.
2023; Pinto et al. 2021). This study aims to explore the effects of its daily oral administration to rats
regarding polyphenols in-vivo bioactivity and bioavailability in blood serum.
2. Materials and Methods

The in-vivo studies were performed to appraise the effects of the daily oral administration of CS extract
(50 and 100 mg/kg per body weight (b.w.)) on male Wistar rats (200 + 50 g, 5-6 weeks old) provided
by Jackson Laboratory (Bar Harbor, ME, USA), housed under standard conditions (21+2 °C; 45-55%
humidity; 12 h/12 h light/dark) and fed ad libitum. Animals were separated into three groups (n=6 per
group): a control group treated with water (4 mL/kg b.w.); and two treatment groups with 50 and 100
mg/kg b.w. The CS extract was administered by gastric gavage once daily for 7 days. The in-vivo
antioxidant activity, anti-hemolytic properties, blood glucose and lipids levels as well as the
metabolomic profiling of the blood serum targeted on polyphenols by LC-ESI-LTQ-Orbitrap-MS were
evaluated. After the 7 days, the animals were sacrificed by pentobarbital overdose (50 mg/kg b.w.)
and the blood was collected by cardiac puncture and centrifuged (2000 g, 15 min, 4 °C) to obtain serum.

3. Discussion
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The animals body weight ranged from 175 to 225 g during the experiment. The results proved the in-
vivo antioxidant properties in the blood serum from rats treated with both doses of CS extract through
upmodulating antioxidant enzymes activities and downregulating lipid peroxidation, along with anti-
hemolytic properties (ICso= 34.71 ug/mL) and protective effects against rising blood glucose and lipids
levels (Table 3; Figure; Table 3).

Groups SoD CAT GSH-Px LPO
(U/g protein) (U/g protein) (U/g protein) (nmol MDA/mg protein)
CS 50 mg/kg b.w. 148 + 19° 25+4° 26 + 7°¢ 18 +2°
CS 100 mg/kg b.w. 127 + 14°b 26 + 300 65 + 13° 7.6+ 2b
Control (water) 109+ 7° 31+3 23+8° 16 + 3°

Table 1: In-vivo antioxidant activity of blood serum from rats. SOD, superoxide dismutase. CAT, catalase. GSH-
Px, glutathione peroxidase. LPO, lipid peroxidation. MDA, malondialdehyde.
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Figure 1: Blood glucose levels (A) and anti-hemolytic effects (B). * denotes p<0.05.
G Triglycerides Total cholesterol HDL-c LDL-c
roups
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
CS 50 mg/kg b.w. 205 + 36°° 84+11° 70 + 9° 24+6°
CS 100 mg/kg b.w. 177+17 98+ 29 72+ 8° 1955
Control (water) 275 +61° 95 + 79b 48 + 8 40+ 6°

Table 2: Blood serum lipids levels from rats treated with CS extract and water (control). HDL-c, high-density lipoprotein
cholesterol. LDL-c, low-density lipoprotein cholesterol.

Phenolic acids, flavonoids, and lignans were quantified in the blood serum, along with phase | and Il
metabolites. Hydroxyphenylpropionic acid (HPPA) and 3-hydroxybenzoic acid were the major
polyphenols, while HPPA-O-sulfate was the main metabolite (Table 3).
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Concentration (nmol/mL blood serum)

Compounds/metabolites Control CS extract CS extract
(water) 50 mg/kg b.w. 100 mg/kg b.w.
3-Hydroxybenzoic acid n.i. 206 + 48° 163 + 31°
Protocatechuic acid n.i. 1.7+0.5° 0.86+0.3°
Dihydrogallic acid n.i. 1.8+0.5° 1.6+04°
Syringic acid n.i. 3.2+1° 2.7+0.8°
Hippuric acid 7.2+1b 13+ 2 13+ 3¢
Caffeic acid-O-sulfate n.i. 0.15+0.02° 0.13+0.02°
Dihydrocaffeic acid n.i. 2.0+0.3° 1.8+0.4°
Dihydrocaffeic acid-O-sulfate n.i. 0.93+0.2° 1.0+0.2°
Dihydrocaffeic acid-O-glucuronide n.i. 0.04 +0.01° 0.04 +0.01°
Methyl-ferulic acid-O-sulfate n.i. 0.44 + 0.08° 0.36 +0.05
Dihydroferulic acid-O-sulfate n.i. 2.4+0.4° 2.5+0.5°
Dihydroferulic acid-O-glucuronide n.i. 0.24 +0.07° 0.32+0.1°
p-Coumaric acid n.i. 0.26 £ 0.04° 0.23 +0.03"
Hydroxyphenylpropionic acid n.i. 319 +63° 334 + 60°
Hydroxyphenylpropionic acid-O-sulfate n.i. 225 +61° 220 + 65°
(Epi)catechin-O-sulfate n.i. 1.3+0.4> 1.5+0.1°
Secoisolariciresinol n.i. 0.33 +0.08° 0.34 +£0.07°

Table 3: Metabolic profile of phenolics in rats blood serum. n.i., non-identified. CS, chestnut shells.

4. Conclusions

The in-vivo studies corroborated the outcomes accomplished on the in-vitro assays, proposing a novel
approach for the industrial valorization of CS as an appealing source of antioxidant compounds for
nutraceuticals.
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Abstract

Actinidia arguta fruits (commonly known as kiwiberry), as well as its by-products (such
as leaves), have an outstanding content of phenolic compounds with pro- healthy
properties, such as antioxidant and anti-inflammatory effects. The aim of this study is to
develop, by spray drying, microparticles of A. arguta fruits and leavesextracts prepared
by ultrasound-assisted extraction (UAE). The microparticles size and distribution,
antioxidant/antiradical activities, swelling capacity and moisture content were evaluated.
The effect on the viability of TR146 and HSC-3 cell lines wasalso evaluated. The data
obtained suggests that the kiwiberry leaves extract microparticles are the most promising
in what concerns to activity and safety.

Author Keywords. Spray drying. Actinidia arguta. Microparticles. Ultrasound- assisted
extraction.

1. Introduction
Actinidia arguta is a perennial vine rich in phenolic compounds (such as phenolic acids, carotenoids,
and organic acids) with outstanding therapeutic properties, namely antioxidant,and anti-
inflammatory activities (Macedo et al. 2023). During the fruit production, different by-products are
generated, particularly leaves, which are also rich in polyphenols (Silva et al. 2022). Nevertheless,
polyphenols are extremely sensitive and have low bioavailability in the human body, being necessary
to develop suitable delivery systems, such as microparticles, toallow the protection of the active
ingredients, reducing reactivity with external factors, and allowing a controlled release (Ribeiro,
Estevinho, and Rocha 2019). The present study aims todevelop, by spray-drying, microparticles of A.
arguta fruits and leaves extracts prepared by ultrasound-assisted extraction (UAE) and compare
them regarding physicochemical

parameters (size and distribution), antioxidant/antiradical activities, swelling capacity, moisture
content, and effect on the viability of TR146 and HSC-3 cell lines. To the best of our knowledge, this is
the first study that encapsulates A. arguta extracts.

2. Materials and Methods

A. arguta fruits and leaves were harvest in October 2021 in Mini-Kiwi Farm (Vila Nova de Famalic3o,
Portugal). Kiwiberries UAE was performed according to Macedo et al. (2023), while leaves were
extracted following Silva et al. (2022). Microparticles were prepared using a minispray dryer BUCHI B-
290 and Eudragit RS30D (1%) as encapsulating agent. Different microparticles were prepared: empty
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microparticles (RS30D), kiwiberry extract microparticles(RS30D + KB) and A. arguta leaves extract
microparticles (RS30D + AAL). The active microparticles were prepared by mixing 2 mL of each extract
with 200 mL of the encapsulatingagent (3%, v/v). All solutions were fed into the spray dryer at a flow
rate of 4 mL/min (15%) and an inlet and outlet temperature of 115 °C and 55 —60 °C, respectively
(Ribeiro, Estevinho,and Rocha 2019). Microparticles size and distribution were investigated through a
Mastersizer™ 3000 laser diffraction analyzer and scanning electron microscopy (SEM). The
antiradical/antioxidant activities were assessed by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging and ferric reducing antioxidant power (FRAP) assays. Swelling capacity andmoisture content
were also evaluated by infrared moisture. In vitro cell studies were conducted on TR146 and HSC-3 cell
lines, both oral cell lines, by a 3-(4,5-dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium bromide (MTT)
assay.
3. Discussion

The empty microparticles presented a yield of 49.6%, while RS30D + KB and RS30D + AAL achieved
yields of 44.9% and 35.1%, respectively. Regarding size, the empty microparticles ranged between 0.31
and 5.95 um, while the RS30D + KB varied between 0.33 to 8.62 um andthe RS30D + AAL ranged from
1.85to 6.33 um. The swelling capacity and the moisture contentwere also evaluated (Table 1).

Microparticles Moisture content (%)  Swelling capacity (%)
RS30D 4.48 £ 1.70" 17.20 £ 3.362
RS30D + KB 16.93 £2.55°2 4.98 £0.35°
RS30D + AAL 7.34 £ 0.47° 12.34 + 1.82%°

Table 1: Moisture content and swelling capacity of produced microparticles.

Results are expressed as mean * standard deviation (n = 3). Different letters in thesame column mean
significant differences (p < 0.05).

The SEM images showed a spherical morphology like a biconcave disc for all microparticles. Table 2
summarizes the antioxidant/antiradical activities of the different microparticles.Although RS30D + KB
showed no significant differences in either assay when compared to empty microparticles, the same
could not be said for RS30D + AAL. These microparticles demonstrated significant antioxidant and
antiradical activities (p < 0.05), which may indicate that the leaves extract encapsulation is more
promising.

Microparticles FRAP (1umol FSE/g) DPPH (mg TE/g)
RS30D 28.43 £ 3.72° 2,48 £0.40°
RS30D + KB 30.30 £ 3.21° 2.15+0.27°
RS30D + AAL 81.72 £+ 4.31° 4,90 + 0.60°

Table 2: Antiradical and antioxidant activities of the formulated microparticles evaluated, respectively, by DPPH and FRAP
assays. Results are expressed as mean tstandard deviation (n = 3). Different letters in the same column mean significant
differences (p < 0.05).

In vitro cell assays revealed that any microparticles reduced cell viability in both oral cell linesused
(HSC-3 and TR146) (Figure 1).
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Figure 1: Effect of all formulated microparticles on the viability of TR146 (a) and HSC-3 (b) cell lines measured by MTT assay
(n=3).

4. Conclusions

The results obtained suggest that RS30D + AAL are the most promising in what concerns to activity,
being safe on oral cell lines. LC-MS analysis should be performed to assess the encapsulation efficiency,
along with studies regarding the in vitro controlled release in order to evaluate the release of bioactive
compounds over time.
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Abstract

Legionella pneumophila is an intracellular waterborne pathogen that represents a serious
public health problem when is present in artificial water systems. Fluorescence in situ
hybridization using Nucleic Acid Mimics (NAM-FISH) represents a promising molecular
approach that can be applied for detection. When coupled to spectral imaging using high-
resolution CLSM can also provide insights on biofilm’s spatial biogeography. This work
intends to explore the development of PNA probes for the detection of L. pneumophila
in water samples and also to demonstrate the adaptation of PNA-FISH to target mRNA
for gene expression studies.

Author Keywords. Biofilm, Legionella pneumophila, water systems, spatial organization.

1. Introduction

In most anthropogenic water systems, Legionella pneumophila, an opportunistic waterborne
pathogen, is one of the most monitored agents, posing a serious public health problem. This bacterium
ubiquitously found in natural freshwater can colonize a range of manmade water systems including
cooling towers, spas, or hospitals (Chauhan and Shames 2021). Despite the outstanding developments
in Legionella identification, current technologies do not fully answer the needs of industrial entities for
Legionella monitoring. Fluorescence in situ hybridization using Nucleic Acid Mimics (NAM-FISH)
represents a promising and versatile approach, where fluorescently labelled NAMs such as peptide
nucleic acids (PNA), are used to penetrate microbial cells and hybridize with specific rRNA sequences
(Nacher-Vazquez, Santos, et al. 2022). Our group already has reported the design of several PNA
probes for the detection of different pathogens in food, clinical and environmental samples (e.g.
Listeria spp., Helicobacter pylori, Legionella spp.) (Rocha et al. 2019; Cerqueira et al. 2013; Nacher-
Vazquez, Barbosa, et al. 2022). Furthermore, under the scope of the ERA Chair e.Biofilm project, we
want to explore the use of PNA probes for Legionella biofilm studies. Indeed, NAM-FISH is a powerful
and versatile technique for bacterial detection that can also be applied in biofilm studies (Almeida et
al. 2011). In addition, the adaptation of this approach to target mRNA will allow the study of gene
expression in individual cells, either in suspension or in biofilms, combining spatial and functional
information of cells in their original environment. The main goal of this work will be to explore the
development of PNA probes for the detection of L. pneumophila in water samples. Moreover, we will
demonstrate that adapting PNA-FISH to target mRNA and combining it with spectral imaging using
high-resolution CLSM will allow us to study gene expression in individual cells both in suspension and
in biofilms, thus combining spatial and functional information from cells in situ.
2. Materials and Methods

Several temperatures, ranging from 55 °C to 63°C, with a 30% formamide concentration were studied
to evaluate the signal-to-noise ratio of the rRNA PNA probe . After that, the specificity and sensitivity
values were assessed using22 L. pneumophila and 24 non-L. pneumophila strains. Additionally, the
design of probes targeting the genes involved in the formation of the L. pneumophila biofilm is being
developed using bioinformatics tools.
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3. Discussion

The optimal conditions for hybridization were achieved at 60 °C for 60 min. Also, the results showed a
positive fluorescence signal for the target (100% sensitivity) but none of the non-target strains were
positive (100% specificity). Currently, the filtration/centrifugation protocols for water samples
treatment prior to hybridization are being performed to optimize and simplify the detection protocols
when low concentrations of bacteria are present (based on ISO protocol 11731:2017). The
hybridization conditions of the mRNA probes are also being optimized in planktonic growth under
different conditions.

4. Conclusions

These results emphasize the PNA-FISH method remains a good alternative for rapid and accurate
detection. Here we also intend to present a preliminary model for the use of mMRNA PNA-FISH to study
the regulatory network of L. pneumophila that is used to provide information about gene expression
in single cells either in the planktonic or sessile state, recording both spatial and functional information.
Indeed, rethinking current Legionella research and management paradigms is crucial to provide
additional information that could improve the efficiency of Legionella control and proliferation
strategies.
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Abstract

SARS-CoV-2 accelerated the adoption of affordable, easy-to-use and accurate nucleic
acid tests. Nucleic Acid Lateral Flow Assays (NALFAs) are simple, fast and cost-effective
assays that can use reporter- and capture- oligonucleotide probes to effectively detect
target nucleic acid sequences by naked eye, following an isothermal nucleic acid
amplification step. In this context, there is a promising NALFA approach that relies in the
tailing of DNA amplicons during the step of amplification, with single strand DNA
sequences (ssDNA), allowing their interaction with the NALFA’s capture and reporter
oligonucleotide probes.

In this work, Reverse Transcription Recombinase-Aided Amplification (RT-RAA) was
chosen to produce tailed amplicons and then combined with an in-house developed
NALFA (RT-RAA-NALFA), as described above, to evaluate its potential as a high-
performance solution for end-point detection of RNA viruses.

SARS-CoV-2 was used as a model. The limit of detection of this assay was found to be 10-
10? copies of RNA/uL, which is suitable for use in point-of-care detection of SARS-CoV-2
and other viruses.

These results show a promising option for the development of a point-of-care device,
contributing to mitigate large outbreaks caused by RNA viruses like SARS-CoV-2.

Author Keywords. Nucleic Acid Lateral Flow Assays, Oligonucleotide probes, Isothermal
Amplification, Reverse Transcription Recombinase-Aided Amplification, RNA detection

1. Introduction
Real time RT-PCR turned to be the gold standard for the detection of SARS-CoV-2. However, such
technique is expensive, time-consuming, and mostly laboratory-based, not being feasible for point-of-
care diagnostic. There has been an effort to find alternative technologies that can be used to perform
an analogue nucleic acid amplification test at the point of-care.
Lateral Flow Assays are simple devices based on the interaction of an analyte in a liquid medium with
a specific molecule immobilized on a membrane, which can deliver very fast results, when built to
directly detect protein antigens; a method that has also been widely used for the detection of SARS-
CoV-2. Nonetheless, drawbacks associated with the detection of protein antigens by LFA include false
negatives, reflecting low sensitivity and the use of inadequate testing times, since early protein antigen
testing can omit the infection(L. et al., 2022).
NALFAs are usually based on the interaction of an oligonucleotide probe immobilized on the
membrane with a second oligonucleotide probe, conjugated by distinct methods with colored
nanoparticles (like AuNPs). In this work, a sandwich NALFA assay is proposed, in which the amplicons
are tailed with ssDNA tails in the 5" extremities of the forward and reverse primers, enabling the
simultaneous capture on the strip by hybridizing with complementary ssDNA capture probes and the
colorimetric signaling by hybridizing with complementary ssDNA reporter probes linked to
AuNPs(Jauset-Rubio et al., 2016).
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RT-RAA is an isothermal amplification method compatible with the addition of ssDNA tails to primers,
which can be performed in only 15 minutes, enabling early detection of the infection and making it
suitable to establish the desired strategy(Wu et al., 2020).

2. Materials and Methods
Tailed primers for the RdRp gene of SARS-CoV-2 were adapted from published literature(El Wahed et
al., 2021). Complementary ssDNA tails were added to the 5" end of the primers, for the recognition by
NALFA, while employing gold nanoparticles (AuNPs) as reporter probes; the sequences of both capture
and reporter probes were also adapted from literature(Jauset-Rubio et al., 2016)(Magriiia et al., 2019).
Two sequences of probes (and respective complementary tails), with two distinct lengths were tested.
The RT-RAA amplification protocol with tailed primers was optimized and agarose gel eletrophoresis
was used as read-out. The NALFA strips were assembled in-house, by using commercial grade
components. The capture probes’immobilization on the strips was performed based on the anchor
system biotin-streptavidin. A streptavidin solution (5mg/mL) and biotinylated ssDNA capture probes
(1.5mg/mL) were conjugated in PBS, ensuring 1 :4 streptavidin :biotin ratio. Then, test and control
probes, were added to the strip, while pipetting a fixed volume and allowing to air dry for one hour.
The NALFA limit of detection was assessed using synthetic RNA as start-point, following RT-RAA with
tailed primers.

3. Results
Optimization of the amplification protocol with tailed primers
A pair of primers, already reported in literature for the diagnostic of SARS-CoV-2 (but using a distinct
approach) was chosen as a starting point. A first RT-RAA assay was performed, using only the primers
without tails. Four types of tailed primers (two distinct sequences, with two lengths) were
simultaneously tested, for evaluating what was the best pair.
Upon the selection of the best pair, new optimization rounds followed, assessing the best
concentration of primers, temperature and finally the ideal duration of the reaction.
Optimization of NALFA strips
Distinct parameters of NALFA strips were optimized. The volume of probe to immobilize on the strip,
the volume and proportion of running buffer, the concentration of AuNPs, or the volume of amplicons
to use were the targets of optimization.
Assessment of the limit of detection
The limit of detection of the NALFA strips was accessed, following the test of decreasing copy numbers
of SARS-CoV-2 RNA standard (10°10% 10® 10210 10° copies/pL). When testing three replicates, the limit
of detection was found to be in the range 10-10? copies/uL.

4. Discussion
The amplification efficiency of tailed primers was lower than the non-tailed primers, with some pairs
of primers tested not yielding amplification; this shows that the tails interfered with the amplification
process, although the use of the strategy was still viable if the parameters of the amplification reaction
were optimized for the best set of primers. Following the optimization of the aforementioned
parameters, the amplification efficiency was improved, being suitable to combine with the NALFA
read-out.
The optimal conditions for the detection of RdRp gene by NALFA were found (3.2 section), contributing
for the optimal performance of the assay. The limit of detection of the assay was 10-100 copies of
RNA/ uL, which is fit for SARS-CoV-2 diagnostic.

5. Conclusions

The RT-RAA together with NALFA colorimetric device comprehends a simple diagnostic approach,
which can be integrated in a device for the detection of SARS-CoV-2 at the point-of-care, exhibiting a
suitable limit of detection. The analysis of specificity and sensitivity is still in progress. Furthermore,
this assay shows to be promising for simple, end-point detection of other RNA viruses.
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1. Introduction
Contamination of food contact surfaces is a significant public health concern with severe economic
impacts. The effectiveness of standard hygiene procedures is often limited against foodborne
pathogens due to their high resistance. Therefore, there is an urgent need for new strategies capable
of restricting bacterial proliferation. One approach that has recently gained attention is the
development of antifouling surfaces that delay bacterial adhesion, either by antimicrobial coatings or
modification of the surface properties. This study aimed to (1) produce and characterize biomimetic
surfaces inspired by the topographies and physicochemical characteristics of various plant leaves with
self-cleaning and superhydrophobic properties — White cabbage, Tenderheart, Cauliflower and Leek —
and (2) evaluate their antifouling activity by attachment, adhesion, and retention assays, the three key
phenomena involved in the initiation of biofilm formation. Furthermore, the effect of casein
conditioning films on biofilm formation was evaluated as the accumulation of organic matter on
surfaces can alter their chemical, physicochemical, and topographic properties.

2. Materials and Methods

The biomimetic surface replicas were synthesised by a moulding technique using wax and
characterised by water contact angle measurements (hydrophobicity), Optical Profilometry
(roughness), Scanning Electron Microscopy (morphology), and Fourier Transform Infrared
Spectroscopy (chemistry). For the microbiological analysis, attachment (spray plus wash assay),
adhesion (spray assay), and retention (1-h static incubation) assays were performed using Escherichia
coli. The culturable cells were enumerated by colony-forming units (CFU), and the surfaces were
analysed by Scanning Electron Microscopy. Additionally, 72-h biofilms were formed in 12-well
microtiter plates under static conditions and were analysed for the number of culturable cells by CFU,
biofilm thickness by Optical Coherence Tomography, and biofilm architecture by Confocal Laser
Scanning Microscopy.
3. Discussion

The results showed that, although the macro- and micro-topographies of the original surfaces were
well reproduced on the biomimetic surfaces, the presence of nanotopographies was less evident.
However, all biomimetic surfaces were more efficient at reducing the number of bacteria bound to the
surface than the corresponding original leaves. On the attachment of E. coli to biomimetic surfaces,
the White Cabbage (the roughest and most hydrophobic surface) showed the highest reduction in cell
numbers, approximately 1 Log CFU/cm?, compared with the natural White Cabbage, followed by
Tenderheart and Cauliflower; biomimetic and natural Leek surfaces did not show significant
differences. For the adhesion assays, Tenderheart was the biomimetic surface with the lowest number
of E. coli cells, and the only one presenting significant reductions from the natural leaves. Following
the retention assays, all biomimetic surfaces were significantly more efficient than natural leaves,
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exhibiting a reduction of approximately 2 Log CFU/cm?. Also, White Cabbage, Tenderheart, and Leek
replicas showed lower E. coli numbers than the flat control surface. Regarding the biofilm assays, a
significant decrease in the number of culturable cells was observed on E. coli biofilms formed on both
5% (w/v) casein-conditioned surfaces (up to 50% reduction) and non-conditioned biomimetic surfaces
(up to 89% reduction) compared to the flat control, revealing their antifouling properties. Moreover,
both unconditioned and conditioned biomimetic surfaces were able to reduce biofilm thickness by up
to 26% and 35%, respectively, compared to unconditioned and conditioned flat surfaces.

4. Conclusions
This study highlights moulding as a reliable technique for reproducing the structure of vegetable
leaves. The results suggest that these biomimetic surfaces are promising for preventing the initial
settlement of bacteria and the development of mature biofilms. The findings of this study have
important implications for developing more effective food contact surfaces to enhance food safety
and combat foodborne pathogens.
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Abstract

Marine biofouling is often associated with biofilm formation on submerged surfaces,
which causes economic and environmental problems. Although several biocides and
cleaners have been used to control biofouling, new eco-friendly antifouling approaches
are required. Chitosan (CS) is a polysaccharide widely used due to its outstanding
properties, namely its antimicrobial activity. This work aimed to produce and characterise
poly(lactic acid) (PLA)-CS surfaces with CS of different molecular weight (Mw) at different
concentrations for application in marine paints. The antimicrobial performance of these
surfaces was assessed against Cobetia marina for 7 weeks under controlled
hydrodynamic conditions. All CS surfaces exerted a significant antimicrobial action by
reducing the number of culturable cells up to 69% compared to control, being this activity
dependent on CS Mw. Optical Coherence Tomography analysis corroborated these
results, showing reductions in biofilm thickness of up to 36%. Overall, CS coatings
represent a promising approach to reducing biofouling in marine environments.

Author Keywords. Chitosan, marine biofouling, marine waste, biofilm formation,
antifouling coatings

1. Introduction

In marine environments, natural and artificial submerged structures are quickly colonised by marine
organisms in a process known as biofouling (Faria et al. 2020). This natural and complex process is
responsible for several economic, industrial, environmental, and health problems (Tian et al. 2020).
The attachment of fouling organisms to marine vessels increases drag resistance, which leads to higher
fuel consumption and environmental pollution, changes the physicochemical properties of the
surfaces, and contributes to species invasion (Tian et al. 2020; Lacoursiere-Roussel et al. 2016). Since
biofilm formation is one of the first steps of this process, a potential strategy to delay macrofouling is
to prevent adhesion and biofilm formation by marine bacteria. Although several biocides, cleaners,
and antifouling agents have been used to mitigate biofilm formation, their negative impact on marine
ecosystems and human health (Amara et al. 2018) stresses the need to develop novel sustainable and
eco-friendly approaches to prevent marine biofouling in ship hulls such as bio-based coatings. Chitosan
(CS) is a polysaccharide obtained by deacetylation of chitin, which can be extracted from marine
sources and microorganisms. Besides the use of CS enables the valorization of fish processing industry
waste, CS has been widely used due to its interesting biological properties, namely the antimicrobial
activity, which depends on a set of properties such as molecular weight (Mw), degree of deacetylation,
concentration, and source (Kong et al. 2010; Chandrasekaran, Kim, and Chun 2020). The present study
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aimed to (i) produce and characterise poly(lactic acid) (PLA) surfaces coated with CS of different Mw
and concentrations obtained from the Loligo opalescens pen, and (ii) evaluate the antifouling activity
of these surfaces against Cobetia marina under nutritional conditions, temperature, and
hydrodynamics that mimics the conditions typically found in some marine environments.

2. Materials and Methods

A combination of enzymatic and alkaline treatments was used to extract CS from Loligo opalescens
pens, which was depolymerised into derivatives of different molecular weight (Mw). After dip coating
the PLA films with 0.5% and 1% (w/v) of CS and its derivatives, the physical and chemical properties of
the produced surfaces were assessed by Atomic Force Microscopy, contact angle measurements, and
Scanning Electron Microscopy. The antifouling assays were performed with Cobetia marina for 7 weeks
at 25 °C under controlled hydrodynamic conditions that mimic a ship in a harbor. Vaatanen Nine Salt
Solution (VNSS) medium was prepared as previously described (Holmstrom et al. 1998) and used to
simulate the nutritional conditions found in marine environments. The biofilms formed were analysed
by colony-forming unit counts to determine the number of culturable cells and by Optical Coherence
Tomography (OCT) to analyse the biofilm thickness and architecture.

3. Discussion

The analysis of biofilm composition revealed that PLA films coated with 0.5% and 1% (w/v) CS exerted
a significant antimicrobial effect by reducing the number of culturable cells by up to 58% and 69%,
respectively, compared to the control. Regardless of the CS concentration, the results suggest that CS
coatings with lower Mw CS had higher antimicrobial activity since the most active surfaces were those
coated with CS1, CS2, and CS3 with 186, 129, and 61 kDa, respectively (Lima et al. 2022).

OCT imaging was used to assess the thickness and architecture of C. marina biofilms. Regarding biofilm
thickness, significant reductions were observed for all functionalized surfaces compared with PLA. This
antifouling effect was higher on biofilms developed on PLA-CS1, PLA-CS2 and PLA-CS3 surfaces,
achieving thickness reductions of up to 36%. In general, no significant differences between the
concentrations of 0.5% and 1% (w/v) CS were observed in biofilm culturability and thickness.
Concerning C. marina biofilm architecture, regardless of the CS concentration, biofilms developed on
PLA-CS surfaces presented visible differences in their structures compared with those grown on PLA
films. Biofilms formed on the functionalized surfaces were more homogeneous and compact, while
those formed on the control surface presented more prominent and irregular structures. These results
were corroborated by the biofilm cell counts and thickness, revealing that both native CS and its
derivatives prevented C. marina biofilm development (Lima et al. 2022).
4. Conclusions

CS coatings showed long-term and Mw-dependent antifouling performance against C. marina biofilms
under the marine environmental conditions mimicked in this work. Overall, the incorporation of CS in
marine paints may be a promising eco-friendly antifouling approach to reduce biofouling on ship hulls,
simultaneously contributing to the valorization of marine waste.
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Abstract

The negative impact of synthetic UV filters in sunscreens is a growing concern, as studies
have found that these compounds can be harmful and toxic to aquatic organisms and
humans, which causes a necessity to find new, safe and non-pollutant compounds to act
as UV filters. Plant extracts containing phenolic compounds have shown promise and
sustainable alternative to synthetic UV filters to produce sunscreen formulations due to
their high antioxidant capacity and UV filters properties. However, these compounds are
very sensitive to light and pH, and the microencapsulation technology arises as solution
to protect them when incorporated in cosmetic formulations. This project consists in
producing a sunscreen incorporating microencapsulated onion peel extract. The
characterization of the extract revealed a great antioxidant capacity and a significant
presence of quercetin. The following steps are to microencapsulate the extract,
incorporate it in the formulation and evaluate the performance of the sunscreen.

Author Keywords. Sunscreen, onion peel, phenolic compounds, UV filters,
microencapsulation.

1. Introduction
Prolonged exposure to sunlight is harmful for the skin, being the cause of several skin diseases, such
as skin cancer, solar burn and hyperpigmentation. Sunscreens appear as the solution for people to
safely benefit from the sunlight without harming their skin. Nowadays, most sunscreens available on
the market have synthetic UV filters in their formulations. However, some synthetic UV filters have
been proved to be toxic to marine species and human body, which lead to them being removed from
the market (Jesus et al. 2022).
In recent years, there has been growing interest among the scientific community in plant extracts
containing polyphenols as a natural alternative to synthetic UV filters. Polyphenols are known to be
rich in antioxidants and present a strong photo-protection capacity. Although having these properties,
polyphenolic compounds are highly sensitive to light, pH, temperature and oxygen, being easily
oxidized and losing their bioactive interest. A protector of these compounds is then necessary, and
microencapsulation is presented as a possible solution.
An interesting source of plant extracts are agricultural by-products as they are cheap to obtain and rich
in bioactive compounds and by incorporating them in cosmetics we are contributing to the circular
economy model (Ferreira, Gomes, and Santos 2023). Hence, this works proposes to formulate a
sunscreen with microencapsulated onion peel extract incorporated and evaluate its properties.

2. Materials and Methods
The onion peel extract was obtained by performing a solid-liquid extraction for 2 hr, using a Soxhlet
apparatus. The solvent used was ethanol. The antioxidant capacity was evaluated by carrying out the
Total Phenolic Content method (TPC), the DPPH (2,2-diphenyl-1-picrylhydrazy) and the ABTS (2,2-
azinobis (3-ethyl-benzothiazolin-6-sulfonic acid)) assays. To analyze the photo-protection capacity of
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the OP extract, it was studied its Sun Protection Factor (SPF), using a spectrophotometer method. The
qguantification of the main phenolic compounds present in the extract was achieved by high-
performance liquid chromatography- diode array (HPLC-DAD). All the tests performed were done
according to the protocols of (Ferreira, Gomes, and Santos 2023).

3. Discussion

The values obtained for the characterization of the extract are presented in Table 1.

TPC (mgcat 8 Lextract) 585.23 +10.43
DPPH TE (mgre g textract) 199.71+1.16
IC50 (mg L) 31.01+1.98
ABTS (mgreac 8 textract) 381.45 + 8.05
HPLC-DAD Quercetin (Mg/g dried extract) 2.46
Resveratrol (Mg/g dried extract) 0.24

The results are expressed as mean + standard deviations of 4 independent measurements. TPC: total phenolic content; GAE:
gallic acid equivalents; 1Cso: the concentration of extract necessary to inhibit 50% of DPPH radical; TE: Trolox equivalents;
TEAC: Trolox equivalent antioxidant capacity.

Table 1 : Characterization of the Onion Peel Extract regarding its antioxidant capacity and compounds identified by HPLC-
DAD.

The TPC value obtained is within the range of the literature values, but it is closer to the higher values
of the literature which demonstrates a high phenolic content in this extract (Benito-Roman et al. 2020).
It is also important to evidence the value of the half maximal inhibitory concentration (ICso), which
represents the concentration of extract needed to inhibit 50 % of the DPPH present in solution. The
obtained value is inferior to 50 mg L, which means this extract is considered a very strong antioxidant
(Fitrasyah et al. 2021).

Quercetin and resveratrol were the found to be the main phenolic compounds present in the onion
peels extract, which is in accordance with the literature.
The sun protection factor was analyzed for different concentration of onion peel (OP) extract and was

compared to a synthetic UV filter serving as positive control (oxybenzone), as presented in Table 2.
The absorbance spectra are illustrated in Figure 11 .

Sample Concentration = SPF -y

(mg mL?) i1
Oxybenzone (positive 0.010 5.39 . L
control) = 5
Onion Peel Extract (OP)  0.045 3.73 '\/\\\/\
Onion Peel Extract (OP) | 0.095 9.04 M
Onion Peel Extract (OP) | 0.010 0.89 h

Wavelength / nm

Table 2 : Sun Protection Factor for different concentration

of Onion Peel Extract. Figure 11 : Absorbance spectra of the several solutions.
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It is observed that, the onion peel extract can achieve the same and higher values of SPF than the value
for the synthetic UV filter. However, the onion peel extract needs to be in a more concentrated solution
to achieve the same values of SPF. Nevertheless, the fact that it presents good results in terms of its
photo-protection capacity means this extract presents itself as a good alternative for a UV filter. In
Figure 11, it is shown that OP absorbs in the same UV region as oxybenzone, and also at higher values
of wavelength (350 — 390 nm), in which oxybenzone does not absorb, possibly providing protection
against a wider range of UV radiation than the synthetic compound.

To protect phenolic compounds when incorporating them in cosmetic formulations, a
microencapsulation method, based on the protocol presented by (Kalogeropoulos et al. 2010), is being
optimized. The microparticles, containing the onion peel extract, will be incorporated in a sunscreen
formulation and its physicochemical properties, stability and SPF value will be studied across 4 weeks.
The results will be compared to a formulation containing the non-microencapsulated extract.

4. Conclusions

The results of the characterization of the OP extract revealed that the extract is a promising alternative
to synthetic UV filters used in cosmetic formulations. This suggests that several by-products from the
agri-cultural sector may be reused to develop value-added products. After defining the
microencapsulation protocol, the following step is to incorporate the OP extract in the formulation
and evaluate its photo-protection capacity, as well as the performance of the sunscreen along the
time.
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Abstract

Phytochemicals present excellent physicochemical properties that allow their
application as photosensitizers. Herein, the efficacy of blue light to photoactivate
curcumin (CU) and in turn promote it antimicrobial activity against two clinical strains
of Staphylococcus aureus (CECT 976 and MJMC568-B), including methicillin-resistant
(MRSA), was investigated. Additionally, the photodynamic antimicrobial effect of this
plant secondary metabolite on the improvement of less effective antibiotics
(mupirocin-Mup, methicillin-Met, tetracycline-Tet and tobramycin-Tob) was
explored. The obtained results reveal that the photoactivation (420 nm, 30 mW/cm?,
10 min) of CU leads to a 32-fold reduction in its minimum inhibitory concentration
(200 pg/mL). Only the combination of CU with Tob and Mup, showed a synergistic
effect. These combinations were photoactivated and the CU-Tob combination
promoted 100% of photoinactivation for MRSA strain. Photoactivated CU-Tob
combination demonstrated for the first time a great antimicrobial potential for the
treatment of S. aureus infections.

Author Keywords. Antibiotic Combinations, Bacterial Infections, Multi-Drug
Resistance, Curcumin, Phytochemicals, Photosensitizers Agents.

1. Introduction

Antimicrobial photodynamicinactivation (aPDI) has been widely studied as a promising strategy to face
the global problem of antibiotic resistance amongst clinical relevant bacterial pathogens (Borges et al.
2015). This approach explores the induction of cell cytotoxicity through the production of reactive
oxygen species (ROS) (Gongalves et al. 2023). This process involves the transition from a low energy
level (ground state) to a high energy level (excited state). The reduced photosensitizer can interact
with oxygen through a redox reaction, leading to ROS production molecules that cause irreversible
damage to cellular structures, including the membrane and DNA, which can lead to cell death
(Gongalves et al. 2023). In this context, the identification of natural photosensitizers from plants, i.e.
phytochemicals, emerged as an attractive eco-friendly and cost-effective way to effectively suppress
bacterial resistance mechanisms.
The aim of this study is to develop innovative antimicrobial strategies using curcumin (CU) to develop
a novel and natural system for photoinactivation of two clinical strains of Staphylococcus aureus. This
approach also focuses on the activity recovery of less effective antibiotics based on a combinatorial
approach.

2. Materials and Methods

Bacterial strains and antibacterial compounds
S. aureus CECT 976 and MJMC568-B were used in this study. S. aureus MJMC568-B (methicillin-
resistant-MRSA) was isolated from patients with diabetic feet at the Centro Hospitalar de Tras-os-
Montes e Alto Douro (Portugal). S. aureus CECT 976 (methicillin-susceptible-MSSA) was used as model
microorganism. A stock solution of CU, mupirocin (Mup), methicillin (Met), tetracycline (Tet), and
tobramycin (Tob) (Sigma-Aldrich were prepared in dimethyl sulfoxide (DMSO, Sigma)/distilled water
(Met and Tob) and was stored at -20 °C until use.
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Minimum inhibitory and bactericidal concentrations determination

The minimum inhibitory concentration (MIC) of each compound to be tested was firstly determined
using the broth microdilution method (Borges et al. 2013). For each bacterium, different
concentrations of CU (6.25-1000 pg/mL) and antibiotics (0.0625-1024 ug/mlL) were used.
Subsequently, the minimum bactericidal concentration (MBC) was assessed by plating 10 pL of the
well contents on plate count agar.

Antibiotic-potentiation assay

The synergistic activity of the phytochemical-antibiotic combinations were assessed by disc diffusion
test (DDT) and checkerboard assay (CKB) (Abreu et al. 2014). In DDT, CU was incorporated into
Mueller-Hinton agar at 1/10xMIC. Sterile blank discs were placed on the agar plates and were
impregnated with 15 uL of each antibiotic (at concentration recommended by the CLSI guidelines). In
CKB, CU and each antibiotic was tested at concentrations ranging from 1/64 to 2xMIC. Readings at 600
nm were measured spectrophotometrically.

aPDl assay

The antimicrobial photodynamic capabilities of CU and their photoactivated combinations were tested
using an LED emitting visible light at 420 nm during 10 min, with a power density of 30 mW/cm?, under
a laminar-flow hood in the dark. Cells were incubated for 30 min before irradiation (37°C, 150 rpm).
After irradiation, the cells were incubated for 6 hours (37°C, 150 rpm). The culturability of the cells was
assessed after 30 min and 6 hours of incubation. The control groups were maintained in the dark.

3. Results and Discussion

Antimicrobial resistance (AMR) is one of the greatest threats to global health. Phytochemicals can act
as antibacterial agents through different mechanisms of action (Borges et al. 2015). Particularly, the
ROS production capacity of phytochemicals when photoactivated has shown positive results. CU has
been extensively studied as a photosensitizer (Gongalves et al. 2023). However, the photoactivation of
CU-antibiotic combinations is still largely unexplored. Therefore, the aim of this study was to evaluate
the antimicrobial photodynamic activity of CU and its combinatorial effect with 4 conventional topical
antibiotics against two clinical isolates of S. aureus (CECT 976 and MJMC568-B). For this purpose, the
MIC and MBC values of all tested compounds were firstly evaluated (see Table 3). The MIC and MBC
values for
S. aureus MJMC568-B are higher than those determined for S. aureus CECT 976. These results are
supported by the higher antibiotic resistance usually displayed by the clinical strains (Luo et al. 2018).
The results of the antibiotic potentiation tests showed that CU-Mup and CU-Tob had a synergistic
effect. This potentiation may be due to increased cell membrane damage and oxidative stress
promoted by CU (Kali et al. 2016).

The results of the photoactivation of CU showed that its irradiation (10 min) resulted in a
32-fold reduction in MIC values compared to the same condition without irradiation. These results
suggest that CU has remarkable photodynamic capabilities and that it can enhance its antimicrobial
activity when exposed to blue light.

Photoactivation of CU-Tob and CU-Mup combinations in the aPDIl assay showed that both
combinations caused a decrease in culturable cells. However, the CU-Tob combination showed the
best results (approximately 4 and 9 log (P<0.0001) reductions (CFU/mL) for S. aureus CECT 976 and
MJMC568-B, respectively). In the case of aPDI of S. aureus MIMC568-B, the combination CU-Tob
allowed 100% inactivation of the culturable cells (see Figure 1). The photoactivated CU-Tob
combination showed excellent ability to photoinactivate the clinical strain MRSA and simultaneously
restore the antimicrobial activity of Tob.
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4. Conclusions
In this study it was demonstrated for the first time that photoactivation of the CU-Tob leaded to
promising antimicrobial effects against S. aureus. This study also highlights the potential of
photoactivated CU to restore the antibacterial activity of less effective antibiotics. Further studies are
underway to investigate the antimicrobial mechanisms of action of the photoactivated combinations.
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Abstract

To overcome the global health problem of antimicrobial resistance, the phytochemicals
perillyl alcohol and hydrocinnamic acid were tested for their antimicrobial and
antibiofilm activities against Escherichia coli CECT 434. Both alone and combinatorial
approaches with commercial antibiotics were effective. In addition, a recent
bioinformatic tool named Combenefit was used to study the combinatorial effects
regarding the inhibition of bacterial growth, allowing to attribute synergism scores and
determine the concentrations of phytochemicals and antibiotics with better results.

Author Keywords. Antibiotic resistance, Biofilm control, E. coli infections, Plant-based
natural product, Combinatorial solutions, Phytochemical-antibiotic interaction.

1. Introduction
The treatment of bacterial infections has been troubled by the increased resistance to antibiotics
(Kolar 2022; Terreni, Taccani, and Pregnolato 2021). Thus, it is crucial to discover novel and effective
therapies to control and eradicate planktonic and sessile bacterial cells (Ma et al. 2022).
Phytochemicals have demonstrated broad-spectrum and effective antibacterial effects as well as
antibiotic resistance-modifying activity (Khare et al. 2021). In this study, perillyl alcohol and
hydrocinnamic acid were characterized for their antimicrobial and antibiofilm action against
Escherichia coli CECT 434.
2. Materials and Methods

First, the minimum inhibitory concentrations (MIC) and the minimum bactericidal concentrations
(MBC) were determined for two phytochemicals: perillyl alcohol and hydrocinnamic acid and two
antibiotics: chloramphenicol and amoxicillin, against one microbial strain: E. coli CECT 434. Dual and
triple combinations of these phytochemicals with chloramphenicol and amoxicillin were investigated
for the first time by the checkerboard microdilution assay and data was analysed by the Combenefit
software, which is a powerful and innovative bioinformatic tool that enables the visualization, analysis,
and quantification of drug combination effects attributing synergism scores analysis. Regarding the
biofilms, the activity of individual treatments (at MIC, 5xMIC and 10xMIC) and the effect of dual and
triple combinations (at MIC and 5xMIC) were characterized in terms of biomass removal (through the
staining with crystal violet) and culturability of the cells (by the drop plate method). Moreover, the
combination amoxicillin/metronidazole was used as a positive control for comparison of the other
combinations involving amoxicillin since metronidazole is often used as an adjuvant of amoxicillin.

3. Discussion
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Perillyl alcohol had a minimum inhibitory concentration (MIC) of 256 pg/mL and a minimum
bactericidal concentration (MBC) of 512 pg/mL. Hydrocinnamic acid had a MIC of 2048 pg/mL and an
undetectable MBC (> 2048 pg/mL).

Through the analysis of the checkerboard assay by the Combenefit software, it was observed that the
combinations of amoxicillin with each phytochemical resulted in synergism for several concentrations,
being more intense for an amoxicillin concentration of 2 pg/mL. Combining chloramphenicol with each
phytochemical resulted in synergism at lower concentrations of the antibiotic and a very mild zone of
antagonism at intermediate or high concentrations of chloramphenicol.

Both phytochemicals provided total elimination of colony-forming units (CFU) at 5xMIC and 10xMIC.
The highest percentages of biomass reduction (61.7% + 1.6% for 10xMIC) were obtained for E. coli
treated with amoxicillin. All combinations revealed moderate efficacy in terms of biomass reduction.
Considering the culturability of sessile cells, synergism was determined for 20.0% of combinations,
additivity for 60.0%, and indifference for 20.0%.

4. Conclusions

The results of this study highlighted the potential of combinatorial therapies for planktonic and biofilm
control, where phytochemicals play an important role as resistance-modifying agents.
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1. Introduction

The development of antimicrobial resistance (AMR) by bacteria is putting an end to the “golden-era”
of antibiotics and is already responsible for thousands of annual deaths worldwide (O’Neill 2014; Bai
et al. 2010). This increasing threat to public health requires the development of novel therapeutic
solutions (Michael et al. 2014). Nucleic Acid Mimics (NAMs) are chemically modified nucleic acids
showing nuclease resistance and high affinity and selectivity for their targets (Santos et al. 2017). NAMs
can hybridize with intracellular bacterial RNA and thus have great potential to be applied as
therapeutics or as diagnostic tools (Karkare and Bhatnagar 2006).
However, NAMs are charged macromolecules and thus poorly internalized by bacteria, as their
envelope poses a stringent permeability barrier (Xue et al. 2018). Therefore, NAMs must be delivered
into the bacterial cytosol so that they can fulfil their potential.

2. Materials and Methods
In this work, the influence of the liposomes’ lipid composition on the delivery efficiency of NAMs into
important foodborne pathogens (Escherichia coli CSH36, Salmonella enterica Typhimurium SGSC2523
and Listeria monocytogenes ATCC7644) was studied via flow cytometry. Liposomes were composed of
the cationic DOTAP, the fusogenic DOPE and the stabilizing DSPE-methoxi-PEG in varied amounts and
synthesized following an ethanol dilution method. NAMs were designed to target the essential acpP
gene and fluorescently labelled with Cy3.

3. Discussion
A high delivery efficiency of NAMs was obtained with over 80% of E. coli cells internalizing the NAMs
when using a 50:50 ratio of DOTAP/DOPE (without any PEG). However, and for all the tested bacteria,
the addition of even a slight percentage of PEG resulted in a significant decrease of this value. Changing
the DOTAP/DOPE ratio to 75:25, while including 1% mol PEG seemed to reduce the detrimental effect
of the PEGylation.

4. Conclusions
These results show that cationic-fusogenic lipids have potential for the delivery of antisense NAM
probes into bacteria. Future work will include the functionalization of lipopNAMs with antibodies,
aiming for higher efficiency and specificity of the delivery.
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Abstract

An azaindole derivative was grafted on TiO, as a novel photocatalyst, resulting in the
improvement of photocatalyst properties, such as the band gap narrowing and favoring
the photogenerated charge separation, as proved by photoluminescence and transient
photocurrent tests. Grafted-photocatalyst allowed the removal of different
pharmaceuticals in water under solar irradiation, even in a continuous flow regime, thus
finding a new strategy to design solar-light-driven photocatalysts for the degradation of
pollutants in water.

Author Keywords. Solar irradiation, pharmaceuticals, grafted TiO,, azaindole.

1. Introduction
The use of TiO: as a reference photocatalyst under solar light is constrained by the characteristic large
band gap value (Eg = 3.2 eV). This results in that only the UV contribution from the solar spectrum (i.e.,
around 5 %) can be harvested to generate the electron/hole pair responsible for the formation of
oxidant radicals that may allow the degradation of water contaminants (Agbe et al. 2019). This work
aims to prepare a donor-acceptor azaindole compound grafted on TiO; (Figure 1a) to enhance the
photocatalytic properties and performance in the conversion of pharmaceuticals from aqueous
solution under solar and visible irradiations.

2. Materials and Methods
An azaindole derivative (AZA4) was synthesized through different organic reactions starting from 5-
bromo-7-azaindole, and finally, it was anchored on TiO, by Knoevenagel reaction (Pefias-Garzon et al.
2023). After purification and characterization, the novel TiO,-AZA4 was used in the conversion of the
pharmaceuticals acetaminophen, ibuprofen, and antipyrine, in both batch and continuous flow
regimes. Some reaction parameters, such as the initial pH of the solution or the photocatalyst dose
were investigated, as well as the likely contribution of radical species was assessed.

3. Discussion
TiO,-AZA4 showed a remarkable improvement in the photocatalytic performance compared to the
non-grafted TiO,, and even to benchmark P25 under visible light (Figure 1b). This enhancement was
ascribed to i) lower Eg value, and ii) higher separation of charge carriers and efficiency for interfacial
electron transference as proved by transient photocurrent tests (Figure 1c). The prepared
photocatalyst also proved their ability for the elimination of a mixture of pharmaceuticals, including
acetaminophen, ibuprofen, and antipyrine in a continuous flow regime for 20 h.
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Figure 12: a) Scheme of the azaindole compound grafted on TiO»; b) evolution of acetaminophen (ACE) concentration using
TiO,, TiO,-AZA4, and benchmark P25 under visible light; and b) transient photocurrent light/dark cycles of TiO, and TiO,-
AZA4.
4. Conclusions

This study presents the photocatalytic performance of a novel azaindole grafted on TiO,. The
synthesized TiO,-AZA4 represents a new strategy to design solar-light-driven materials for the
degradation of aqueous contaminants under solar light in both batch and continuous regime
experiments. The proposed band configuration of TiO,-AZA4 suggests that the photogenerated
electrons from the azaindole compound are injected into the conduction band of the TiO,, allowing
the degradation of the pharmaceuticals.
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Abstract

The role of bioaccessibility and metabolism on the bioactivity of phenolic compounds
has been explored in several studies. The bioactivity of phenolic compounds is not
only ascribed to the compounds themselves, but mostly to the metabolites resulting
from their passage by the gastrointestinal tract. New insights on the recovery of
phenolic compounds from food by-products have been prioritized in the last
decades, aiming to employ them as active ingredients for industrial purposes (Pinto
et al. 2021). Chestnut shells (CS) are one of the most abundant by-products
generated by the Portuguese chestnut fruit industry, highlighting the need to seek
for clean and proficient approaches to manage this agro-industrial waste (Lameirdo
et al. 2020). The current study evaluates the effects of the in-vitro simulated human
digestion on the phenolic composition, antioxidant/antiradical properties, and
radicals scavenging potential of CS extract prepared by Ultrasound-Assisted
Extraction (UAE), enlightening on their bioaccessibility. The metabolomic profiling of
the CS extract and the digested samples was explored by HPLC-DAD.

The results unveiled a decrease of 41% and 65% in the total phenolic content after
gastric and intestinal digestion when compared to the CS extract (355.05 mg gallic
acid equivalents (GAE)/g dry weight (dw)). Likewise, the antioxidant activity and
radicals counteracting potential were also reduced after digestion (35-50%
reduction), indicating that the metabolites formed during the gastrointestinal
digestion disclosed lower antioxidant capacity than the original parent compounds.
The phenolic composition unveiled the presence of hydroxybenzoic acids,
hydroxycinnamic acids, flavanols, flavonols, flavones, and flavanones, along with one
alkaloid and one stilbene. Despite the identical phenolic compounds, changes in their
concentrations and some biotransformation reactions were identified in digested
and undigested extracts, suggesting a lower bioaccessibility of CS extract after
digestion.

This study attested the interesting bioactivity of CS extract even after the in-vitro
digestion, providing a step forward in its valorization as antioxidant ingredient for
functional foods. Novel strategies should be explored to enhance the bioaccessibility
of phenolic compounds, such as encapsulation techniques.

Keywords: Castanea sativa; in-vitro digestion; phenolic compounds; bioaccessibility;
metabolomic.
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Abstract

Lycium barbarum L. is a species widely used in dietary supplements and natural
healthcare products. The berries, also known as goji or wolfberries, mostly grow in China,
but its popularity and cultivation have increased around the world due to recent reports
that highlighted their remarkable polyphenolic content and outstanding therapeutic
properties. This study aims to determine the optimal ultrasound-assisted extraction
(UAE) conditions for goji berries and evaluate its antioxidant/antiradical activities. The
data obtained suggests that the optimized extract is very promising for nutraceutical
proposes.

Author Keywords. Lycium barbarum. Response Surface Methodology. Ultrasound-
Assisted Extraction. Antioxidant Activity.

1. Introduction

Lycium barbarum L. fruits, also known as goji berries, have been traditionally used as herbal medicine
(Donno et al. 2015). The plant mostly grows in Asian regions (Donno et al. 2015; Vidovic et al. 2022)
and present a high nutritional value and rich bioactive composition, particularly in phenolic
compounds, vitamins, sugars, organic acids, and minerals (Pires et al. 2018). The potential healthy
properties of goji berries, such as antioxidant, antimicrobial andanti-inflammatory effects, have been
highlighted in recent years (Teixeira et al. 2023), allowing to classify the fruit as a “superfruit” (Vidovic
et al. 2022).

This study aims to determine the optimal ultrasound-assisted extraction (UAE) conditions of
polyphenolic antioxidants from L. barbarum berries using a mathematical model, namely Response
Surface Methodology (RSM), and evaluate its antioxidant activity.

2. Materials and Methods

Goji berries were obtained in a local supermarket located in Porto, Portugal. A mathematical model,
namely RSM, was used to determine the optimal extraction conditions of goji berries.The impacts of
solid-liquid ratio (2.5 — 10.0%, w/Vv), time (20 — 60 min), and intensity (30 — 70 W/m?) in total phenolic
content (TPC) and antioxidant/antiradical activities (assessed by DPPH, ABTS and ferric-reducing
antioxidant power (FRAP) assays) were assessed. The optimal extract was characterized regarding its

ability to scavenge reactive oxygen species (ROS), namely superoxide dismutase (02°7), hypochlorous
acid (HOCI), and peroxyl radical (ROO’), andreactive nitrogen spicies (RNS), such as peroxynitrite
(ONOQ"), in the presence and absence of NaHCO3, and nitric oxide (NO').

3. Discussion
According to the RSM, the optimal extraction conditions were achieved using a solid-liquid ratio of

8.75% (w/v) and an intensity of 59 W/m? for 56.21 min. Table 1 summarizes the experimental and
predicted values for the UAE optimal condition, validating the mathematicalmodel.

TPC (mg GAE/g) ABTS (mg AAE/g) DPPH (mg TE/g) FRAP (1umol FSE/g)

Experimental value* 23.87 +1.47 15.15+1.13 10.25+0.81 105.97 £8.20
Predicted value 20.45 13.73 8.29 106.60
p-value 0.066 0.067 0.258 0.266
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Table 1: Experimental and predicted value of TPC, ABTS, DPPH and FRAP for theoptimal extract. *Results are expressed as
mean + standard deviation (n=3).

The optimal extract was evaluated regarding ROS and RNS scavenging capacity (Table 2).

RNS ROS
Sample ONOO" without ONOO" with HOCI ROO*
NaHCO3 NaHCO3 Qe-2
IC50 (pg/mL) IC50 (ug/mL)  1C50 (ug/mL)  1C50 (ug/mL) pmol TE/mg dw

Optimal extract 57.78 +4.26° 93.51+19.65" 225.25+53.26° 12.99+1.13°¢ 0.15+0.01°
Positive controls

Catechin 0.19+0.03° 0.29+0.07® 18.01+0.77* 0.20+0.03° 6.37+2.32°

Gallic acid 0.20 +0.004 ® 0.28+0.05%°  6.34+0.53® 2.60+0.14°  2.45+0.54°

Table 2: Peroxynitrite (ONOO-) in the presence and absence of NaHCO3, nitric oxide(NO’), hydrogen peroxide (H202),
superoxide anion radical (O * -), hypochlorous acid(HOCI) and peroxyl radical (ROO), scavenging capacities of the optimized
extract of goji berries. Results are expressed as mean + standard deviation (n = 3). Different letters in the same column mean
significant differences (p < 0.05).

Based on the results presented in Table 1, along with the results regarding radical oxygen andnitrogen
scavenging capacity summarized in Table 2, it is possible to affirm that the optimal extract achieved a
high TPC and great antioxidant/antiradical activity.

4. Conclusions

The results obtained emphasize the great antioxidant/antiradical potential of goji berries extracted by
UAE for nutraceutical and food industries application. Further studies regarding phenolic composition
and in vitro intestinal permeation should be performed to clarify the safety of the optimized goji berries
extract for nutraceutical use.
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Abstract
Valorisation of by-products and maximum utilization of raw material constitute highly
relevant topics in the EU and worldwide. The desirable valorisation is not always present.
These materials contain different types of phytochemical compounds such as
polyphenols, that display a set of biological properties, including chemo-preventive, anti-
inflammatory and immune-stimulating.
In this work, the microencapsulation of strawberry (Fragaria Vesca) plant extract and its
main bioactive compound - quercetin was studied by spray drying using individual
biopolymers, binary and ternary blends of pectin, alginate, and carrageenan. Quercetin is
widely used in cosmetics, nutraceuticals, and pharmaceuticals due to its high antioxidant
and anti-inflammatory potential. Mini Spray-dryer BUCHI B-290 (Flawil, Switzerland) was
used to produce the different microparticles. For the spray drying process were used as
independent variables the inlet air temperature (115 °C), the flowrate (30%) and the
concentration of encapsulant agent (1% (w/v)).
The microparticles were characterized by size, morphology, and release profile. The
quercetin was completely released from the microparticles, with total release times
ranging from 200 to 600 s. The microparticles were evaluated by Scanning Electron
Microscopy (SEM) and by Coulter showing an average size of 3 um.
In conclusion, the microstructures prepared present promising characteristics for food,
nutraceutical, and cosmetic applications.

Keywords: By-products, Fragaria Vesca, Quercetin; Microencapsulation; Spray Drying.
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Abstract

The antimicrobial resistance (AMR) crisis has been deemed as one of the most concerning
health problematics of today (WHO 2022). The inefficacy of the antibiotics traditionally
used in the clinical practice urges the development of novel antibacterial drugs. Antisense
oligonucleotides can target essential bacterial genes, leading to bacterial death upon
hybridization. Chemically modified oligonucleotides, dubbed nucleic acid mimics (NAMs),
have the advantage of being resistant to enzymatic degradation (Pereira et al. 2021).
However, it is not known whether NAMs can cross the stringent bacterial envelope.
Therefore, our goal was to assess if NAMs could diffuse through bacterial membranes,
starting off with lipidic bilayers. We resorted to molecular dynamics (MD) to predict the
interaction of NAMs with 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC)-only
and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol (POPG)-only systems.

We employed a charge parameterization protocol for the modified nucleotides using the
ANTECHAMBER module from AMBER (D.A. Case 2022). Thereafter, we simulated Locked
nucleic acid (LNA) and/or 2'-O-methyl (2’Ome) modified sequences solvated in water and
compared the structural properties obtained with those published in the literature to
validate our protocol (Yildirim et al. 2014). After validation, we built the POPC-only and
POPG-only bilayers with Charmm-Gui (Jo et al. 2008) and equilibrated them with
GROMACS (Berendsen, van der Spoel, and van Drunen 1995, Van Der Spoel et al. 2005).
Following membrane equilibration, we positioned a 7 mers NAM sequence above the
bilayers and simulated the system following a typical MD protocol. After a production of
300 ns, our results showed that the sequence did present some adsorption towards the
membranes but did not insert itself into the bilayers. Hence, it seems unlikely than NAMs
can cross the bacterial envelope through simple diffusion. Still, umbrella sampling
simulations were conducted to obtain the potential of mean force of the sequence across
the bilayers and infer possible interactions between the molecule and the lipids. The PMF
profile obtained for POPC reveals a high energy barrier for the translocation of the NAMs,
which might be related to the dragging of water molecules by the sequence. Umbrella
sampling simulations for POPG are ongoing, and additional systems with membranes of
different lipidic compositions are being equilibrated. Moreover, delivery vectors will be
investigated to reveal potential strategies to effectively deliver NAMs into the bacterial
cytosol.

Author Keywords. Molecular Dynamics, Nucleic acid mimics, Diffusion, Antibacterial
drugs.
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Abstract

Over the years airlift, bubble column and stirred tank reactors have been used to
enhance gas-liquid mass transfer. Recently, a novel reactor, the oscillatory flow reactor
provided with smooth periodic constrictions (OFR-SPC) has been successfully applied to
improve the mixing efficiency of several chemical processes either in the presence
(Ferreira et al. 2017; Gongalves et al. 2021) or absence of solids (Ferreira, Teixeira, and
Rocha 2015; Almeida et al. 2022). Mixing efficiency implies low power density, and hence,
lower operational costs. The OFR-SPC is a multiphase reactor and consists of a column
provided with periodic baffles, operating under oscillatory flow mixing, controlled by
oscillation amplitude (x,) and frequency (f) imposed on the liquid (Almeida et al. 2022).
As far as it is known the reported results on the OFR are only in semi-batch mode (batch
liquid phase and continuous gaseous phase), which is motivation enough to investigate
more and improve knowledge using this reactor in continuous mode (continuous liquid
phase and continuous gaseous phase). This operation mode applied to the OFR is a new
way for industrial applications, namely in microalgal culture, and fermentation
bioprocess. Thus, in the present work, the continuous mode operation was used for the
first time in an OFR to analyse the influence of the liquid flow rate on gas-liquid mass
transfer. The influence of the oscillatory conditions, i.e., oscillation amplitude and
frequency were also studied. The parameters evaluated included the volumetric liquid-
side mass transfer coefficient (k,a), gas holdup (), Sauter mean diameter bubbles (d5,)
and O, saturation concentration (C*). The results demonstrated that k;a increased with
oscillatory conditions, consequence of the bubble size decrease. It was found that &;
increase with oscillation amplitude and frequency due to the increase in bubble
residence time, except at low amplitudes where &;tended to reduce as frequency
increased, which may be a result of the oscillatory velocity imposed on the liquid. An
increase in the liquid flow rate promoted a decrease in &;, d3, and C* and an increase in
k,a. Therefore, the liquid flow rate is an important parameter to be optimized in
continuous mode since it changes k; a and C*, both important parameters to be regarded
for industrial application like cells growth.

Author Keywords. Gas-liquid Mass transfer, gas holdup, Sauter mean diameter.
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Abstract

Carbon dioxide (CO,) is one of the main drivers of climate change. The development of
technologies to transform excess CO, into valuable chemicals and fuels is crucial to
protect the environment and reduce dependence on fossil fuels. In this work, the most
suitable catalysts supports and metallic active phases for the CO, valorization reaction in
C,+ products (products with 2 or more C atoms) were assessed. The catalysts were
texturally characterized, and catalytic tests for the CO, hydrogenation reactions were
carried outat 200 — 350 °C, 15 — 20 bar and under H,, CO, and N, flows. AC-supported
catalysts recorded the lowest and the CNT-supported catalysts showed the highest CO,
conversion values. Although Na catalysts demonstrate the highest CO, conversion, Fe
catalysts are more selective for C,+ products.

Author Keywords. Carbon dioxide, carbon materials, catalysts, hydrogenation, Cy+
products.

1. Introduction

Carbon dioxide (CO,) is the most common greenhouse gas, accounting for about 76% of these gases
(“Global Emissions” 2019). Most of this pollutant comes from burning fossil fuels in industries and
residential or commercial buildings. The increase in these emissions results in global warming, which
triggers climate change and has consequences such as shortages of fresh water, rising floods and rising
sea levels, which influence livestock, agriculture, and the global food system (William D. Fletcher 2020).
The hydrogenation of CO, is a versatile route capable of producing various chemicals and C,+
hydrocarbons (Equation 1) (Wang et al. 2013).
nCO, +3nH, » C,H,, +2nH,0 (1)

The production of C,+ products (compounds with 2 or more C atoms) by the hydrogenation of CO,
would be highly desirable from the viewpoint of utilizing CO, as a carbon feedstock to produce
chemical products. However, the selectivity for C,+ products is still low in most of the reported
catalysts, so more fundamental studies are needed to develop an efficient catalyst for this purpose.
The most used catalysts in the CO,hydrogenation reaction through a modified Fischer-Tropsch
synthesis (FTS) are essentially metal oxides (ZrO,, CeO,, A¥,05, Fe,03) and carbon materials: carbon
nanotubes (CNT) and activated carbon (AC). Fe and Co based catalysts with alkali metal promoters
(especially Na and K) are highly active, with selectivity up to 57% for C, — C4 hydrocarbons and 40 —
60% CO, conversion. Both the support and the promoter metal may affect the activity and the
selectivity of the catalysts (Ye et al. 2019).
This work aims to find the most suitable supports and combination of metals for both CO, conversion
and selectivity to C,+ products.

2. Materials and Methods
Commercial multi-walled carbon nanotubes (CNT), activated carbon (AC), and aluminum oxide (y —
A#,03) were used as support for the metallic phases.
The metallic catalysts were prepared through incipient impregnation using the following metallic
precursors: iron nitrate, cobalt nitrate, cerium nitrate, potassium nitrate, sodium carbonate,
manganese acetate and ammonia molybdate. The total amount of impregnated metal corresponds to
20 — 37 % (wt.%). In all catalysts, the metallic precursor solution was impregnated in the support
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and left for 1.5 h at room temperature in the ultrasonic bath. Finally, the sample was placed in the
oven for 24 h at 100 °C. The thermal treatment of the synthesized materials was carried out at 400 °C
under a flowrate of N, (1 h) and H, (3 h) of 100 cm® min~? at a heating rate of 10 °C min™?.

The textural properties of the synthesized materials were determined by N, adsorption-desorption
equilibrium isotherms at -196 °C.

The performance of the catalysts for the CO, hydrogenation was evaluated on a Microactivity-
Reference (PID) unit. A mass of 200 mg of catalyst was placed in a continuous-flow fixed-bed steel
tubular reactor. All the catalysts were reduced under H, flow rate (37.5 cm® min~1) at 400 °C for 1 h.
Catalytic evaluation was performed under the reaction conditions of 200 — 350 °C, 15 — 20 bar and
a 50% (vol. %) Hy, 16.7% (vol. %) CO, and 33.3% (vol. %) N, flow rate (30 cm® min™?) for 1.5h
with a heating rate of 3 °C min~?. Analysis of products was conducted using the Micro GC Fusion® Gas
Analyzer chromatograph equipped with a packed Porapak Q column (length of 1 m) followed by a
packed 5 A molecular sieve column (5 m) connected to a thermal conductivity detector (TCD).

3. Discussion

AC presents the highest specific surface areas (394 — 966 m?g*), whereas A¢,05 the lowest (70 — 205
m?gl). The pore volume is higher in the catalysts supported on CNT.

Table 1 shows the CO, conversion results obtained at 350 °C.

CNT A,0, AC
supported Xco, [ % supported Xco, I % supported Xco, / %
catalyst catalyst catalyst
NaCo 95 NaCo 85 NaCo 90
NaCoMo 89 NaCoMo 73 NaCoMo 57
Fe 47 Fe 34 Fe 6
FeCoK 43 FeCoK 46 FeCoK 22
FeK 42 FeK 37 FeK 21
FeMnK 37 FeMnK 20 FeMnK 13
FeMn 35 FeMn 33 FeMn 15
FeMnCe 23 FeMnCe 36 FeMnCe 3

Table 1: CO, conversion results obtained for the maximum reaction, 350 °C.

It is notable that the AC supported catalysts recorded the lowest CO, conversion values, revealing that
is not an adequate support for these reactions. Among the catalysts supported on CNT and A¢,05,
only FeCoK and FeMnCe showed slightly better results when supported on A¢,05. Therefore, in the
next catalytic tests, AC-supported catalysts will not be included. CNT-supported catalysts have shown
to be promising for the reaction under study and will be our focus in the next developments of this
work. The rection products obtained for Fe-impregnated catalysts were carbon monoxide (CO),
ethylene (C,H,), ethane (C,Hg), propylene (C3Hg), propane (C3Hg) and at least six more C,+ products
that we have not yet been able to identify. On the other hand, catalysts with Na, although presenting
higher CO, conversions, were less selective to C,+ products, obtain only CO, methane (CH,), C,Hg,
C3Hg and pentane (CsH;5).
4. Conclusions

The main objective of this study was to decide which support was most suitable for the CO, recovery
reaction in C,+ products and which combinations of metals would be more favorable for the CO,
conversion and the selectivity of C,+ products. AC-supported catalysts recorded the lowest CO,
conversion values. The catalysts supported on CNT showed to be promising for the reaction under
study and will be our focus in the next developments of this work. Fe-impregnated catalysts were
selective for at least 11 C,+ products. On the other hand, catalysts with Na, although presenting a
greater capacity to obtain higher CO, conversions were selective to only 5 C,+ products. Therefore,
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the next catalysts will be synthesized using combinations of Fe and Na to find a balance between
conversion and selectivity to the CO, hydrogenation reaction.
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Abstract

In this work, various gel polymer electrolytes containing different polymers and Li- based
salts were prepared and applied in the development of flexible supercapacitors (SCs) and
electrochromic supercapacitors (ECSCs). The electrolytes were optimized to improve
their ionic conductivity and increase the potential window of operation of the resulting
devices. Textile-based SCs were prepared through the assembly of cotton-based
electrodes coated with multiwalled carbon nanotubes sandwiching the polymer
electrolytes, while the ECSC device was designed using flexible plastic substrates coated
with PEDOT:PSS as electrodessandwiching the best-performing polymer electrolyte. The
textile-based SC with thebest electrochemical performance was designed using the gel
polymer electrolyte containing LiClO4 and polymethyl methacrylate in 1:1.5 mass ratio,
exhibiting an energy density of 4.96 uW h cm™ at a power density of 910.76 pW cm.
Moreover, a flexible ECSC device was developed, with its color changing from colorless
to dark blue by application of -1.5/1.5 V potentials.

Author Keywords. gel polymer electrolyte, energy storage, supercapacitors,
electrochromism, flexible devices.

1. Introduction

Over the years, the global demand for energy and the exhaustion of fossil fuels have been leadingto a
quest for clean and safe energy storage devices. Supercapacitors (SCs) are a greenand safe energy
storage solution, presenting long cycle life, high power density and fast charging. One of the current
challenges relies on the development of multifunctional SC technologies with sensing properties in
order to monitor in real-time energy consumption. Electrochromic supercapacitors (ECSCs) combine
the principles of SCs (energy storage) and electrochromic (EC) devices in a single multitasking device
that reversibly changes color underan applied potential. ECSCs have the potential to be applied in
wearable electronics for daily applications, such as healthcare monitoring, flexible electronic displays
and sensors (Lu et al. 2021).

Gel polymer electrolytes have an important function in the electrochemical performance of SCs and
ECSCs, acting both as ion donors and separators, unlike liquid electrolytes that operate in smaller
potential windows (~1.2 V) and may suffer corrosion (Kotobuki 2020).

In this work, several gel polymer electrolytes containing different polymers and Li-based saltswere
prepared and applied in the development of flexible electrical double-layer-type capacitors and an
ECSC. The electrolytes were optimized to improve their ionic conductivity and increase the maximum
potential window of operation of the resulting devices. Two typesof devices were fabricated: (i) textile-
based SCs composed of CNT-coated cotton electrodes;

(ii) flexible ECSC composed of two electrodes of PET-ITO (indium tin oxide on polyethylene
terephthalate) spray-coated with an electrically-conductive electrochromic polymer of (poly(3,4-
ethylenedioxythiophene) polystyrene sulfonate, PEDOT:PSS). All devices were assembled with
sandwich-type configuration. This research enabled the development of flexible devices with
capacitive and electrochromic features and to grasp the influence of theelectrolytes on the devices
performance.
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2. Materials and Methods

The reagents and solvents used to prepared the polymer electrolytes were lithium perchlorate(LiClO4,
Sigma-Aldrich, 99.99%), lithium chloride (LiCl, Sigma-Aldrich, 299%), poly(methylmethacrylate)
(PMMA, Sigma-Aldrich), poly(vinyl alcohol) (PVA, Sigma-Aldrich, 99+%), anhydrous polypropylene
carbonate (PC, Sigma-Aldrich, 99.7%), acetonitrile (ACN, Honeywell, 299.9%), and ultrapure water
(Millipore, specific resistivity: 18 MQ cm).
The textile SCs (TSCs) were prepared through the assembly of two cotton-based electrodes coated
with multiwalled carbon nanotubes (MWCNTSs), which were previously fabricated through the dip-pad-
dry process (Costa et al. 2020). The flexible ECSC devices were designed using two PET-ITO electrodes
spray-coated with PEDOT:PSS and assembled in sandwich-type configuration. The electrochemical
performance of the devices was evaluated by electrochemical impedance spectroscopy (EIS), cyclic
voltammetry and galvanostatic charge/discharge measurements.

3. Discussion
The textile electrodes contained 18 wt% of MWCNTSs loading and presented an average electrical
resistance of 71 Q after 8 dip-pad-dry-steps. The fabricated TSCs demonstrated an electric double-
layer charge storage mechanism, as revealed by the rectangular-shaped i-V cycles (Figure 1). The
values obtained for the equivalent series resistance at 1 kHz (RES, obtained from EIS measurements),
areal capacitance, working potential (V0), energy density and power density of the TSCs prepared with
the different electrolytes are summarized in Table 1. The gel polymer electrolyte prepared with
LiClIO4:PMMA mass ratio of 1:1.5 exhibitedthe most promissing performance, with low RES (135.44 Q),
12.06 mF cm™ capacitance at 10 mV s?, 4.96 pW h cm? energy density and 910.76 uW cm? power
density.

Electrolytes RES Capacitance V0 Energy Power

Q) (mF cm?) @(V) density density

10mvs? @0.1Ag? (HWhcm?) (pWcem?)

LiClO4 : PMMA=1:1.5 135.44 12.06 1.72 4.96 910.76
LiClO4 : PMMA=1:2 127.37 7.43 1.64 2.79 883.83
LiCIO4 : PMMA = 1 : 2 (higher volume of ACN)182.93 7.29 1.24 1.56 350.01
LiClIO4 : PMMA =1:1.3 (higher volume of ACN) 142.37 7.02 1.57 241 720.51
LiClO4 : PMMA =1 : 1.3 (higher volume of PC)287.35 6.17 1.32 1.48 250.98
LiCl/PVA 207.77 4.90 1.38 1.29 380.91

Table 1: Electrochemical performance of the as-prepared TSCs with different gelpolymers electrolytes.
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Figure 1: (A) Photograph and (B) i-V cycle at 10 mV s of the TSC containing the most promising gel polymer electrolyte.

The most promising polymer electrolyte was later used to build a flexible electrochromic
supercapacitor device, which changed color from colorless to dark blue with the application of
potentials of 1.5 V (Figure 2).
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Figure 2. ECSC prepared with the most promising gel polymer electrolyte.
4. Conclusions

EDLC-type textile SCs were successfully prepared using different gel polymer electrolytes. TheTSC
device with the best electrochemical performance was designed using the gel polymer electrolyte with
LiClO4:PMMA ratio of 1:1.5, exhibiting an energy density of 4.96 uW h cm™ ata power density of 910.76
UW cm2. Subsequently, a flexible ECSC device was successfully developed using the most promising
electrolyte, which efficiently changed color from colorless to dark blue by application of -1.5/1.5 V
potentials.
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Abstract

Parabens, environmental contaminants found at trace concentrations in drinking water,
negatively affect human and aquatic health. The impact of paraben exposure on
microorganisms and drinking water microbiological quality is often overlooked. This
study investigates the effects of paraben exposure (methylparaben, propylparaben, and
butylparaben) on biofilms formed by Acinetobacter calcoaceticus and Stenotrophomonas
maltophilia. Parabens altered biofilm culturability, with significant increases observed in
A. calcoaceticus biofilms exposed to BP and MIX, while S. maltophilia biofilms exhibited
varying responses. Parabens may compromise drinking water safety, with polypropylene
identified as a critical biofilm growth promoter.

Author Keywords. biofilms, parabens, high-density polyethylene, drinking water

1. Introduction

The presence of parabens as environmental contaminants in water sources has been reported
worldwide, even at trace concentrations in drinking water (Wei et al., 2021; Le et al., 2022). These
contaminants have been associated to negative effects on human and aquatic organisms' health
(Lincho et al., 2021). However, the impact of paraben exposure on microorganisms, including their
effects on biofilms and drinking water microbiological quality, has been largely overlooked. This study
aims to assess the effects of paraben exposure on biofilms formed by Acinetobacter calcoaceticus and
Stenotrophomonas maltophilia, isolated from drinking water.

2. Materials and Methods
Biofilms were formed on high-density polyethylene (HDPE) coupons for 7 and 26 days, both in the
presence and absence of parabens (methylparaben - MP, propylparaben - PP, butylparaben - BP, and
a triple combination of each one - MIX) at a concentration of 150 ng/L. The experimental setup and
procedures followed the methodology described by Pereira et al. (2023).

3. Discussion

Exposure to parabens had a significant impact on the culturability of the biofilm bacteria. The 26-day-
old A. calcoaceticus biofilms grown in the presence of BP and MIX at 150 ng/L showed a 3- to 4-fold
increase in the number of culturable cells compared to the control. On the other hand, 7-day-old S.
maltophilia biofilms formed on HDPE exhibited a twofold increase in culturable cells in the presence
of MP but a threefold decrease when exposed to MIX. Parabens also influenced the cellular density of
biofilms, with an overall increase observed. A double increase was verified for 7-day-old A.
calcoaceticus biofilms exposed to BP and 26-day-old A. calcoaceticus biofilms exposed to MP
compared to non-exposed biofilms. Similarly, exposure to MP, PP, and BP at 150 ng/L resulted in
increased biofilm cell density in 26-day-old S. maltophilia biofilms. However, exposure to MIX for 7
days reduced the total number of S. maltophilia biofilm cells by fourfold.

4. Conclusions

This study demonstrates that paraben exposure influences the formation and culturability of biofilms
formed by A. calcoaceticus and S. maltophilia, both commonly found in drinking water. The effects
vary depending on the specific paraben, exposure time, and bacterial species. The increased number
of biofilm cells induced by parabens raises concerns regarding the potential compromise of drinking
water microbiological quality and safety. These findings highlight the importance of considering the
effects of parabens on biofilms and microbial communities in water systems. Further research is
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needed to fully understand the ecological and public health implications of paraben exposure in the
context of drinking water.
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Abstract

The accelerated growth of urban areas has led to greater demand for natural resources,
mainly water. Conventional water treatment plants are used to treat water that is
unsuitable for consumption. However, this process generates sludge, a residue that
contains chemical elements that, if improperly disposed, can negatively affect human life
and the environment. To solve this problem, an alternative is to use the sludge generated
for civil construction applications. The objective of this research was to evaluate the
feasibility of partially replacing soil with sludge in the production of ecological bricks using
sand, earth, sludge, and cement. Test specimens were manufactured according to the
literature and evaluated using the NBR 8491:2012 and NBR 8492:2012 standards with
compressive strength and water absorption tests. Under the tested conditions, the bricks
displayed high water absorption within the limits of the norm. However, they did not
meet the required minimum compressive strengths.

Author Keywords. Water Treatment Plant, Sludge, Civil Construction.

1. Introduction

According to the Brazilian Institute of Geography and Statistics (IBGE), the population of Ponta Grossa
has grown by approximately 25% since 2010 (compared to the national growth rate of 8.9%), leading
to an increasing demand for water resources. However, the conventional water treatment process
employed by Water Treatment Stations (WTS) in Brazil produces a residue called WTP sludge, which
contains both organic and inorganic materials with high moisture content and potentially harmful
chemical elements. In light of this, several studies have explored the disposal of WTS sludge, including
its potential use in civil construction, such as its incorporation into brick manufacturing. Therefore, this
study aims to investigate the possibility of utilizing WTP sludge as a partial substitute for soil in brick
production, in accordance with the NBR 8491:2012 and 8492:2012 standards for ecological brick
production, and testing of compression and water absorption.

2. Materials and Methods
Sludge samples from the Water Treatment Station, soil with a reddish clayey appearance, and sand
(gravel from hail deposits with coarse and yellowish particles) were collected or acquired in Ponta
Grossa, Parana, Brazil. The methodology used to manufacture the ecological brick was based on the
Booklet for the Production of Soil-Cement Bricks of the Technology Foundation of the State of Acre
(FUNTAC, 1999).
To prepare the materials, the soil and sludge were dried separately at 110°C for 48 hours, while the
gravel, which had low humidity, was dried, and sieved through a 4.8 mm mesh. The mixture was made
with Portland cement (CP-II-F-32 from the Caué brand) by NBR 10833:2012. Four different mixes were
created with a composition of 10% cement, 63% sand, and 27% earth with substitutions of 4%, 9% and
18% of sludge in the soil.
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Sand, soil, silt, and cement were homogenized to prepare the mixtures. Water was then added until
ideal molding humidity was reached. The ideal humidity parameter for the mixture was verified
according to FUNTAC (1999).

The moistened mixtures were sieved manually and subsequently transferred to a manual press hopper
to shape the bricks. After the pressing stage, the bricks were cured for seven days (Figure), after which
mechanical resistance and water absorption tests were performed to evaluate their properties.

—.

Figure 1: Bricks in curing process

To be considered suitable for use, the bricks must have sharp edges, without any cracks, fractures, or
defects that could compromise the laying, strength, and durability of the masonry. To ensure
compliance with NBR 8491:2012, which specifies the requirements for soil-cement bricks used in
masonry, the compressive strength and water absorption of the bricks were tested, with values
between 1.7 MPa and 2.0 MPa, 20% and 22%, respectively. Seven bricks of each mixture were
subjected to compression tests, and three bricks of each type were used for absorption tests.

The NBR 8492:2012 standard was used for the methodology of the tests, where in the first test, the
bricks were halved and their respective faces were glued together using Portland cement paste. They
were then immersed in water for six hours, after which the brick surfaces were dried and transferred
to the testing machine. The load was gradually increased at a rate of 500 N/s until the brick failed. In
the second test, the bricks were dried at approximately 105°C until a constant mass was achieved. The
samples were then immersed in a water tank for 24 h. After this period, the brick surfaces were dried
and weighed again.

3. Results and Conclusions

This work is important for studying the feasibility of using WTS sludge in civil construction for the
production of ecological bricks.

After curing, the bricks that were not mixed with sludge displayed an average water absorption rate
of 18%, whereas those mixed with sludge exhibited a 20% absorption rate for each percentage of the
mixture. This is because of their high porosity, which may be attributed to the presence of sand in the
brick-making process. This leads to the formation of lumps, particularly in mixtures containing silt, and
affects the compressive strength results (which are obtained after immersing the bricks in water).
However, the requirements specified by the standards were met (Table 3). The decrease in the
strength of the bricks, coupled with the increase in the percentage of sludge, can be attributed to the
granules of the sludge (as depicted in Figure 2). It should be noted that adding a material with a lower
resistance compared to other components of the mixture can lead to a reduction in the strength of
the final product.

Mixture  Breaking Load (N) Compressive Strength (Mpa)

0 14031.69 0.97
1 7945.26 0.55
2 10085.84 0.70
3 6869.51 0.47

Table 7: Average values of compressive strength in each mixture

Figure 2: Visible granules of sludge
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In this study, the bricks did not meet the specifications outlined in NBR 8491:2012, indicating a need
for further research to improve their quality. Segantini and Alcantara (2020) identified several factors
that significantly affect the properties of soil-cement mixtures, including soil type, cement content,
moisture content, compaction, age, and curing period. Future studies should focus on the points
highlighted by the authors to investigate this topic further.
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Abstract

This study aimed to find an efficient coagulation/flocculation method for treating
wastewater generated from olive oil extraction industry (OOEIW), as untreated discharge
of this wastewater can lead to ecological changes in surface water. To achieve this
objective, the study utilized aluminum sulfate (Al,(SO);) and Ambifloc 59001 flocculant
to reduce the organic matter content in the effluent. The experiments were performed
using a Jar Test apparatus with a dosage range of 200 to 3000 mg L* of Al;(SO4); at pH 7,
followed by pH testing at 4.5 and 6 to identify optimal conditions. The dosage of Ambifloc
59001 was then determined using these conditions. It was concluded that the optimal
process configuration was 1500 mg L of Aly(SO4)3 and 42 mg L of Ambifloc 59001 at pH
6. The supernatant generated from this coagulation/flocculation process exhibited a
reduction in COD, TOC, and TPh levels, which suggests a reduction in the organic matter
content in the effluent.

Author Keywords. Pomace oil, characterization, discharge, coagulation, aluminum
sulfate.

1. Introduction

The olive oil industry utilizes different techniques for producing olive oil, including the two- and three-
phase continuous methods, as noted by Domingues et al. (2022). During this process, solid waste,
known as olive pomace, is generated, and a second extraction process using organic solvents is
performed to remove any remaining oil. The resulting wastewater is referred to as olive oil extraction
industry wastewater (OOEIW), which requires treatment, as highlighted by Martins et al. (2022). If
discharged without proper treatment, this effluent can cause ecological changes in surface water,
including acidification, oxygen depletion, color alteration, and decreased water transparency, as noted
by the same authors.

As stated by Khouni et al. (2020), coagulation/flocculation is a popular pre-treatment method due to
its affordability and ease of operation when compared to other pre-treatment methods. In addition,
coagulation has gained popularity as a tertiary treatment method in effluent treatment systems
because of its efficiency in removing suspended solids, organic matter, and phosphorus. The objective
of this study is to utilize aluminum sulfate (Al»(SO4);) and the flocculant Ambifloc 59001 for the
treatment of OOEIW to reduce the organic matter content present in the effluent.
2. Materials and Methods

To conduct the experiments, samples of effluent were collected from an olive pomace oil extraction
plant located in Mirandela (northeastern Portugal) on March 15, 2022. The industrial unit receives
olive pomace from two-phase olive oil extraction units, and the samples were specifically collected
from the stabilization and evaporation pond. The collected OOEIW has a pH of 4.7, with a total nitrogen
concentration of 167 mg NO®>— N L, and a total phosphorus concentration of 509 mg P L. It also has
a high Biochemical Oxygen Demand (BODs) of 6424 mg L, a Chemical Oxygen Demand (COD) of 73300
mg L, and a total phenolic compound (TPh) concentration of 3862 mg L. Additionally, a total organic
carbon (TOC) of 26600 mg L%, total carbon (TC) of 27400 mg L%, total nitrogen (TN) of 350 mg L, total
solids (TS) of 36700 mg L, and volatile solids (SV) of 22900 mg L.
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To find an appropriate primary treatment process for the effluent, the coagulation/flocculation
technique was assessed at varying dosages of aluminum sulfate Al;(SO4)s ranging from 200 to 3000 mg
L't at pH 7. The most effective concentration was then evaluated at pH 6 and 4.5 to determine the best
pH for treatment. After identifying the optimal conditions, the dosage of the flocculant Ambifloc 59001
was determined. All experiments were carried out using a coagulation/flocculation apparatus (Jar Test)
with a sample size of 300 mL. The procedure involved adding the sample, adjusting the pH, stirring at
150 rpm for 3 minutes, adding the flocculant, and stirring the solution at 20 rpm for 15 minutes. The
samples were then left to decant for 2 hours, after which aliquots were taken to measure the COD.

3. Discussion

It was determined that the optimal dosage of the coagulant was 1500 mg L7 in the first stage. Lower
dosages resulted in less than 5% removal, while higher dosages yielded only around 8% removal. Thus,
the dosage of 1500 mg L™ was the most advantageous, as it resulted in a removal of 10%. (Figure).
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Figure 1: COD removal from the OOEIW after de coagulation process with Aly(SO4); at pH 7

The coagulation process was repeated at pH levels of 4.5 and 6 in the second phase of the study, and
the results showed removal rates of 11% and 12%, respectively. Thus, pH 6 was found to be the optimal
level. The effectiveness of a flocculant was evaluated by testing different dosages and observing the
formation of a thread of coagulates being grouped in the middle. The optimal dosage was determined
to be 9 mL, and this dosage was subsequently used to investigate its impact on COD removal. The best
COD removal was achieved by adding 25 mL of the flocculant (500 mg L?). Ultimately, the most
effective coagulation/flocculation configuration was determined to be 1500 mg L of Al;(SO4)s and 42
mg L'? of Ambifloc 59001 at pH 6.
Yazdanbakhsh et al. 2015 conducted experiments to investigate the impact of increasing
Al;(SO4)3.18H,0 dosage (ranging from 1000 to 6000 mg L?) at pH 10 (adjusted before coagulant
addition) on the coagulation of OMW with high COD (58800 mg L?) and TPh (444 mg L!) concentrations
and the authors found the maximum removal of 88% of COD. However, it is important to note that the
efficiency of coagulation/flocculation can vary depending on the degree of contamination of the
effluent and its matrix. The difference in efficiency observed in this study with OOEIW may be
explained by this.
Effluent treated with coagulation/flocculation showed a 15% decrease in total nitrogen (142 mg NO3
— N L1), 55% decrease in total phosphorus (229 mg P L) and 16% decrease in COD (61700 mg L%). The
supernatant had a pH of 6, BODs of 6310 mg L-1, high concentrations of TPh (25400 mg L) and total
solids (45800 mg L?).

4. Conclusions

The coagulation/flocculation process effectively removed some contaminants from the effluent, but
total nitrogen, total phosphorus, and TPh remained high, and only 16% of the COD was removed.
Additional treatment processes are needed to fully treat the effluent, such as chemical, physical,
and/or biological methods, to meet regulatory requirements. A combination of treatment processes is
recommended for safe disposal.
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Abstract

Little is known about the impact of bacterial coaggregation in aquatic biofilms. Thus, in
this study, the effect of the presence of bacteria with this ability on drinking water species
biofilms was studied. For this, cell-free supernatant of the coaggregating strain D.
acidovorans was added to each bacterial suspension and biofilms were allowed to grow.
A generalized increase in biomass production and metabolic activity of the biofilms was
observed when in the presence of these supernatants.

Author Keywords. Bacterial fitness, cell-cell interaction, coaggregation, multispecies
biofilm.

1. Introduction

Biofilm formation is one of the main problems in drinking water distribution systems (DWDS) (Simdes
and Simd&es 2013). Biofilms commonly appear as multispecies communities and much of their
structural and functional dynamics are due to interactions between species (Rickard et al. 2003).
Coaggregation is a highly specific form of cell-cell interaction, characterized by the recognition and
adhesion of different species to each other (Rickard et al. 2003). This is already considered a key
mechanism in multispecies biofilm formation in oral environments (Rickard et al. 2003), but little is
known about its role in aquatic biofilms development (Afonso et al. 2021). In previous work, Delftia
acidovorans, isolated from potable water, was identified as a microorganism with strong
coaggregation ability (Afonso et al. 2023). To better understand the role of D. acidovorans on the
development of DW autochthonous species biofilms, cell-free supernatant (CFS) of D. acidovorans
were added to each bacterial suspension and biofilms were formed.
2. Materials and Methods

Single-species biofilms and single-species biofilms plus D. acidovorans CFS were grown for 24 h and
48 h in 96-well microtiter plates and characterized in terms of biomass production and metabolic
activity by crystal violet and resazurin staining assays, respectively.

3. Discussion

In general, there was a directly proportional relationship between time-biomass and time-metabolic
activity for both single-species biofilms and single-species biofilms in the presence of CFS. When
comparing the biomass of Citrobacter freundii and Pseudomonas putida biofilms, an increase was
observed for biofilms containing CFS at both 24 h and 48 h. Regarding metabolic activity, an increase
was observed when CFS was added to C. freundii biofilms, both at 24 h and 48 h. This increase in
metabolic activity of the 24 h biofilms was almost 5 times higher than the single-species biofilm without
CFS, for the same sampling time. There was also an increase in the metabolic activity of P. putida
biofilms, but not as pronounced.
4. Conclusions

These results suggest the production of extracellular metabolites by D. acidovorans that favor the
development of biofilms by other DW bacterial species. Furthermore, it provides new insights into the
coaggregation mechanism and its impact on DW consortium. That said, understanding coaggregation
and identifying other coaggregating strains becomes important given the observations made in this
study.
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1. Introduction
Alternatives to conventional antibiotics are required due to the emergence and growth of
antimicrobial resistance (O’Neill 2016). Nucleic acid mimics (NAMs), which can hybridize and thereby
prevent the expression of essential bacterial genes in the cytosol, may become such an alternative.
The internalization of NAMs and, consequently, their inhibitory potential are severely hampered by
the multi-layered bacterial envelopes (Santos et al. 2018). The potential of dendritic lipids (DLs) to
transport nucleic acids has been reported; however, most studies to date have focused solely on
mammalian cells (Chen et al. 2022). Herein, we evaluate the potential of two DLs (Yu et al. 2012;
Dhumal et al. 2021) as bacterial envelope permeabilizers, potentiating their use as delivery systems of
NAMs into bacteria.

2. Materials and Methods
For this study, a flow cytometry-based protocol was developed to quantify the membrane damage
caused by an antimicrobial agent, using propidium iodide (Pl), a membrane impermeant dye. After
using a full factorial design of experiments to optimise this protocol, the impact of both DLs was
assessed in E. coli and compared to the effects of polymyxin (Poly), a membrane-disruptive antibiotic,
and of a previous ethanol permeabilization (EtOH).
Additionally, the internalization of LNA- and PNA-based Cy3-labelled NAMs, targeting the essential
acpP gene in E. coli, was evaluated when complexed with each of the DLs, by flow cytometry and
epifluorescence microscopy. These results were compared with those of free NAMs as well as of a
PNA-based peptide-oligo conjugate (POC), known to successfully reach the cytosol (Santos et al. 2018).

3. Discussion
Regarding permeabilization, both DLs led to significant Pl-staining of E. coli cells, with the DL with
surface tertiary amines (8TA) leading to higher permeabilization (= 82%) than that with primary amines
(8A) at its surface (= 45%).
Regarding the delivery of NAMs into the bacterial cytosol, both DLs led to significant NAM
internalization (particularly for LNA-based NAMs), with 8A being more successful (= 90%) than 8TA (=
50%). The obtained micrographs, which depict cells with a purple-to-pinkish stain brought on by the
overlap of Cy3 and DAPI fluorescence, provided additional proof of these findings.

4. Conclusions

Both DLs exhibited promising results, leading to a high percentage of permeabilization. When
combined with LNA-based NAMs, both DLs led to significant NAM internalization, highlighting their
potential as delivery vectors.
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Abstract

Aptamers are structurally-defined single-stranded DNA or RNA molecules with ability to
bind to a specific target with high affinity and specificity. In this study, an innovative de
novo systematic evolution of ligands by exponential enrichment (SELEX) methodology for
the selection of DNA aptamers against staphylococcal enterotoxin A (SEA) as well as an
in silico workflow for the prediction of the aptamer-target binding model and the effect
of post-SELEX modifications with nucleic acid mimics (NAMs) was developed. A DNA
aptamer identified by de novo SELEX showed a dissociation constant (Kp) of 13.4 + 18.6
nM. In silico evaluation of the interaction model allowed the identification of 3 potential
improved locked nucleic acids (LNA) versions. The post-SELEX modifications decreased
the Kp of the original aptamer, but it remained comparable to that of other aptamers
described for SEA. However, NAMs allowed to increase the thermal stability of the DNA
aptamer. Post-SELEX modifications with NAMs, based on a tailored in silico-assisted
approach, might be a promising tool to improve DNA aptamers’ properties, mainly for in
vivo purposes.

Author Keywords. Aptamers, nucleic acid mimics, locked nucleic acid, in silico modelling,
post-SELEX modifications.

1. Introduction

Aptamers are single-stranded nucleic acids with a defined three-dimensional structure that confers
them binding characteristics to a target molecule. They are generated using a repetitive in vitro
approach known as Systematic Evolution of Ligands by Exponential Enrichment (SELEX) (Stoltenburg,
Reinemann, and Strehlitz 2007). Aptamers are seen as a versatile solution as diagnostic elements,
drugs and drug delivery systems (Keefe, Pai, and Ellington 2010). However, their application in some
areas, mainly in vivo applications, has so far been hampered by aptamers poor biostability (Gold et al.
2012). To overcome this limitations, post-SELEX modifications with nucleic acids mimics (NAMs), such
as locked nucleic acids (LNA), are being used to improve the aptamer’s properties (Oliveira, Pinho,
Sousa, DeStefano, et al. 2022). Post-SELEX modifications are usually based on trial-and-error
approaches that often affect the original aptamer-target interaction. In silico approaches have been
proposed to assist post-SELEX approaches, saving experimental time in the conventional approaches
(Cai et al. 2018). This study summarizes a set of works that encompasses the selection of DNA aptamers
for the staphylococcal enterotoxin A (SEA), one of the most reported bacterial toxins in food poisoning
outbreaks, through an innovative de novo SELEX methodology and the development of an in silico
workflow for the prediction of the three-dimensional structure of aptamers and consequently
application of LNA modifications in a previously selected DNA aptamer.

2. Materials and Methods
In vitro selection of DNA aptamers

A random ssDNA library was incubated with of SEA-coated magnetic beads in binding buffer (BB) at
room temperature for 30 min. Binding complexes were collected by magnetic separation, the beads
washed, and the bound sequences were eluted by incubating at 95 °C for 10 min. The beads were
magnetically separated, and the eluted pool of ssDNA eluted were subject to PCR amplification with
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1x Supreme NZYTaq Il 2x Colourless Master Mix, 0.5 uM forward primer, 0.5 uM phosphorylated-
reverse primer. To recover the ssDNA pool for subsequent selection rounds, dsDNA was then
converted in ssDNA with Lambda Exonuclease. Subsequent selection rounds were performed with
decreasing incubation time, increasing the number of washing cycles and adding competitors. To
eliminate non-specific binding, negative selections were also performed. In total, ten SELEX rounds
were performed.

The in silico analysis of aptamers’ structures was based on the strategy assembled by our group and
described in (Oliveira, Pinho, Sousa, Dias, et al. 2022).

Determination of the dissociation constants (Kp), nuclease and thermal stability

The Kp values of the DNA and LNA aptamers for SEA were determined by a non-linear regression based
on binding assays with increasing concentrations of each aptamer (1-400 nM) and a constant amount
of SEA-coated magnetic beads. To evaluate the effect of temperature on aptamers binding affinity, a
single concentration of each aptamer (125 nM) was incubated with a constant amount of SEA-coated
beads under the same conditions as for the Kp assays but (1) at 4 °C and (2) at 37 °C. The effect of the
insertion of LNA on aptamer’s resistance to nuclease degradation was also evaluated. For this, a single
concentration of each aptamer (10 nM) was incubated with a DNA endonuclease (DNAse |) and a
ssDNA exonuclease (Exonuclease VII), and samples were taken over time (5, 10, 20, 30 and 60 minutes).
The concentration of aptamer in each assay/condition was determined by qPCR quantification using
standard curves.

3. Discussion

The SELEX methodology developed allowed the identification of a DNA aptamer (Apt5) with a Kp =
13.4+18.6 nM, a value in the same range as other aptamers described for SEA (Wang et al. 2016;
Huang et al. 2014). The assembled in silico workflow allowed the prediction of the three-dimensional
structure of the DNA aptamer and based on this, the insertion of various LNAs into its sequences was
tested. Three promising LNA versions (LNA13, 14 and 15) were selected based on the in silico scores
and potential enhancing effect on aptamer’s properties. The experimental Kp for the LNA13 was
156.7 £ 39.2 nM, for the LNA14 was 73.7 £ 23.8 nM and for the LNA15 was 142.7 + 28.0 nM. The Kp of
Apt5 was better than the LNA variations. Therefore, the post-SELEX modifications negatively affected
the aptamer affinity. Still, the values are in the nM range, comparable to the other aptamers for SEA.
Thermal assays reveal that the original Apt5 is negatively affected by increasing temperature (37 °C).
Similarly, the LNA13 and LNA15 versions also showed a reduction in affinity at 37 °C compared to the
RT assay, although not as much as the reduction seen for the original DNA aptamer. However, a
positive effect was observed regarding LNA14. The nuclease assays demonstrate that DNA aptamers
as well as LNA variation were rapidly degraded in the presence of endonucleases and exonucleases.
The proposed insertion of LNAs were not sufficient to counteract the enzymatic degradation of nucleic
acids. Other types of modifications and/or higher number of LNA could be introduced to increase
stability to nuclease degradation.

4. Conclusions

In summary, we have successfully demonstrated the selection of DNA aptamers for SEA using an
innovative de novo SELEX methodology. The identified DNA aptamers show a good affinity for SEA
diagnostic applications, such as for the development of aptamer-based biosensors. However, for in
vivo applications where the incubation temperature (i.e., is typically higher than RT) and enzymatic
degradation of natural nucleic acids is a challenge, overcoming these limitations with NAMs is crucial.
Post-SELEX modifications together with in silico predictions have been shown to be a powerful tool to
assist post-SELEX approaches to improve the aptamers’ properties, such as thermal stability, while
maintaining a good binding affinity for the target molecule. NAMs may also be an option to increase
resistance to enzymatic degradation, however, the strategy/number of modifications introduced were
not sufficient to increase resistance to nucleases. Still, this study proves the potentiality of selecting
functional NAM aptamers with both in vitro and in vivo applications.
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Abstract

An elementary configuration of a unit-cell of a mesostructured photocatalytic reactor for
green-ammonia production was designed and optimized through computational fluid
dynamic (CFD) simulations. A parametric study assessed the best geometry of the cell,
based on vorticity and velocity profiles, which ensured higher mixing rates inside the
reactor. Mass transfer studies were carried out to evaluate the mass transfer limits in the
cell that favor ammonia diffusion and maximize the efficiency of the photocatalytic
reaction.

Author Keywords Mesostructured Reactor, Photocatalysis, CFD, Ammonia Production.

1. Introduction
Micro and mesostructured reactors have been under popular research in chemical engineering, due to
their potential on enhancing mixing and reaction rates and easy scalability. This type of reactor shows
high surface-to-volume ratio, allowing for safer operation and more precise control of reaction
variables (Barbosa et al. 2023).
Aside from efficient catalysts and adequate light sources, photocatalytic reactions are much
conditioned by the fluid dynamics and the dimensions and geometry of the photoreactor. Small
characteristic lengths, which are typical of mesostructured reactors, enable more uniform light and
flow distribution (usually in the laminar regime), mitigating the impact of possible stagnant or non-
irradiated zones on the reaction efficiency. Light attenuation effect when scaling up the photoreactor
must also be kept in consideration (Kayahan et al. 2020). The scale-up from laboratory scale to pilot
and industrial devices is usually performed, not through a dimension increase, but by numbering-up
the unit elements of the mesostructured network, which keeps constant the surface/volume ratio and
does not affect the high characteristic mass and heat transfer performance of these reactors. The static
mixer micro/meso-structured reactor NETmix, developed by Laranjeira et al. (2011) has proven to be
of success when handling heterogeneous photocatalytic reactions. This reactor’s unique inner
geometry enables fast and efficient fluid mixing, even under laminar regimes, and contributes to high
mass and photon transfer rates.
Apart from integrating flow field dynamics, photocatalytic systems must account for mass transport,
reaction kinetics and photon flux distribution, all increasing the complexity of these models.
Computational fluid dynamics (CFD) tools arise as an effective numerical approach to the problem,
that accounts for the interaction of all these phenomena, and an interesting design strategy to predict
and optimize fluid behavior inside the photoreactor. This work reports a CFD study on the design of a
structured and immobilized photoreactor with direct application in green-ammonia synthesis, a field
in recent advancement, as the search for a more sustainable and low-carbon alternative to Haber-
Bosch industrial-scale process is widened.

2. Materials and Methods
Unit-Cell Geometry

The base case geometry of the DeanCell, the structured reactor’s unit-cell, was designed to promote
secondary flow in the form of dean vortices and enhance fluid mixing inside the reactor. This prismatic
geometry, schematized in Figure 1, shows an inlet channel and a main body, on which the
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immobilization of the catalyst will occur. The main inlet channel was fixed, presenting characteristic
meso dimensions of 1x1 mm? (d and w) of cross-sectional area and 3 mm of length (/in), enough to
promote a developed flow at the entrance.

Figurel: Base case geometry of the unit-cell of the mesostructured reactor.
To assess the geometry and the dimensions of the best unitary element configuration, a parametric
study was developed, using ANSYS Fluent R 2022. Simulations were held in laminar flow regime and at
a Reynolds number (Re) of 100, using the Coupled scheme method for pressure-velocity coupling.
Water was set as the working fluid and the following default physical properties were retained: p, the
mass density, equal to 998.2 kg:m3, and v, the kinematic viscosity, as 1 x10°® m%s™,
The dimensions of the main channel (D, W and L) were under analysis, and vorticity maps were traced
in order to optimize these parameters. Vorticity profiles along the length of the cell show that the step
drawn on the structure causes an increase in this variable, enhancing mixing in this cell region, and
that the vorticity proved to be greater for channel heights equal or above 2mm. The case promoting
better vorticity was a cell with 10mm of length, L, D of 2mm and W of 0.5mm, which was kept for all
forward simulations as the optimum base geometry.
Mass Transfer Study
Mass transfer from the catalytic plate to the bulk of the cell is evaluated through steady state
simulations, for different Re. To assess mass transfer limits, a case of infinite kinetic reaction rate was
modelled: considering that the catalyst is immobilized in the surface of two walls in the main channel,
the maximum mass fraction of NHs in water, at the operating conditions of 1 atm and 20 °C, was set
as the boundary condition in these walls.
Different catalytic immobilization configurations are studied, and the efficiency of the NHj; diffusion
from the catalyst surface to the fluid phase is monitored through a contour of the ammonia
concentration at the outlet face. Figure 2 shows a side-view of the unit-cell, corresponding to the case
of immobilization of catalyst in the interior and exterior walls. Figure 3 gives an illustration of the
vortices formed on a surface of the main channel, through a velocity streamline done in CFD-Post.
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Figure 2 Contour of NHs mass fraction in the interior
and exterior walls.

Figure 3 Velocity surface streamline in the main
channel.

Considering a well-mixed solution, AC, the molar concentration gradient between the catalyst and the
bulk of the reactor is the difference between the concentration in the catalytic plate, C¢p, and the
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monitored concentration value at the outlet face, C,,;. Equation 1 can be written, where N is the
molar flux and k is the mass transfer coefficient.

N=k  -AC=k - (Ccp — Cour) (1)

The extent of mass transfer in the cell was further defined by calculating Sherwood numbers (Sh),
through the following Equation 2, in which [, is the catalytic plate length and D is the diffusivity of
NH3s in water, estimated in 2.32x10° m?%s™.

klep
Sh = 2
5 (2)

3. Conclusions
Based on the simulations performed, the designed cell appears to be effective for use as an elementary
cell of a mesostructured photocatalytic reactor. Mass transfer studies show ammonia diffusion
through the reactor, which, according to NH; mass fraction reports at the outlet face, is only slightly
dependent on the localization of the catalytic material. Further studies will assess the mass transfer
limiting rates that guarantee the system’s operation under chemical regime.
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Abstract

Agriculture and food processing have increased as a result of the expansion in the global
population. Some of the primary fruits grown in Europe are chestnut, grape,
pomegranate, and avocado; they are heavily employed in food processing to produce
more appetizing dishes and beverages. This procedure produces significant byproducts,
whose improper handling and disposal cause environmental and social issues.
Nevertheless, these by-products are rich in bioactive compounds, such as phenolic
compounds and fatty acids, which can be extracted and incorporated into foods to
develop fortified foods. These extracts have enormous relevance for the food,
pharmaceutical, and cosmetic industries. Thereby, allying the development of the food
industry with the concept of circular economy and sustainability, the challenge of using
extracts obtained from agro-industrial by-products arises to develop value-added and
more natural foods, with less environmental impact.

Author Keywords. Phenolic compounds, antioxidants, sustainability, food fortification,
circular economy

1. Introduction

Over the past years, consumers have grown interested in natural and functional foods, which created
an increase in the demand for new valuable food, as well as the reformulation of others with new or
improved functionalities (Gruskiene et al. 2021). Functional foods are defined as those that go beyond
simple nutritional requirements to provide particular physiologically beneficial effects and/or lower
the risk of chronic illness (Granato et al. 2022). Therefore, the food industry has been focusing on the
development of foods with “nature-based” ingredients, not only to increase their nutritional value and
functional properties but also to increase the shelf-life of the products.

United Nations is focused on the reduction of food waste and by-product production since its incorrect
disposal and treatment are responsible for a large number of environmental problems. Therefore, a
strategy to overcome these adverse effects is to extract bioactive compounds, in which these matrixes
are rich, such as antioxidants and vitamins, and incorporate them into foods. Phenolic compounds are
secondary metabolites of plants, that have a wide range of biological features that make them
particularly desirable to many industries, such as food, cosmetics and pharmaceutical (Rodriguez-
Lopez et al. 2020). Studies have shown these compounds to have antimicrobial, antiviral, anti-allergic,
and anti-cancer activities, but their antioxidant capacity stands out the most. They can act as natural
antioxidants due to their ability to reduce oxidative stress (Ferreira and Santos 2022a).

Milk and dairy products, including cheese, yoghurt, and mayonnaise, contain large amounts of fats and
oils, mostly healthy. However, these are prone to deterioration due to the oxidation of unsaturated
fats, which degrades the food's physicochemical and sensory properties (Bruno et al. 2021).
Additionally, these foods are poor in bioactive compounds, hence the interest in incorporating
phenolic compounds, to allow the fortification of dairy products. Hence, phenolic compounds can be
incorporated into different foods, in order to create value-added products, beneficial to human health,
and simultaneously replace the use of synthetic preservatives, such as antioxidants.

Therefore, the present work intends to display how extracts from different by-products can be
incorporated into different food matrices, to create functional foods, with extended shelf-life, while
promoting sustainability and a circular economy.

2. Materials and Methods
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The extracts were obtained through solid-liquid extraction, and they were characterized regarding
their antioxidant properties, through the assay with the radical DPPH and ABTS, and total phenolic
content. After the incorporation of the extracts into different food matrices, the stability of the
products over time was assessed.

3. Discussion

The incorporation of avocado peel phenolic-rich extracts into mayonnaise revealed that the stability
of the food was not compromised. The evaluation of the extract revealed its antibacterial and
antioxidant capabilities and provided evidence that its addition to mayonnaise might potentially
improve its nutritional value for customers. Indeed, the obtained results demonstrated that the
incorporation of the extract reduces the oxidation extension compared to the negative control, and
displayed similar results to the positive controls in the study, BHT and ascorbic acid. The achieved
results indicate that the extract was able to decrease the lipid oxidation of the mayonnaise over time
(Ferreira and Santos 2022b). Therefore, the present study shows that it is possible to fortify
mayonnaise with the incorporation of avocado peel extract, while preventing lipid oxidation, with a
similar performance to synthetic preservatives.

In another assay, a comparison of the effects of adding extracts from different agro-industrial by-
products (chestnut shell, grapeseed, and pomegranate peel) into yoghurts was performed, as well as
an evaluation of their potential to substitute artificial preservatives (Ferreira and Santos 2023). The
physical and chemical stability of the yoghurts was unaffected by the addition of the different extracts,
throughout the storage period. All yoghurt samples met the regulatory standards for microbiological
safety and were able to stop the development of S. aureus and E. coli. The best outcomes were shown
in yoghurts enhanced with grapeseed and pomegranate peel extract. Regarding the oxidative study,
the results showed that increasing the amount of extract added to the yoghurt, allowed similar results
to those obtained for the synthetic antioxidant, sorbic acid.

The effect of the incorporation of phenolic chestnut shell extract into fresh cheese was assessed. The
results showed that the fortified cheese was shown to have favourable synergistic and water-holding
properties. Along with containing phenolic components and the ability to inhibit the DPPH and ABTS
radicals, it also demonstrated antioxidant capacity. As a result, adding chestnut shell extract increased
the fresh cheese's shelf life. The obtained results appear to emphasize the potential for adding
agricultural by-product extracts to fresh cheese, minimizing agricultural industry waste while
producing a value-added good with enhanced and intriguing qualities for consumers.

4. Conclusions

Therefore, the present work highlights the potential of the incorporation of phenolic-rich extracts,
from different agro-industrial by-products, into different dairy products and mayonnaise to develop
functional and value-added foods. Additionally, the results brought to attention the possibility of these
extracts replacing or reducing the quantities of synthetic preservatives. In future work, the comparison
of the outcomes with the addition of microencapsulated extracts would be interesting.
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Abstract

The treatment of olive pomace oil extraction industry wastewater is a problem that still
does not have an effective solution. The current study aimed to investigate the impact of
hydrogen peroxide and iron ion concentrations, as well as the pH level, on effluent
treatment. The findings will enable proposing an effective treatment method for the
effluent. The Fenton process demonstrated high performance in removing COD (>41%)
with good removal of phenolic compound at a ph of 3.5 be achieved (>84%) from the
evaluated effluents.

Author Keywords. Wastewater treatment, Fenton, effluent, COD, Phenolic compounds.

1. Introduction
The olive oil industry is an important sector in Europe. The pomace result by the olive oil two or three-
phase separation processes can be processed to extract oil, but this still leads to the generation of a
highly polluted effluent known as olive oil extraction industry wastewater (OOEIW), creating a new
environmental concern (Domingues et al. 2021).
Advanced oxidation processes (AOPs) are recognized for their ability to mineralize various organic
compounds in different effluents (Domingues et al. 2021). Among AOPs, Fenton is an AOP involving
H.0 and iron source and these are accountable for activating peroxide under acidic conditions without
requiring any energy input, and the reaction takes place at room temperature and pressure
(Domingues et al. 2021).
The main objective of the present study was to study the removal of organic matter and phenolic
compounds by applying the Fenton process in the treatment of wastewater from the olive pomace oil
extraction industry.

2. Materials and Methods
To perform the Fenton processes the OOEIW was pre-treat by coagulation/flocculation. In this study,
Fenton tests were conducted using 100 ml of OOEIW after the pre-treatment in the Jartest apparatus.
Following the addition of H,0,, pH correction and addition of iron in that order, each test was
continuously stirred at 80 rpm for 20 minutes. To stop the Fenton reaction at the end of the established
reaction time, the pH was raised to 10. The tests were then left to settle overnight, and COD and TPh
in the supernatant was subsequently determined.

3. Discussion

Understanding the levels of iron and hydrogen peroxide is crucial in the Fenton reaction. These factors
largely influence how effectively the process can degrade organic matter and its associated expenses.
Iron concentration

To ensure the efficient formation of hydroxyl radicals without excessive formation of iron sludge, it is
crucial to optimize the iron load. Therefore, a study was conducted to examine the effect of the initial
iron concentration on the formation of hydroxyl radicals. The study involved conducting experiments
with varying iron concentrations ranging from (0.55 to 7.3 g L™") while maintaining a constant
concentration of H,0> (5 g L™") and a pH of 3. The findings of the study, which are likely presented in
Figure 1, could provide insights into the optimal iron concentration required for the formation of
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hydroxyl radicals, which could have significant implications in various fields, including environmental
remediation, chemical synthesis, and wastewater treatment.
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Figure 1. Effect of concentration on COD and total-phenol removal efficiencies during Fenton processes.

After analyzing various curves, it was observed that the highest removal values were achieved at pH
2.5 with 30% COD removal and 84% phenol removal. However, at pH 3, the removal percentages were
about 37% for COD and 84% for phenol, while at pH 3.5, the values were 41% for COD and 83% for
phenol. Thus, it can be concluded that pH changes do not have a significant impact on removal
efficiency. According to a study conducted by Domingues et al. (2021), the concentration of iron ions
affects the efficiency of COD and total-phenol removal during Fenton processes. At an iron
concentration of 2.5 g L™, the highest COD removal was approximately 40% and phenolic removal was
84%. Generally, increasing the Fe?* concentration leads to better degradation efficiency of organic
pollutants up to a certain limit. However, excessive iron not only results in a loss of iron species but
also increases operational costs.

Peroxide concentration

Determining the optimal dosage of hydrogen peroxide is a crucial factor in achieving high efficiency in
Fenton processes for degrading pollutants. Excess residual hydrogen peroxide can contribute to COD,
so it is important to avoid using excessive amounts. To determine the optimal dosage of H,0,, studies
were conducted at constant FeSO4-7H,0 dosage and pH values, with varying amounts of H,O; ranging
from 1.5 g L™ to 20 g L™. The results of these are demonstrate in Figure 2.
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Figure 2. Effect of H,0, concentration on COD and total-phenol removal efficiencies during Fenton processes.

In this study, the highest removal values for COD and phenol were achieved at different pH values,
with the best results obtained at pH 2.5 (16% COD removal, 82% phenol removal), pH 3 (10% COD
removal, 79% phenol removal), and pH 3.5 (17% COD removal, 83% phenol removal). The phenolic
curves displayed similar behavior across the three pH levels, indicating that pH had little effect on
phenol removal but had a slight impact on COD removal.

In a study conducted by Domingues et al. (2021), the impact of hydrogen peroxide concentration on
COD and total-phenol removal efficiencies during Fenton and Fenton-like processes was investigated.
Results showed that both processes were effective in removing COD and phenol, with the Fenton-like
process achieving higher removal percentages than the Fenton process at pH 3 (88% COD removal,
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91% phenol removal). In Figure 2, it was observed that increasing the concentration of hydrogen
peroxide led to greater COD removal without any scavenging effect, indicating that excessive hydrogen
peroxide charge may not necessarily lead to destruction of the organic charge.
During the determination process, pH was adjusted between 2.5 and 3.5, and the maximum COD
efficiency was obtained at pH 2.5 while the maximum phenol removal was obtained at pH 3.5.

4. Conclusions

The study examined how adding varying amounts of hydrogen peroxide and iron ions to model
solutions affected the removal of phenol and COD using the Fenton reagent for chemical oxidation.
The results showed that increasing the concentration of H,0; led to higher removal rates for phenol
and COD.
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Abstract

Green hydrogen production by proton exchange membrane (PEM) electrolysis is of great
importance in the current energy transition scenario. However, for practical
implementation, anode catalysts must be improved towards providing high activity and
stability with low iridium content. This work aims to develop a new catalyst with ca. 22
wt.% of Iridium (Ir) supported on metal oxide (MO). The results obtained demonstrate
that the new supported catalyst displays excellent activity towards oxygen evolution
reaction (OER) and enhanced stability.

Author Keywords. Water electrolysis, oxygen evolution reaction, Iridium oxide, tungsten
trioxide, activity, stability.

1. Introduction

Proton exchange membrane (PEM) electrolysis is considered a promising route to produce high-purity
green hydrogen. However, the widespread commercialization of this technology is limited by the lack
of low-cost, active and stable catalysts for the anode side, where the oxygen evolution reaction (OER)
takes place [1]. Despite iridium (Ir) oxide being the state-of-the-art catalyst for conducting the OER, its
scarcity and high cost boosted the need to significantly reduce its loading. High-valence Ir>* and Ir®* are
incredible OER active centres but display lower stability than Ir3* and Ir** [2]. Hence, an interesting
strategy is to disperse Ir particles on supports that can accommodate and stabilise high-valence Ir sites,
leading also to smaller average particle size and subsequently higher OER mass-specific activity [3]. In
this matter, metal oxides appear as noteworthy electrocatalyst support candidate due to its highly
oxidised matrix and excellent stability under an acidic environment, allowing essential structural
requirements (activity and stability) to be achieved with lower amounts of Ir [4]. Therefore, this work
reports the performance of a low Ir mass loading catalyst (ca. 22 wt.% of Ir) supported on a metal oxide
(Ir/MO).
2. Materials and Methods

The catalyst was prepared via the polyol method in alkaline media. The synthesis setup consisted of a
three-neck round bottom flask placed in a heating plate and connected to a reflux condenser and a
thermometer. The synthesis procedure is as follows: NaOH pellets (Sigma Aldrich) were dissolved in
ethylene glycol (VWR) to form the reducing medium; after complete dissolution, MO was added to the
solution under moderate stirring; then, iridium salt precursor — IrCls:xH,O (Sigma Aldrich) was
introduced to the mixture. The obtained slurry was heated under reflux and kept at ca. 180 °C for 3 h.
After the synthesis, 1 M HNOjs solution was added drop-wise to adjust the pH until 1-2. A filtration step
was used to recover the catalyst nanoparticles, which were then washed with ultrapure water (18.2
MQ cm, Millipore) and dried under air in a static furnace (80 °C for 5 h).

The catalyst was assessed towards OER in a Zahner IM6-ex using a three-electrode cell configuration
(Gamry Instruments) with a rotating disk electrode (RDE710, Gamry Instruments, gold tip, 0.196 cm?)
as working electrode. A saturated Ag/AgCl and a graphite rod were used as reference and counter
electrodes, respectively. Electrochemical characterisation included cyclic voltammetry (CV), linear
sweep voltammetry (LSV) and electrochemical impedance spectroscopy (EIS). To evaluate the catalyst
regarding OER stability, an accelerated stress test (AST) was also performed. IrO; from Premetek was
used as a benchmark catalyst.

3. Discussion
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According to Figurea), the prepared Ir/MO displays a significantly higher OER activity than the
commercial IrO; (158.5 vs 5.3 mA-mg;* @ 1.51 Vgye). In addition, Ir/MO presents an earlier onset at
ca. 1.48 Vrue, Whereas IrO; onset potential is at ca. 1.60 Vrue. This indicates that OER kinetics are clearly
favoured in the supported catalyst since a much lower overpotential is required to overcome the
reaction activation energy barrier.

The recorded cyclic voltammograms (Figureb)) show that forward and backward scans for Ir/MO are
separated by a considerable gap in current density, and both display pronounced and well-shaped
redox peaks. For the commercial IrO, catalyst, the redox transitions are almost negligible and the
recorded current density is also much lower.
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Figure 13: a) Linear sweep voltammograms (LSVs) and b) Cyclic voltammograms (CVs)
recorded for the commercial IrO; and the prepared Ir/MO.

Regarding the stability (Table 3), commercial IrO; catalyst presents the worst performance, losing ca.
46 % of OER activity. On the other hand, the prepared Ir/MO maintains a remarkable performance
after the accelerated stress test (AST), demonstrating almost no loss in OER activity. Accordingly, there
should be a strong interaction between Ir active sites and the MO structure, preventing Ir migration
from the support and thus improving its stability.

AST IrO2 Premetek Ir/MO
OER activity before AST (mA-mgir!) 5.3 158.5
2.3 157.9
- L
OER activity after AST (mA-mgil) (- 46 %) (- 0.4 %)

Table 8: OER activities before and after AST recorded for the commercial IrO, and the
prepared Ir/MO.

4. Conclusions

A catalyst consisting of ca. 22 wt.% of Ir dispersed in MO was prepared using the polyol synthesis
method. The as-prepared catalyst not only displayed higher OER activity (158.5 mA-mg;!) but also an
tremendously improved durability compared with the commercial benchmark IrO; catalyst. As so, the
proposed catalyst has the potential to be incorporated into the anode of PEM electrolysers. Further
studies include the production and testing of membrane electrode assemblies (MEAs) in a single-cell
eletrolyser to validate the new catalyst performance under real conditions. A patent is now being filled
disclosing this new supported catalyst.
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Abstract

The present study aimed to compare the aromatic profile of natural cocoa powder (NCP)
with cocoa bean shells (CS), a cocoa industry residue. Headspace solid-phase
microextraction (HS-SPME) and gas chromatography coupled to mass spectrometry(GC-
MS) were used, and results were expressed regarding relative composition. Thearomatic
fractions of CS and NCP were composed of acids, alcohols, aldehydes, pyrazines, terpenes,
and ketones. The predominant class in CS was acids (39.6 + 0.5%), whereas, in NCP, this class
represented 22 + 1% of the volatile fraction. The predominant class in NCP was pyrazines
and pyrrole (27 £ 1%), while this class in theCS was only 2.5 + 0.2%. However, CShad ahigher
percentage of aldehydes (26.5 + 0.3%) than NCP (13 + 1%). Despite the punctuated
differences, the aroma of CS resemblesthat of NCP, which can generate application
opportunities to add value to this residue.

Author Keywords. volatile fraction, flavor, headspace.

1. Introduction
Cocoa bean shell (CS) is a coproduct of the cocoa industry treated as waste and commonly used as fuel
for boilers, agricultural compost, or animal feed. However, this material is of great nutritional interest
due to its dietary fiber content of approximately 50%, in addition to proteins, lipids, and bioactive
compounds. It can be studied for application in the food, pharmaceuticals, cosmetics, or agricultural
industries, which characterizes a significant economic interest in its valorization (Balentic et al., 2018).
Several studies are being developed on enhancing CS through application in food matrices, such as
chocolates (Barisic et al., 2021) and cookies (Soares et al., 2023). However, knowledge of the aromatic
characteristics of CS compared to the characteristics of commercial coproducts, such as natural cocoa
powder (NCP), is essential to help determine the applicability of this underused material in human
food. Therefore, the present study aimed to identify the volatile compounds responsible for the
aromatic profile of CS and NCP and to compare both materials.
2. Materials and Methods

The volatile compounds were extracted by headspace solid phase microextraction (HS-SPME) (Kessler
et al.,, 2022) and identified by chromatography coupled to mass spectrometry (GC-MS) (Barbosa-
Pereira et al., 2019). For this, about 1 g of sample in a 20 mL sealed headspace vial was incubated at
60 = 1 °C for 20 minutes for stabilization. Then, the SPME fiber was exposed to the headspace for
57 minutes at the same temperature. The chromatography's injector and interface temperatures were
maintained at 250 and 270 °C, respectively. An oven program ranging from 32 to 240 °C was used. The
identification of the compounds was carried out through the database of the National Institute of
Standards and Technology (NIST 21, 27, 107, 147).

3. Discussion
The volatile compounds identified in the volatile fractions of CS and NCP are presented in Table 1, in
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terms of their relative composition.

Volatile compound

Relative composition (%)

CS NCP
Acids
Acetic acid 37.2+03a 21+1b
3-methyl-butanoic acid 24+0.2a 1.21+0.01b
Alcohols
2,3-butanediol 11.2+0.8a 6.8+0.2b
1,3-butanediol 44+0.1a 2.57+0.07b
3-furanmethanol n.d. 4.1+0.2
Phenylethyl Alcohol 2.90+0.01a 25+0.2a
Aldehydes
2-methyl-butanal n.d. 0.21+0.01
Furfural 13.7+0.1 n.d.
Benzaldehyde 33+0.1b 6.7+0.8a
Benzeneacetaldehyde 3.21+0.06a 1.0+0.1b
Nonanal 5.79+0.01a 45+0.1b
Decanal 0.47+0.04a 0.59+0.06 a
Terpenes
a-pinene 0.80+0.05b 1.2+0.1a
Camphene 0.31+0.02b 0.53+0.01a
B-myrcene 0.99+0.03b 1.55+0.06 a
3-Carene 0.45+0.03b 0.71+0.06 a
D-Limonene 43+03b 8+2a
Linalool oxide 0.24+0.01 n.d.
Pyrazines and pyrrole
Pyrrole n.d. 3.9+0.3
Methyl-pyrazine 0.34+0.01b 9.0+0.3a
2,5-dimethyl-pyrazine n.d. 5.1+0.2
Ethyl- pyrazine n.d. 0.57+£0.05
2,3-dimethyl-pyrazine n.d. 0.16 £0.01
2-ethyl-5-methyl-pyrazine n.d. 1.3+0.1
2-ethyl-3-methyl-pyrazine n.d. 1.36£0.01
2,3-dimethyl-5-ethyl-pyrazine 0.35+0.01b 29+0.2a
Tetramethyl-pyrazine 1.8+0.2b 26+0.1a
Ketones
2-butanone 0.94+0.01 n.d.
Acetophenone 0.39+0.03 n.d.
2-nonanone n.d. 0.53+0.01
Others 44+0.2b 8.4+0.8a

n.d. = not detected; means followed by equal lowercase letters on the same row do not differ fromeach other at the 95%
confidence level by the Duncan Test (Duncan, 1955).
Table 1: Relative composition of the volatile fraction of cocoa bean shells (CS) and naturalcocoa powder (NCP).

The aromatic fractions of CS and NCP were composed of acids, alcohols, aldehydes, pyrazines,
terpenes, and ketones. Comparing the CS to the NCP, it was noted that the main difference occurs in
the pyrazines group. In addition, regarding the pyrazines in cocoa powder, only three were identified
in the CS (methyl-pyrazine, 2,3-dimethyl-5-ethyl-pyrazine, and tetramethyl-pyrazine). Pyrazines are
the main components of cocoa aroma, especially tetramethyl-pyrazine, responsible for the flavor
notes of nuts, toast, and chocolate (Menezes et al., 2016). These compounds are products of the
Maillard reaction during the cocoa bean roasting (Barbosa-Pereira et al., 2019).

In contrast, CS had a higher relative percentage of aldehydes. An aromatic fraction rich in aldehydes is
desirable since these compounds are related to cocoa quality, producing a characteristic cocoa aroma
and fruity notes (Menezes et al., 2016). Another difference observed was the higher percentage of
acetic acid present in CS. This acid is usually associated with an unpleasant odor due to its rancid and
sour vinegar notes (Barbosa-Pereira et al., 2019).

4. Conclusions
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Through the identification of volatile compounds of cocoa bean shell (CS) and natural cocoa powder
(NCP) it was possible to compare the aromatic profile of both materials. It was observed that the main
difference between the volatile fractions of CS and NCP is the lower percentage of pyrazines and the
greater presence of acetic acid in CS. However, CS has a higher relative percentage of aldehydes, also
responsible for forming cocoa aroma. Therefore, despite the differences in relative composition, CS
aroma can be related to cocoa derivatives, generating application opportunities to add value to this
residue.
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Abstract

Temperature-based strategies are commonly applied to control microbial growth, but
the impact of those procedures on biofilm structure is usually not evaluated. This study
aimed to understand how thermal disinfection procedures affect pre-established
Pseudomonas fluorescens biofilms, formed in a Center for Disease Control (CDC) biofilm
reactor under 125 and 225 rpm. The biofilm regrowth potential was evaluated over 24 h.
Biofilms structure was assessed at the microscale by Confocal Laser Scanning Microscopy
(CLSM) and at the mesoscale through Optical Coherence Tomography (OCT). Results
showed that the impact of the thermal disinfection on the biofilm structure depends on
the hydrodynamic conditions, which are also critical to the biofilm structural
rearrangement upon regrowth.

Author Keywords. Biofilm regrowth, disinfection, temperature shock, water systems

1. Introduction
Thermal disinfection approaches are widely applied to control microorganisms' growth
(Nocker et al. 2021). This disinfection procedure can be used in engineered water systems to
reduce the levels of waterborne pathogens like Legionella (Mouchtouri et al. 2007). Field-
based studies have been performed to evaluate thermal disinfection effectiveness
(Mouchtouri et al. 2007), mostly on planktonic microorganisms. The role of biofilms in
shielding such microorganisms against harsh conditions has been ignored (Pereira et al. 2021).

From the operational point-of-view of engineered hot water networks, understanding what
happens to the biofilm structure upon thermal disinfection and under different flow velocities
can lead to a better design and implementation of thermal procedures. This work aimed to
evaluate the impact of thermal shocks on the biofilm structure under microscale (Confocal
Laser Scanning Microscopy, CLSM) and mesoscale imaging (Optical Coherence Tomography,
OCT).
2. Materials and Methods

Pseudomonas fluorescens ATCC 13525 was grown overnight in nutrient broth. On day 0, the
Center for Disease Control (CDC) biofilm reactor was inoculated with 1 mL of the overnight
culture (108 CFU/mL P. fluorescens) in 500 mL of sterile nutrient medium. The baffle was set
to rotate at either (a) 125 (0.0205 N/m?) or (b) 225 (0.0573 N/m?) rpm. Biofilm was formed
for 8 days and then subjected to a thermal shock (70°C over 15 min). The regrowth potential
was evaluated 1 and 24 hours after thermal shock. Figure 1 shows the experimental setup.

Biofilm structural parameters (such as thickness and surface coverage) were evaluated with
microscale (Confocal Laser Scanning Microscopy, CLSM) and mesoscale imaging (2D-Optical
Coherence Tomography, OCT).
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Figure 14: Experimental installation for biofilm growth using the CDC reactor.

3. Discussion

The biofilms grown at 125 rpm were thicker than the biofilms formed at 225 rpm (Figure 2a
and 2b). A thickness reduction of 80 % was found after the shock for biofilms formed under
125 rpm (Figure 2a), however there was no significant biofilm sloughing off for the 225 rpm
(Figure 2b). Surface coverage was reduced by 65 % and 6 % after the thermal shock for 125
and 225 rpm (Figures 2c and 2d), respectively. Results showed that the impact of the thermal
disinfection on the biofilm structure depends on the hydrodynamic conditions, which are also
critical to the biofilm structural rearrangement upon regrowth.
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Figure 2: Thickness of 8-days-old biofilms developed under 125 RPM (a) and 225 RPM (b), before shock (BS) and 1 (1h AS)
and 24 (24h AS) hours after shock (AS). Surface coverage of 8-days-old biofilms developed under 125 RPM (a, ¢) and 225 RPM
(b, d) before shock (BS) and 1 (1h AS) and 24 (24h AS) hours after shock (AS). The means + standard deviation are shown.
Statistically significant differences are represented for p < 0.05 by * and < 0.0001 by **** when compared with BS samples.

4. Conclusions

The overall results showed that the effect of thermal shock on the biofilm structure seems to
depend on the prevailing hydrodynamic conditions. We demonstrated that there is a different
spatial arrangement of the biofilm structure after the thermal shock. Using a reproducible
biofilm model, assessed with a micro- and mesoscale analysis, this work provides new insights
on the need of studying biofilm structure.
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Abstract

In this work, we assessed microparticle separation using a deterministic lateral
displacement in a microfluidic channel. The separation occurs because microparticles
flow in specific trajectories along the microchannel. Also, calculating the critical diameter
(Dc) allows to predict microparticle separation. The experimental results confirmed that
particles above Dc (3.36 um) were separated from smaller particles that were below this
value.

Author Keywords. Microfluidics, separation, microparticles, food safety.

1. Introduction
In food microbiology, culture-based methods are considered as “gold standard” for microorganism
detection and identification. These methods are low-cost and allow specific, sensitive detection and
identification of microorganisms of interest. However, these are demanding procedures and require
initial sample enrichment for microbial concentration, which could last for several days. Alternatively,
using microfluidic technology, target microorganisms can be efficiently separated and concentrated
from heterogenous mixtures (Sande 2020). Thus, we used microparticles to optimise flow conditions
and to investigate the separation in microfluidic channels intended for food safety application.

2. Materials and Methods
The proposed microchannel was designed with AutoCAD® and fabricated in elastomer
(polydimethylsiloxane-PDMS) by soft-lithography. The configuration and dimensions were confirmed
with scanning electron microscopy. Then, the microchannel was used to separate fluorescence
polystyrene microparticles of diameter 2 um and 6 um. These particles were previously suspended in
0.1% (wt/vol) sodium dodecyl sulfate (SDS) alone or supplemented with 15% (wt/vol) dextran. Finally,
microparticle separation was visualized through streak line photography.

3. Discussion
The critical particle diameter (Dc) (Davis 2006) in the proposed microchannel is 3.36 um. This value was
determined from the array tilt angle, gap size, micropillar diameter, array pitch and row shift. The inlet
flow rate of 0.2 puL/min in a cross section of 100 x 30 um was set, which was equivalent to an inlet
velocity of 0.001 m/s. The laminar flow profile was confirmed by the dimensionless Re number (Re =
0.11). The density of SDS supplemented with 15% (wt/vol) dextran matched the density of the
fluorescence polystyrene particle, which resulted in reduced microparticles sedimentation. Finally, the
experimental data, acquired with streak line photography, revealed that 6 um microparticles were
displaced, while 2 um particles were not, which is consistent with the microchannel critical diameter.

4. Conclusions
Overall, the results demonstrate that fluid properties have an important role on particle flow profile
and subsequent separation in microfluidic channel. Moreover, acquired data from particleexperiments
will be used for subsequent validation tests with microorganisms.
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Abstract

The quality and safety of medicines has been the main concern of both, the industry, and
regulatory agencies. Indeed, to ensure these product characteristics, the concept of
Quality by Design (QbD), an innovative pharmaceutical quality system during production,
which allows monitoring production in real time, was born. The aim of this study was the
development of a sensitive and selective methodology to control the production of a
clostridial toxin while it is produced as a component of the clostridial polyvalent vaccine.
The results obtained demonstrated the capability of electrochemical techniques to
monitor the toxin, allowing to relate the observed signal to the production stage.

Author Keywords. Quality by Design, Electroanalysis, Clostridial Bacteria, Toxin

1. Introduction

The importance of animal health has been increased by the One Health concept (McEwen and
Collignon 2018), an approach that recognizes that the health of people is related to animals’ health
and to the environment. Indeed, healthier animals will have a direct impact on healthier human, beings
through diet or through simple contact between both. As a result, animals are administered with
preventive treatments. An example of this are polyvalent vaccines for the prevention of clostridial
diseases that affect animals and also, humans.

Clostridial polyvalent vaccines are made from the inactivated toxins produced by clostridial bacteria.
These bacteria are cultivated until they are stressed to release the corresponding toxin. Once the toxin
is obtained, usually, it goes through an inactivation process, so that the toxin does not suppose a risk
to the organism while, a response from the immune system is obtained. Finally, the inactivated toxin
(toxoid) is purified through processes such as centrifugation and/or filtration to eliminate residues
from the production process that may suppose a risk for the use of the vaccine (Walker 1992).
Quality by Design (QbD) was born at the beginning of the last century as a consequence of the
permanent concern of the pharmaceutical industry together with regulatory agencies, to ensure the
safety and efficacy of its products (J. M. Juran 1992). QbD is an innovative pharmaceutical quality
system during production, which allows monitoring production in real time. These advance aims to
guarantee the quality of pharmaceutical products using statistical, analytical and risk management
methodologies during design, development, and manufacturing of the product (International Council
for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use 2004).
The aim of this project is to develop sensitive, selective, simple, and reproducible methodologies based
on electroanalytical techniques that allow the control of the culture of a clostridial toxin. For this,
initially the electrochemical study of the immunopurified toxoid will be carried out. Once the toxoid
has been characterized, the study of the toxoid will continue in the different step of production from
the toxin in the culture medium, until the final product, a complex matrix that will produce a large
amount of interference.

2. Materials and Methods

Biological production samples, analysed without any pre-treatment, were from the production of a
clostridial toxoid from the pharmaceutical company ZENDAL.

Cyclic Voltammetry (CV) measurements were performed with a portable potentiostat uStat 100
(DropSens Company), SPE Connector (2 mm banana, PalmSens) for Screen-Printed Electrode (SPE) and
controlled by PalmSensLite Software (PSLite 1.6.1.0). CV is the technique used to carry out the
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electrochemical process study attending to the following conditions: potential range from -1.2 to 1.2
V and scan rate 100 mV-s™.

3. Discussion

Initially, an immunopurified sample was analyzed. This analysis made it possible to ensure that the
signal observed was the protein of interest, as it is shown in Figure 15. With the signal already
identified, production samples were analyzed from the end of production to the beginning of the
culture. In this sequencing it was expected that the toxoid/toxin signal would be similar, and that it
would maintain a proportionality between the processes to which they were subjected and the
intensity of the signal.

200

150

1/ A
o

-100
-150

-200

-12 09 -06 03 0 03 06 09 12
E/V

Figure 15: Voltammograms obtained for the immunopurified toxoid
Subsequently, during the first batch, it was possible to monitor the toxoid since the end of the
inactivation process until the final product. The signals obtain for the different stages were related
with different procedures the toxin or toxoid had suffer. Nevertheless, the electrochemical activity of
the toxoid was also influenced by the media.
Voltammograms obtained for the second batch (Figure 16), where it can be seen that, there is an
increase in signal intensity during the culture, which subsequently begins to decrease, until reaching
the most concentrated point, where the signal increases in intensity again.
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Figure 16: Voltammograms obtained during the production of the toxoid.
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After obtaining samples from different productions, it was possible to conclude that both the toxin and
the toxoid are reduced, generating cathodic peaks.

4. Conclusions

Electrochemical techniques, specifically voltammetric techniques, have demonstrated their ability to
measure the toxin or toxoid of a clostridial bacteria during its production. These techniques seem to
be promising techniques to implement production control methods under the QbD concept, although
it is necessary to continue optimizing the methodology while scaling the analysis.
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Abstract

Due to population growth, urbanization and intensification of industrial processes,
several substances that end up in aquatic compartments can be considered contaminants
of emerging concern, with potential adverse effects on ecosystems and human health.
Over the years, the scientific community has developed more efficient processes for both
the removal of these contaminants from water and the desalination of seawater. This
work aims to study how two processes (direct contact membrane distillation and thermal
activation of persulfate) can be integrated to enhance their advantages in simultaneous
seawater desalination and decontamination. In this context, venlafaxine was added to
ultrapure water and seawater as a model pharmaceutical compound frequently found in
water compartments. Its complete removal was rapidly achieved using sodium persulfate
(SPS) at 80 °C in a batch reactor. The integration of these processes was evaluated to
verify their efficiency for the recovery of clean water.

Author Keywords: persulfate, thermal activation, integrated treatment, membrane
distillation, clean water recovery.

1. Introduction
Water plays an essential role in ecosystems and several human activities (Barbosa et al. 2016), but
population growth, climate change, urbanization and the intensification of industrial processes have
led to an increased demand for water (Gude 2017). Additionally, many compounds are released daily
into the environment, including pharmaceuticals, hormones, illicit drugs, pesticides, personal care
products, industrial products, among others (Barbosa et al. 2016; Morin-Crini et al. 2022).
Nevertheless, conventional wastewater treatment plants (WWTPs) cannot completely remove these
recalcitrant organic compounds. Due to these limitations, organic pollutants are persistently released
into the environment at very low concentrations (ranging from ngL?! to pgL?t). However, these
compounds may have a toxic and adverse effect on ecosystems and human health (Morin-Crini et al.
2022).
Over the years, the scientific community has made several efforts to develop more efficient processes
for the removal of pollutants from water. Advanced oxidation processes (AOPs) are among the most
promising technologies for the treatment of these contaminants because of their efficiency and
simplicity in many cases (Morin-Crini et al. 2022). In particular, the thermal activation of persulfate is
gaining major attention. By increasing the temperature (above 40 °C), it is possible to promote the
degradation of persulfate and generate radicals (SO4* and HO®) that can attack and remove different
organic compounds from water.
On the other hand, membrane distillation (MD) is an emerging non-isothermal separation process that
combines distillation and membrane processes. Itis based on the liquid-vapor equilibrium and requires
heat to be supplied to the feed solution. The driving force of the MD process is the difference in vapor
pressure between the two sides of a hydrophobic and microporous membrane (Khayet 2011).
The main goals of this work are: (i) to evaluate the efficiency of an AOP (activated SPS) in the
degradation of contaminants of emerging concern in ultrapure water and in seawater, and (ii) to
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integrate such AOP with the MD process and evaluate the quality of the recovered water through the
integrated system.

2. Materials and Methods
The venlafaxine solutions were prepared using ultrapure water and seawater, with a contaminant
concentration of 250 ug L. The batch experiments were performed in 100 mL amber bottles
containing 50 mL of the previously prepared solution under constant stirring. Temperature was one of
the parameters under study and the bottles were placed in an oil bath to reach the desired operating
temperature. The parameters studied were the SPS concentration, temperature, and pH. All
experiments were performed in duplicate.
To quantify the degradation of venlafaxine, samples were collected at specific times (0, 5, 10, 15, 30,
45, 60,90, 120 and 180 min). At each of these times, 200 uL of the sample was withdrawn and instantly
placed at -20 °C to stop the reaction. The samples were analyzed using high-performance liquid
chromatography (HPLC) coupled with a fluorescence detector (FD). The injection volume was 30 pL
and the temperature was maintained at 30 °C. The excitation wavelength of the FD was 230 nm and
the emission wavelength was 300 nm.
During the direct contact membrane distillation (DCMD) experiments, the feed and distilled water
were contained in glass tanks and operated in counter-current mode entering the membrane module
at a given flow rate using two peristaltic pumps. The inlet and outlet temperatures were continuously
monitored using two thermocouples connected to a digital device, and the amount of water recovered
was measured using a digital balance placed under the distilled water flask (Silva et al. 2018).

3. Discussion
Thermal activation of persulfate has been extensively reported in the literature. However, its
integration with DCMD has not been investigated in seawater desalination. In this study, venlafaxine
was chosen as a model pollutant to follow the degradation by the thermal activation of persulfate,
taking advantage of the required high temperatures in the DCMD feed. A parametric study was
conducted to evaluate the effects of the different variables (temperature, sodium persulfate
concentration and pH) and select those that maximize the removal of the organic pollutant.
The effect of temperature per se on pollutant degradation was also evaluated. After 24 h at 80 °C,
venlafaxine concentration remained constant, suggesting that the compound did not undergo thermal
degradation (i.e., without SPS). Subsequently, the effect of SPS concentration on venlafaxine
degradation was evaluated in amber bottles. Experiments were performed at 80 °C, and the respective
controls at room temperature. The concentration of SPS ranged between 50 mg L™t and 250 mg L' and
showed that with an increase in concentration, the rate of degradation of venlafaxine increased, and
the pollutant was degraded after 5 and 30 min for the highest and lowest concentrations of SPS,
respectively. Regarding the effect of temperature, it was observed that with an increase in the reaction
temperature, the reaction rate also increased. The effect of pH was tested and no significant changes
were observed in the rate of venlafaxine degradation in the range studied (pH from 2.1 to 10.5).
Furthermore, the process was efficient in removing venlafaxine, even when using a real matrix
(seawater).
Finally, experiments were performed with seawater and the pollutant in a DCMD system. The influence
of different parameters (temperature, feed flow rate, and operating time) was evaluated to optimize
the permeate flux, water recovery and quality of the recovered water. The retentate (concentrated
seawater) and permeate (distilled water) were analyzed to verify the efficiency of the integrated
treatment process.

4. Conclusions
In this study, the thermal activation of persulfate was evaluated for the degradation of venlafaxine. A
parametric study enabled us to determine the conditions under which the process provided the best
results. The efficiency of this process was verified, even when a real water matrix was used, and
venlafaxine was successfully removed.
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The MD process, in which the feed is heated to generate a temperature difference between the
retentate and permeate sides, was integrated with the thermal activation of persulfate.
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Abstract

Strontium aluminate doped with europium and dysprosium (SAED) is widely employed
as a long afterglow phosphorescent solid material. It has been also combined with
photocatalysts for the degradation of pollutants in water, but with low stability. This
study demonstrates that the absence or presence of some anions (i.e., chloride and
sulfates) and pH may affect the stability, leaching strontium into the media. On the
contrary, phosphates prevent hydrolysis and maintain the photoluminescent properties.
The photocatalytic activity of SAED-based photocatalysts was enhanced in phosphate-
buffered solutions, the SAED-coupled carbon nitride being the most promising
photocatalyst.

Author Keywords. Phosphorescent, photoluminescence, stability, water treatment.

1. Introduction
Photocatalysis is based on the photo-excitation of a material generating electron/hole pairs under
radiation provided by UV lamps, sunlight or visible-light LEDs. Recently, phosphorescent materials have
been coupled with photocatalysts, reducing the electron/hole recombination or actuating as self-
luminous light source (Kang et al. 2021). Strontium aluminate doped with europium and dysprosium
(SAED) is a persistent luminous material widely employed in paints, inks, and ceramics. In water
decontamination, SAED has been used in combination with photocatalysts (PCs) such as TiO,, WO3 and
carbon nitride (CN); however, some stability problems in water have been found (Guo et al. 2007).

2. Materials and Methods

SAED (Sigma-Aldrich 98%, ref: 756539, CAS 883150-73-0), TiO (Fluka) and WOs (Alfa Aesar). were used
without any further purification. CN was synthesized with urea in a muffle furnace according to a
previous study (Lima et al. 2017). SAED-coupled materials were prepared by mixing SAED:PC in a ratio
1:1 and post-thermally treated at 400 °C for 4 hours (initial heating ramp 5 °C/min).
The stability of the SAED material was tested in the presence of different anions in solution (provided
by 0.01 M of HCI, H,SO4 and HsPO,) at initial pH 4, 7 and 10 under stirring for 24 h. The solid samples
were collected by centrifugation, dried at 100 °C, and analyzed with a spectrofluorometer (JASCO FP
8300) and other techniques. The leached Sr was determined by ionic chromatography (Metrohm 881
compact IC pro).
The photocatalytic activity of the coupled materials was studied with tramadol as target pollutant (5
mg L) in non-buffered or HsPO,4 buffered solution and using a solar simulator as radiation source (550
W m3).

3. Discussion

The stability tests performed in presence of different ions (Cl, SO4% and PO.*) reveals that SAED
maintains its photoluminescence with phosphates in the media (results not shown). Moreover,
phosphates also prevent the hydroxylation of SAED better than sulfates and chloride. However, pH is
also an important factor that has to be considered, since SAED demonstrated to be more stable at
basic than acidic pH, as revealed by the released amount of Sr (Erro! A origem da referéncia nao foi
encontrada.). Almost no leaching was found at pH = 10 in the phosphate buffer solution.
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SAED-coupled photocatalysts were tested for the degradation of tramadol in water under solar
simulated radiation. Comparing the experiments in ultrapure water and buffered solutions, the
efficiency of the treatments is negatively affected by the low stability of the SAED materials in water.
Therefore, the photoluminescence might play an important role on the photocatalytic degradation of
water pollutants. The SAED-CN solid was found to be the most promising SAED-based photocatalyst.

Cl Norts HPO4/PO4*
pHo 4 7 10 4 7 10 4 7 10 free
pHs¢ 11.5 115 115 116 117 116 53 7.0 100 11.8
Sr,ppm 353.2 366.0 883 279 227 234 66.7 98 15 3106

Table 9: Final pH (pHs) and leached Sr after 24 h of suspended SAED in contact with different anions and at different initial
pH values (pHo).

4. Conclusions

The SAED material was demonstrated to be more stable in presence of phosphates > sulfates >>

chloride and at higher pH values. In addition, SAED only preserves the photoluminescence in

phosphate buffered solutions, resulting in a better photocatalytic performance.
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Abstract

This study presents the solvothermal synthesis of three CuFe-MOFs. Different metallic
salts and temperatures (90 or 150 °C) were used in the synthesis of different CuFe-MOFs.
The characterization of the materials revealed different morphologies and properties.
The MOFs were named CuFe-MOF,, where nis 1 for the highest ratio and 3 for the lowest
ratio. Optimal conditions of pH, peroxymonosulfate (PMS) concentration and catalyst
dosage were determined by removing Rhodamine B. Under these conditions, the
degradation of a mixture of drugs such as sulfamethoxazole (SMX) and antipyrine (ANT)
was evaluated and the results revealed a degradation of 80% of both drugs after 30
minutes for the CuFe-MOF with high iron content. High antibacterial activity was also
attained with the system CuFe-MOF;/PMS due to the high copper content concerning
the others.

Author Keywords. CuFe-MOFs, Rhodamine B degradation, drugs degradation,
antibacterial activity.

1. Introduction

Water is widely recognized as a natural, limited and very valuable resource. Overpopulation and
industrial activity have resulted in an increase in many organic pollutants, known as emerging
pollutants, and pathogens. This has prompted the search for more effective water treatment
techniques to ensure water quality, such as advanced oxidation processes (AOPs). Within these
processes, PMS activation has received considerable attention to produce sulfate radicals. These
radicals have much greater redox potential and greater adaptive capacity in contrast to other reactive
species such as hydroxyl radicals. Therefore, their use results in superior degradation of organic
pollutants.

The activation of PMS can be possible by different methods such as heating, ultrasound, light and
transition metals. Nowadays it stands out the use of transition metals, however, their use as
homogeneous catalysts presents several problems due to their difficult recovery and recycling. Thus,
heterogeneous catalysts are preferred for PMS activation and Metal-organic frames (MOFs), highly
ordered structures composed of organic and inorganic components, exhibit excellent catalytic
properties due to the abundance of oxygen vacancies (as active sites), synergistic mechanisms and
high efficiency (Fdez-Sanroman et al. 2022).

2. Materials and Methods

Synthesis CuFe-MOF,: was carried out by solvothermal methods. In the synthesis of several reagents
were used: dimethylformamide, ethanol, 2-aminoterephthalic acid (NH.BDC), iron (ll) sulfate
heptahydrate, copper (l1) acetate, copper (ll) chloride hexahydrate and iron (lll) chloride hexahydrate.
All the chemicals mentioned were purchased from Sigma Aldrich. The procedure is based on the work
of Fu et al. (2022) and Khosravi et al. (2022).

Degradation of Rhodamine B: the influence of the initial pH, which was evaluated between 3 and 9,
the CuFe-MOF concentration, between 0.125 and 0.5 g/L, and the PMS, whose values were 0.1 to 1
mM.

Degradation of the drug mixture: Fenton-like, photo-PMS, photolysis, photoadsorption and
photocatalysis processes were evaluated operating at the previous optimal conditions.

Disinfection: E. coli CECT 102 inactivation experiments were carried out at 0.1 mM PMS and 0.25 g/L
concentrations of the three CuFe-MOFs.
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3. Discussion

First, the tests carried out on Rhodamine B established that the optimal conditions for conducting the
experiments were 0.25 g/L catalyst, ImM PMS and an initial pH value of 6. Under these conditions, the
catalytic capacity to degrade drugs was analyzed, CuFe-MOF; and CuFe-MOF; were found to have a
high catalytic capacity. Particularly in UV/PMS/CuFeMOF (Figure 17) and PMS/CuFeMOF systems drug
degradation reached about 80% in 30 min.
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Figure 17: Degradation of SMX (left) and ANT (right) using UV-PMS-MOF system.

Second, by disinfecting E. coli, CuFe-MOF; was the only catalyst that allows the complete elimination
of this pathogen in less than 1 h, while the other two catalysts cannot degrade more than 50 %. This
fact can be explained by the different copper content of the CuFe-MOFs.

4. Conclusions

Three CuFe-MOF with different morphologies and properties have been successfully synthesized.
These properties allow a different application. It was detected that materials with high iron content
had better results in the degradation of Rhodamine B and drugs (SMX and ANT), while those with high
copper content showed better efficiency in the disinfection processes. In addition, these CuFe-MOFs
could be easily recycled and reused in successive cycles keeping their catalytic activity so they could
be used in the continuous treatment of contaminated effluents.
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Abstract

Green hydrogen can be produced from water electrolysis. The state-of-the-art catalysts
used depend on critical raw materials, namely platinum in the cathode and iridium
and/or ruthenium in the anode. The development of Pt-free and Ir-reduced catalysts is
described with promising results. To replace Pt, a simple method to produce transition
metal phosphides (TMP) supported on carbon materials was used. Incipient wet
impregnation was used to add iron into the carbon support, followed by phosphorization
with red phosphorus as the P source. The reduction of Ir loading on the anode catalyst
was studied using commercial ATO powder as support for iridium oxide. The
electrochemical catalysts’ activity was tested in a three-electrode setup, under acidic
conditions (0.5 M H,S0,).

Author Keywords. PEM electrolysers, water electrolysis, green hydrogen.

1. Introduction

Climate crisis is propelling the green economy. After the Paris agreement, a limit for temperature
increase was set, goals for renewable energy production, and a shift towards use of more abundant
materials were determined, and several organizations and governments designed roadmaps.
Hydrogen is pointed as a crucial molecule to achieve carbon neutrality by 2050, being used as an
energy vector and energy source with zero emissions (Dunn et al. 2020). Hydrogen can be produced
by a simple and green method: water electrolysis powered by electricity from renewables. While this
process is fairly simple and has zero carbon emissions, the catalysts used to promote water splitting
depend on critical raw materials (CRMs). A race for producing earth-abundant catalysts is in place, with
many research groups focusing on replacing and decreasing the loading of platinum (Pt), iridium (Ir)
and ruthenium (Ru) CRMs. These materials are the catalysts currently used in proton exchange
membrane electrolysers (PEMEL), with Pt being deployed on the cathode to catalyze hydrogen
evolution reaction (HER) and Ir and Ru oxides in the anode side to catalyze oxygen evolution reaction
(OER). In a PEMEL, from the two half-cell reactions that comprise the water electrolysis
(2 H,0 = 2 H, + 0y), the OER is the limiting reaction. Due to the oxidation mechanism and the acidic
medium, replacing CRM catalysts is more challenging than in HER side — where carbon supports can
be used to increase the superficial area of the active catalyst (Chatenet et al. 2022).

In this work, Pt-free HER catalysts from earth-abundant materials were prepared, while a reduction of
IrOx loading in OER catalysts was investigated.
2. Materials and Methods

Synthesis of HER catalyst

Iron(lll) nitrate nonahydrate was used as transition metal precursor. Carbon black Vulcan XCmax 22
(CABOT) was used as conductive carbon support. Incipient wet impregnation method was used, adding
an aqueous solution containing the transition metal (iron) dropwise onto the carbon support in an
ultrasonic bath. After 60 min of sonication, the prepared materials were dried in an oven at 100 °C
overnight. Weight loading tested were 15, 20 and 25 % of metal. The process was followed by a
thermal treatment in a vertical furnace under nitrogen atmosphere for 1 h with subsequent reduction
under hydrogen atmosphere at 400 °C for 3 h, with 100 cm3®/min gas flow. After cooling down to room
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temperature under nitrogen flow, 0.3 g of the samples were transferred into a horizontal furnace
where phosphorization takes place. Inside the same reactor, 0.25 g of red phosphorus was also placed,
and it was heated to 500 °C for 1 h followed by a reduction of temperature to 250 °C for 12 h.
Phosphorization was conducted under 100 cm3/cm nitrogen flow. (Brito et al. 2022)

Synthesis of OER catalyst

Iridium oxide was prepared adapting reported procedure (Ruiz Esquius et al. 2020). In a round bottom
flask, 1 mmol of IrCl; and 8 mmol of Li,COs; was dissolved in 25 mL of deionized water and stirred
overnight at room temperature. The yellow solution was then refluxed for 3 h, and the obtained blue
precipitate was centrifuged several times with deionized water. Afterwards, it was left to dry at room
temperature, and the obtained blue powder was crushed in a mortar and stored. Commercial
conductive antimony-doped tin oxide (ATO) from Thermo Scientific was used as support, being added
to the IrCls and Li,COs solution prior to reflux.

Electrochemical testing

For the electrochemical characterization, a three-electrode setup was used. As counter and reference
electrodes, a platinum wire and calomel electrode were used, respectively, and the acidic electrolyte
medium was 0.5 M H,SO4. Carbon paper was used as working electrode for HER catalyst, where 1 cm?
was coated with the HER catalyst ink, obtaining a loading of 1 mg/cm? of catalyst. For OER, a glassy
carbon electrode with 3 mm of diameter was used as working electrode and the loading was
100 pg/cm?. The ink formulation was very similar for both reactions. For HER, 5 mg of catalyst was
mixed with 750 uL ethanol, 250 uL of deionized water and 10 pL of Nafion. The solution was sonicated
for over 1 h before drop casting onto the working electrode using a micropipette. For OER, the only
different parameter was the amount of catalyst used (only 2.5 mg). The instrument used for all
electrochemical measurements was a Biologic VMP-3 potentiostat/galvanostat, and cyclic
voltammetry (CV) and linear sweep voltammetry (LSV) curves were obtained after an initial catalyst’s
activation.
3. Discussion

Figure 18a shows the powder X-ray diffraction (XRD) patterns obtained for the Fe/C catalyst before
and after the phosphorization. The black pattern indicates that the Fe/C is a phase mixture of metallic
iron (ICDD 04-012-6482) and iron oxide (ICDD 00-006-0615). The red pattern indicates that the
phosphorization was successful, forming iron phosphide HER catalyst (ICDD 00-039-0809) supported
on carbon (FeP/C). In Figure 18b the XRD patterns for the synthesized iridium oxide, commercial ATO
and IrOx supported on ATO catalysts are shown. The IrOx pattern suggests an amorphous material,
with no defined crystalline phase. The ATO and the ATO supported catalysts present a defined
antimony-tin oxide phase (ICDD 01-086-4569).
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Figure 18: Collected XRD patterns for a) Fe/C precursor material (black pattern) and final FeP/C HER catalyst (red pattern)
synthesized by phosphorization, and for b) synthesized iridium oxide (orange pattern), iridium oxide with different loadings
of commercial ATO (blue and red patterns) and ATO (black pattern).
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Figure 19: a) HER cathodic polarization curve recorded for the synthesized FeP/C catalysts, b) OER anodic polarization curves
recorded for the synthesized IrOx catalysts. All polarization curves are 85% iR-compensated. Scan rate = 5 mV/s. Electrolyte
=0.5 M H,S0s.

4. Conclusions
It was possible to prepare catalysts without CRMs or with a reduced CRM loading. Iron phosphide
supported on conductive carbon (FeP/C) proved to be a good alternative to substitute commercial Pt/C
catalyst for acidic HER. The method used for the preparation of state-of-the-art IrOx OER catalyst also
proved to be efficient, achieving a high-performing catalyst for acidic OER. The composite iridium oxide
supported on the conductive antimony-doped tin oxide (IrOx/ATO) with reduced content of IrOx
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presented results comparable to the IrOx in LSV characterisation. In the future, the performance of the
most promising HER and OER catalysts will be assessed in single-cell PEMEL, by the fabrication of
membrane electrode assemblies (MEAs) with the selected synthesized catalysts.
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Abstract

Nitrogen oxides are involved in environmental pollution phenomena, making it
important to develop techniques for treating the emissions of these gases. The selective
catalytic reduction of NO with carbon is an alternative technology to the more common
reduction processes using NHs. This work's main objective is the synthesis of carbon
catalysts, catalytically active in NO reduction. The carbon nanotubes (CNT) were
subjected to appropriate treatments to modify their surface chemistry (introduction of
nitrogen, oxygen functionalities and metallic phase). The presence of copper and
potassium in the catalysts is indispensable for obtaining high activities. The introduction
of nitrogen surface groups further enhances their performance. The best results were
obtained for nitrogen-doped CNT and impregnated with copper and potassium, obtaining
a NO reduction of 100 % for a T = 360 °C. The catalyst stability was evaluated by carrying
out a long-term reaction test. Some catalyst deactivation was observed after 41h of
reaction.

Author Keywords. Nitric oxide, selective catalytic reduction, carbon nanotube, copper,
potassium

1. Introduction
The reduction of nitrogen oxide (NOx) emissions is one of the main environmental concerns, as they
can cause global warming, acid rain, the greenhouse effect, and several problems for human health.
Thus, it is imperative to develop advanced technologies and catalysts to control NOx emissions to
comply with increasingly stringent legislation (Bahrami et al. 2017).
Selective catalytic reduction (SCR) is a means of converting NOx with the aid of a catalyst into N,. At
low temperatures, carbon-based catalysts show greater catalytic activity in reducing NOx than
conventional catalysts; therefore, selective catalytic reduction with carbon (SCR-C) is an excellent
alternative for NOx reduction, with the additional advantage of avoiding the need for an external
reducing agent (llldan-Gémez et al. 2001).
To further improve the reactivity of carbon to NOy, transition metals (Cu, Ni, Fe, Co) and alkali
metals (K, Na) have been reported as catalysts, increasing the ability of NOy adsorption on activated
carbon and decreasing the activation energy of NOyreduction (Gongalves and Figueiredo 2004;
Ramalho et al. 2023). Recent studies have shown that NO can be reduced to N, at temperatures below
500 °C, using carbon materials impregnated with transition metals (Ramalho et al. 2023). Recently,
there has been a growing interest in N-doped carbon materials. Ramalho et al. (Ramalho et al. 2023)
prepared activated carbon catalysts containing transition metals and nitrogen precursors for NO
reduction. They observed that the presence of transition metals in the structure was essential for the
catalytic activity, which was enhanced by introducing nitrogen surface groups.
The main objective of this work is to study the reduction of NO using carbon nanotubes (CNT) as a
catalyst or as a support for the metallic phases.

2. Materials and Methods
CNT was used as the starting material for subsequent treatments: the CNT surface chemistry was
modified by oxidation in the liquid phase with 7M of nitric acid, into which 6g of sample was placed.
The acid was heated to the boiling temperature, and the system was refluxed for 3 h. After this period,
the material was washed with distilled water until the pH of the washing solution was close to the
natural pH of the water and dried at 110 °C in an oven for 24 h (sample CNT_HNO3). Nitrogen-doped
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samples are obtained by mixing 0.6 g of CNT with 0.39 g of melamine (M) which was used as N-
precursor. CNT was ground in a ball-milling with a constant vibration frequency of 15 vibrations per
second for 4 h. After mechanical mixing, the samples were submitted to thermal treatment under N;
(100 cm? min™) until 600 °C and kept at that temperature for 1 h (CNT_M_BM). The catalysts were
prepared by the incipient wetness impregnation method of the prepared supports (described above).
The support was placed under ultrasonic vibration and a solution of copper nitrate (Cu) or copper
nitrate with potassium nitrate (CuK) was added to reach 10 wt% by weight of Cu or 5 wt% by weight
of Cu with 5 wt% by weight of K. After impregnation, the samples were dried at 100 °C for 24 h and
heat-treated at 460 °C under an N; flow for 1 h and an H; flow for 3 h.
The resulting catalysts and their supports were characterized by various techniques such as N2
adsorption isotherms, determinated at — 196 °C, X-ray photoelectron spectroscopy (XPS), transmission
electron microscopy (TEM), elemental analysis (EA) and inductively coupled plasma-optical emission
spectrometry (ICP-OES).
The catalytic tests were carried out in a fixed-bed U-shaped microreactor, where 200 mg of the
catalyst. NO reduction was performed under a total flow rate of 100 cm?® min™ with a concentration of
1000 ppm NO in He.

3. Discussion

The treatments carried out modified the textural properties of CNT. The samples submitted to
oxidative treatments had specific surface areas slightly higher (Sger: 255 m? g) than the original
material (Sger: 320 m? g™1). This increase can be explained by the fact that these treatments remove
impurities that may be blocking the access of nitrogen to the pores. With the introduction of the N-
precursor the CNT_M_BM sample showed a smaller surface area (Seer: 228 m? g'1) due to the
introduction of nitrogen groups that partially block N> access to the pores. Metal-based catalysts also
presented a low surface area (Sger: 189 m? g™!) too compared to the original sample.

Table 1 presents the catalytic results obtained for the catalysts developed.

Catalyst Xno (%) T(°C)
CNT 2 460
CNT@10Cu 26 460
CNT_M_BM 78 460
CNT_M_BM@5Cu5K 100 360

Table 10: NO conversion to reach full conversion for the developed catalysts.

CNT does not show significant catalytic activity in the reduction of NO. When incorporating copper the
performance is a little better, obtaining a conversion of 26 %. The introduction of nitrogen surface
groups (CNT_M_BM) further increases the catalytic activity, thus observing that the nitrogen
incorporated into carbon nanotubes increases their catalytic activity, thus showing a NO reduction of
78 %. The effect of adding potassium to copper on both types of support for the reduction of NO was
investigated and it was verified that the addition of potassium significantly improves its catalytic
performance. Among the samples, the best results were obtained for nitrogen-doped CNT and
impregnated with copper and potassium (CNT_M_BM@5Cu5K), obtaining a NO reduction of 100 % for
aT=360"°C.

4. Conclusions
The main objective of this work was to prepare, and test CNT catalysts with a wide range of textural
and surface chemical properties, catalytically active for NO reduction.
It was observed that the incorporation of metal is essential for the reduction of NO. The introduction
of N-surface groups further enhances the catalytic activity, with CNT_M_BM@5Cu5K being the best
catalyst for NO reduction into N,, presenting a 100% conversion at 360 °C.

In the stability test, the CNT_M_BM@5Cu5K catalyst is stable for 41h, losing its activity after that time.
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Abstract

Quorum sensing (QS) is an important bacterial communication mechanism that regulates
the expression of virulence factors, biofilm formation and contributes to antimicrobial
resistance. This study investigated the effectiveness of three aldehydes (p-
hydroxybenzaldehyde, vanillin and syringaldehyde) in interrupting the Lasl/LasR QS
system of Pseudomonas aeruginosa using bioreporter strains. The aldehydes were also
combined with the antibiotic tobramycin to evaluate their ability to prevent and control
biofilms, which were characterised in terms of biomass, metabolic activity, and cell
culturability reduction. Results indicates that the aldehydes showed potential to inhibit
the 3-oxo0-C12-HSL-dependent QS system by over 80%, even at sub-inhibitory
concentrations. Moreover, the combination of the aldehydes with tobramycin resulted
in an improvement of the antibiotic biofilm prevention and disruption efficacy. In
conclusion, this study demonstrated that the tested aldehydes show promise as QS
inhibitors and enhancer agents of the antibiofilm activity of antibiotics against P.
aeruginosa.

Author Keywords. Aldehydes, antibiofilm activity, antimicrobial combination,
antimicrobial resistance, quorum sensing inhibition

1. Introduction

Bacterial resistance to antibiotics, especially when a biofilm is formed, is a major problem in the
treatment and prevention of infectious diseases. To date, there are no effective therapies for the
treatment of infections associated with biofilms (Borges, et al. 2012, Gongalves et al. 2023). Therefore,
new therapeutic alternatives are needed that aim to interact with the bacterial systems responsible
for pathogenicity/virulence. At this regard, quorum sensing (QS) mechanism is a intercellular
communication system mediated by extracellular signalling molecules called autoinducers (Ais)
(Borges et al. 2017). The main function of this phenomenon is the regulation of gene expression, which
plays an important role in the formation and maintenance of biofilms, as well as antibiotic resistance
in bacteria. The high degree of pathogenicity of Pseudomonas aeruginosa is mainly caused by QS
(Gongalves et al. 2023). Natural QS inhibitors (QSI) could represent a promising strategy for the
prevention and control of biofilms. Aldehydes are a group of secondary plant metabolites, i.e.
phytochemicals, that exhibit a broad spectrum of antibiotic activity and have excellent properties in
modulating bacterial cell-cell communication in biofilm communities (Gongalves et al. 2023). Besides,
some aldehydes are important intermediates for the production of various chemical products of
industrial value (pharmaceuticals, dyes and fragrances) (Zhang, Ke, and Zhu). It has been stated that
applying QSI can improves the antibiofilm activity of antibiotics so that lower doses can be used. In this
work, the activity of three selected aldehydes (p-hydroxybenzaldehyde, vanillin and syringaldehyde)
was evaluated for their interfering ability with the 3-oxo-C12-HSL-dependent QS system of P.
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aeruginosa (Lasl/LasR). The evaluation of aldehydes in biofilm prevention and control alone and in
combination with antibiotic tobramycin was also studied.

2. Materials and Methods
2.1 Bacterial strains, phytochemicals, and antibiotics

P. aeruginosa ATCC 10145, P. aeruginosa PA14 wild-type and P. aeruginosa PA14-R3 were used in this
study. The phytochemicals p-hydroxybenzaldehyde, vanillin, syringaldehyde and antibiotic tobramycin
were purchased from Sigma-Aldrich. The minimum inhibitory concentration (MIC) of each compound
to be tested was determined using the broth microdilution method according to (Borges et al. 2013).
In this work, each phytochemical was tested at concentrations ranging from 6.25 to 1000 pg mL™
prepared in 10% dimethyl sulfoxide (DMSO). Tobramycin was tested at subinhibitory concentrations
(0.25-1 ug mL?) prepared in water. Negative controls were performed with 10% DMSO.

2.2 QS Inhibition Screening

The evaluation of the aldehydes ability to interfere with the QS response of P. aeruginosa will be
performed using a high-throughput QS inhibition screening system based on a co-culture assay (using
biosensor P. aeruginosa PA14-R3 and P. aeruginosa PA14 wild -type) (Borges et al. 2017).

2.3 Biofilm assays

Biofilms were developed using a modified microtiter plate test (Borges et al. 2012). For biofilm
prevention assays, overnight batch cultures were grown for 24h (at 37°C and 150 rpm) in the presence
of each aldehyde (500 pg mL?) or antibiotic tobramycin (0.25-1 pg mL?), as well as a combination of
the two. Whereas for biofilm control studies, 24h pre-established biofilms were exposed to aldehydes
(at 10000 pug mL?), tobramycin (at 0.5-1 pg mL?) and combinations for 24h at 37°C with agitation (150
rpm). Then for both conditions, the biofilms were examined in terms of biomass (production/removal),
metabolic activity reduction and biofilm culturable cells quantification.

3. Results and Discussion

QSI can act at the level of synthesis, transport, and detection of the autoinducer 3-oxoC12-HSL through
competitive binding or structural modification. For example, the addition of a compound with
inhibitory activity will lead to a decrease in bioluminescence emitted by P. aeruginosa PA14-R3. A
compound that reduces bioluminescence by at least 50% without significantly affecting cell growth
(<20%) is considered a promising inhibitor (Borges et al. 2017). In this sense, the MIC of the aldehydes
for the three strains of P. aeruginosa was calculated. None of the compounds showed bacterial growth
inhibition at different concentrations tested (6.25-1000 pg mL?). Therefore, the same concentration
range was used for the QS tests. The results of the QS inhibition screen performed with sub-MICs of
the aldehydes (6.25-1000 pg mL?) are shown in Figure 1. The three aldehydes inhibited the P.
aeruginosa 3-oxo-C12-HSL dependent QS system, and the effect was dose-dependent. Vanillin was the
most effective, with an 85% reduction in bioluminescence at a concentration of 400 ug mL™, without
affecting bacterial growth. Inhibition of QS may be an important strategy to
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prevent and control biofilms and increase sensitivity to antibiotics. In this study, tobramycin (at 0.5 ug
mL?) in combination with the three selected aldehydes (500 pug mL?) displayed higher preventive
effect, in terms of both metabolic activity and biomass reduction. In turn, no effect was observed at
the level of culturable cells for all aldehydes. On the other hand, the tobramycin-aldehydes
combination was also shown to be effective in disrupting pre-established biofilms with significant
reduction of metabolic activity (about 80%). It is of note that the application of tobramycin alone (at
0.5 pg mL1) had no effect on metabolic activity. In terms of biomass removal, the application of
aldehydes individually was more effective than the combination, with the exception of syringaldehyde,
which resulted in twice the reduction compared to the antibiotic and to its individual application.
Regarding biofilm cells culturable, the application of the combination of tobramycin with either p-
hydroxybenzaldehyde or vanillin showed a higher reduction of the number of culturable cells (2.5 log
(CFU/cm?)) compared to the antibiotic alone at the same concentration.
4. Conclusions

Aldehydes seem to be promising products for anti QS strategies. These compounds have been shown
to have the potential to inhibit bacterial communication systems. This study also highlights the
potential of aldehydes to increase the susceptibility of biofilms to antibiotics. This allows the use of
lower antibiotic doses and avoids the misuse of broad-spectrum or las line antibiotics. Additionall
studies are underway to investigate the interference of selected aldehydes with other P.aeruginosa
QS systems.
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