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Ave River with an extension of ca. 90 km, is one of the most industrial impacted rivers of Portugal 

and it was already considered as a highly polluted river. Even after the construction of some 

WWTPs, the Ave River still shows high levels of pollution. The growing concern about emerging 

contaminants in the environment and their pseudo-persistence, even when present at trace 

levels demands the development of novel methodologies for the analysis of these compounds 

in aquatic matrices (Figure 1). 

 

 

 

 

 

 

 

 

 

A monitoring study was carried out in 15 sampling points of Ave River over four sampling periods 

(2016 – 2017), in order to evaluate the occurrence and frequency of 11 contaminants of 

emerging concern (CECs) included in the first Watch List of European Commission Decision 

2015/495 (Barbosa et al. 2016). Water samples were treated by solid phase extraction followed 

by multi-residue analysis on a triple quadrupole mass spectrometer instrument coupled to liquid 

chromatography (LC-MS/MS) to determine the CECs during the sampling campaigns The 

optimized mobile phase in a Kinetex™ 1.7 μm XB-C18 100 Å column (100 x 2.1 mm) was 
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Figure 1 – Occurrence of contaminants of emerging concern. Localization of Ave river. 
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methanol/water at gradient mode with a flow rate of 0.25 mL min-1. The highest recoveries for 

most target analytes were achieved with Oasis® HLB cartridges, using ethanol as conditioning 

and eluting solvent and 500 mL of water acidified samples. The method was validated as 

recommended by the international guidelines. The range of method detection limits (MDL) was 

0.01 – 2.67 ng L-1 and the method quantification limits (MQL) were between 0.03 and 8.08 ng L-

1. The identification of the compounds was performed according to European Commission 

Decision 2002/657, namely by analysing the retention time, two MS/MS transitions for each 

substance and their ion ratio. 

From the 11 studied compounds, diclofenac, 2-ethylhexyl 4-methoxycinnamate, erythromycin, 

clarithromycin, azithromycin, imidacloprid, thiamethoxam and clothianidin were detected and 

quantified in Ave River samples. Much higher concentrations were detected in the dry season 

than those found in the wet season probably due to the low river flow.(Li et al. 2015) 
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The continuous disposal of organic pollutants, including antibiotics, and bacteria of 
human/animal origin into the environment significantly contributes to the proliferation of 
antibiotic resistant bacteria and related genes (ARB&ARG). Urban wastewater treatment plants 
(WWTPs) are considered one of the main hotspots of this type of contamination. To face this 
problem, new technologies able to remove simultaneously human pathogens and organic 
micropollutants are being developed, among them, tertiary treatments such as advanced 
oxidation processes (AOPs), including H2O2 assisted photocatalysis, UV/Vis-H2O2, heterogeneous 
photocatalysis, ozonation and photo-Fenton like processes (Barbosa et al. 2016). 

In the present work, a set of solar-driven oxidation processes, namely, solar-H2O2 and 
heterogenous photocatalysis with and/or without the addition of H2O2, were investigated at 
pilot-scale for the treatment of urban wastewater samples collected after activated sludge 
biological treatment in an urban WWTP located in Southern Spain (Almeria). Degussa (Aeroxide) 
TiO2 P25 and a graphene oxide-TiO2 composite (GO-TiO2) prepared as described elsewhere 
(Pastrana-Martínez et al. 2012) were chosen as photocatalysts. Pilot-scale compound parabolic 
collector (CPC) photo-reactors (with a total illuminated volume of 14 L) were used for all the 
solar-driven processes (Rodríguez-Chueca et al. 2014). Three model contaminants widely and 
frequently found in water streams, were selected - carbamazepine (CBZ), sulfamethoxazole 
(SMX) and diclofenac (DFC). In each experiment, wastewater samples were spiked with 100 µg 
L-1 of each model micropollutant and their concentrations were measured by high performance 
liquid chromatography (HPLC-DAD). The membrane filtration method was used to quantify 
cultivable bacteria, specifically, fecal coliforms and enterococci and the respective 
subpopulations resistant to the antibiotics tetracycline and ciprofloxacin. Furthermore, the 
abundance of the genes 16S rRNA, intI1, blaTEM, qnrS, sul1, blaCTX-M and vanA was assessed based 
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on quantitative polymerase chain reaction assays (qPCR). The bacterial community was assessed 
using Illumina sequencing before and after 3-days storage at room temperature. 

Regarding the degradation of organic micropollutants, heterogeneous photocatalysis was an 
efficient process regardless of the catalyst used (P25 or GO-TiO2), leading to a complete 
degradation of SMX and DFC.  A complete removal of CBZ was only possible when H2O2 was 
added to P25 photocatalysis. Simultaneously, ARB were removed to values under the detection 
limit (1 CFU 100 mL-1). However, after 3-days storage, ARB regrowth occurred for P25 
photocatalysis, suggesting that at least some bacterial populations were only transiently 
inactivated. Regarding the removal of genes, higher removal rates for 16S rRNA, intI1, qnrS, 
blaTEM, blaCTX-M and sul1 were found in the experiments where H2O2 was used. Moreover, 
reactivation occurred for all the genes after 3-days storage when P25 was used without H2O2. 
The gene vanA was under the limit of quantification before treatment. Finally, irrespective of 
the solar treatment applied, higher relative abundance of Proteobacteria was found after 3-days 
storage, in agreement with previous studies (Becerra-Castro et al. 2016).  
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Tannins are ubiquitous natural polymers, polyphenolic secondary metabolites of higher plants, 
mainly present in soft tissues. Maritime pine (Pinus pinaster) is one of the most common trees 
in Portugal. The extraction of tannins from these vegetable residues and the subsequent 
production of tannin-based adsorbents (TBA) may constitute an important contribute for their 
reuse and valorisation. The presence of phenolic groups (anionic nature) makes them potential 
adsorbents for cationic species. However, by chemical modifications, adsorption of anionic 
species, which arsenic is an example of, can also be possible. Iron-based adsorbents have been 
identified as promising adsorbents for arsenic. Based on that, this work aimed to assess the 
arsenic removal from aqueous solutions using a lab-produced TBA, loaded with iron. 

Tannin extraction from Pinus pinaster bark was carried out in hot alkaline solution (100 g bark, 
600 mL H2O, 5 g NaOH, 85 °C, 90 min) (adapted from Sanchez-Martin (2011)). The precipitant 
recovered by evaporation was considered the tannin extract (TE). The average extractable 
content was 59 mg per g of bark.  Considering that tannins are water-soluble compounds, an 
immobilization treatment is required before their use as adsorbents. The tannin gelification 
procedure was executed at 80 °C, in alkaline medium and using formaldehyde as cross-linking 
agent (procedure adapted from Xie et al. (2013)). The resultant product was considered the 
tannin gel (TG). In order to prepare iron-loaded TG, an oxidation step was considered before 
iron-loading. The procedure of oxidation was optimized for the pine tannins. One gram of TG 
was stirred with 100 mL of 1 mol L-1 nitric acid solution at 60 °C for 30, 50 or 120 min, or 2 mol 
L-1, at 40 or 60 °C for 90 min. One gram of oxidized TG was then added to 50 mL of a saturated 
solution of FeCl3 at pH 2 and the mixture was kept under stirring at room temperature for 48 h 
(procedure adapted from Ogata et al. (2011)). The resultant product was considered the iron-
loaded TG. Non-oxidized TG was also subjected to same iron treatment. To optimize the 
oxidation conditions, a correlation between oxidation parameters and the iron content of the 
adsorbents was evaluated (Table 1). It was concluded that the oxidation step prior to the 
treatment with iron is of great importance. The optimal oxidation conditions for posterior iron 
treatment was found to be 50 min in 1 mol L-1 HNO3 at 60 °C, where a content of 24.4 ± 0.7 mg 
of iron per g of adsorbent was achieved. 

Adsorption assays were executed by stirring TG-Ox1-50-Fe (dosage: 5 g L-1) with As(III) or As(V) 
solutions (10 mg L–1) at different pH (2.5-4.5), at 20 °C for 24 h. The maximum adsorbed amounts 
were achieved at pH 3.5 for As(V) (1.8 mg g-1) and at pH 4.5 for As(III) (1.7 mg g-1). Considering 
that As(III) and As(V) are present in solution as neutral or anionic species, and considering the 
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pHPZC of the adsorbent (2.93±0.02), adsorption must be happening mostly through chemical 
interaction with iron and not through electrostatic attraction. 

 

Table 1. Iron content of several TBAs (value ± deviation between average and duplicate measurements). 

Adsorbent Oxidation conditions Iron-treatment Iron content (mg g-1) 
TG - - 0.20 ± 0.01 

TG-Fe - + 2.1 ± 0.4 
TG-Ox2-40-Fe 2 M, 90 min, 40 °C + 5.9 ± 0.1 
TG-Ox2-60-Fe 2 M, 90 min, 60 °C + 13 ± 1 
TG-Ox1-30-Fe 1 M, 30 min, 60 °C + 10 ± 1 
TG-Ox1-50-Fe 1 M, 50 min, 60 °C + 24.4 ± 0.7 

TG-Ox1-120-Fe 1 M, 120 min, 60 °C + 7.8 ± 0.2 
 

Adsorption kinetics was studied using arsenic (III or V) solutions (500 mL, 10 mg L-1) and 5.0 g of 
TG-Ox1-50-Fe, at pH 3.5 and 20 °C. Samples were retrieved at different contact times. Arsenic 
adsorption was found to be rapid with equilibrium achieved after 2 h. Equilibrium isotherms for 
As(III) and As(V) adsorption by TG-Ox1-50-Fe were obtained at pH 3.5 and 20 °C (adsorbent 
dosage: 10 g L-1 g; initial As concentrations: 1-40 mg L-1). In the experimental conditions, removal 
percentages ranged from 40 to 83 % and from 49 to 90 % for As(III) and As(V), respectively. 
According to the Langmuir model fitting (not illustrated), the maximum adsorption capacities of 
the adsorbent were 1.92 ± 0.09 and 2.3 ± 0.2 mg g-1, respectively for As(III) and As(V). These 
values fit somewhat reasonably when compared with other values reported in literature for 
unconventional adsorbents. The adsorbent also seems to have affinity towards both oxidation 
states of arsenic, making it advantageous for real scenario applications, since some arsenic-
contaminated waters, like those leached from mines, contain both trivalent and pentavalent 
species. Future work needs to be done to assess adsorption mechanism and to try to minimize 
iron leaching to the aqueous solution. 
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Photocatalysis is known to be an efficient technique used for the degradation of organic 

pollutants in water and wastewater. Phenol and its derivatives can be found in a wide range of 

industrial effluents and are known as toxic and refractory organic compounds, therefore hard 

to be reduced using conventional biological treatment processes. Being a relatively simple 

organic molecule with a very-well established photochemical behaviour, phenol is often used 

as model compound to assess catalysts’ efficiency for photocatalytic wastewater treatment 

(Sampaio et al. 2017). 

Graphitic carbon nitride, g-C3N4, is a polymeric layered material composed by C, N and some 

minor content of H, all earth abundant elements (Masih et al. 2017). Its unique electronic and 

optical properties make this a suitable material to be used as photocatalyst, in particular the 

possibility of being photo-excited with visible light (Wen et al. 2017). Moreover, the polymeric 

nature of g-C3N4 allows its easy modification seeking for enhanced photoefficiency. In the 

present work, bulk g-C3N4 was synthesized by thermal decomposition of dicyandiamide. The 

base photocatalytic g-C3N4 nanosheets were obtained by thermal exfoliation of the bulk 

material at 500 ºC (T500). Figure 1 shows TEM images of bulk (a) and thermal exfoliated g-C3N4 

(b). 

  

Figure 1. TEM images of bulk g-C3N4 (a) and T500 (b). 
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In this preliminary study, the initial substrate concentration (Fig. 2a) and photocatalyst load 

(Fig. 2b) were varied in order to optimize the reaction conditions for the photocatalytic 

degradation of phenol in aqueous media under Vis-LED irradiation (417 nm). Experiments 

using bulk g-C3N4 and commercial TiO2-P25 (the benchmark material in photocatalytic 

advanced oxidation processes for water treatment) were performed for comparison purposes 

(Fig. 2b). 

  
Figure 2. Effect of (a) initial phenol concentration using 0.5 g L−1 of T500  and (b) catalyst load for 20 
ppm of phenol. 

As the initial concentration increased, phenol removal was progressively slower, which may be 

attributed to a lower availability of active sites in the catalyst for adsorption and reaction (Fig. 

2a). It has to be noticed that even for highly concentrated solutions, phenol was totally 

removed at the end of merely 60 min of irradiation. Moreover, T500 revealed to be much 

more active than bulk g-C3N4 and TiO2-P25 (Fig. 2b), which demonstrates the enormous 

potential of this material for treating phenolic effluents using highly-efficient and low cost 

irradiation sources (Vis-LEDs). Further studies are being carried out to disclose the mechanism 

of phenol degradation under the tested conditions. 
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 The increasing consumer’s interest in natural and biological products (Aguiar et al., 2016; Carvalho 
et al., 2016) created the demand for new valuable products as well as the reformulation of others 
with new or improved functionalities (Carvalho et al.,  2016). Added-value products for cosmetic, 
personal care and food sectors need to be differentiate, which can be accomplished using 
innovative technologies such as microencapsulation (Casanova and Santos, 2016). Therefore, 
food and cosmetic industries apply microencapsulation processes mainly for the protection of 
the core material from environment degradation (e.g. heat, moisture, air and light) and the study 
of the controlled release  of compounds over time (Desai and Park, 2005). Several active 
ingredients for cosmetic applications have been studied. Some examples are antioxidants, 
essential oils, fragrances, sun filters, anti-aging molecules, moisturisers, and tanning, whitening 
or lightening agents. Depending the application intended, the active ingredient may be controlled 
released on the surface of the skin or in specific layers in the skin (Casanova and Santos, 2016). 
Moreover, active  ingredients intended for food applications can be  vitamins, enzymes, flavours, 
minerals, seasonings, or preservatives (Desai and Jin Park, 2005), being  mostly sustained released 
in human body. Essential oils are volatile and usually present low stability, since they are easily 
oxidized or decomposed in the presence of oxygen, light, enzymatic degradation, or heat, during 
processing, storage and/or utilization. Therefore, these compounds can be microencapsulated in 
order to keep their physicochemical properties. Eugenol, an essential oil, is a clear to pale yellow 
oil mainly extracted from clove, basil, nutmeg, cinnamon and bay leafs. This compound is soluble 
in water as well as in organic solvents and presents a characteristic pleasant, floral and spicy 
odour. It has been widely studied and used in cosmetic and food industries. In fact, eugenol is 
used as flavouring, antimicrobial and fragrance agent. Chemically, it is defined as a phenolic 
compound which present antibacterial, antifungal and antioxidant properties (Goñi et al., 2016) 
which also makes this compound attractive to food  and cosmetics sectors due to its preservative 
properties. There are numerous possibilities to microencapsulate compounds in order to obtain 
products with added-value. Regard microencapsulation approaches, several encapsulation 
methods are described (Dubey et al., 2009; Ghosh, 2006; Gouin, 2004), being the double 
emulsion solvent evaporation one of the most applied techniques. The water-oil-water, double 
emulsion solvent evaporation technique was never reported for eugenol microencapsulation, 
which brings originality into this work. The main advantage of using the double emulsion solvent 
evaporation is due to the not requirement of high temperatures during the process, considering 
that this compound is thermosensitive.  

Ethyl cellulose (EC) is a biocompatible polymer and one of the most studied encapsulating 
material for controlled release purposes. Two common organic solvents used in the preparation 
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of microparticles are dichloromethane (DCM) and methanol (MeOH). The use of DCM is more 
prevalent due to the fact it is able to dissolve the most common used polymers. Nevertheless, 
DCM is toxic (suspected carcinogen and mutagen) and therefore a removal step of this solvent is 
required during microencapsulation process. Usually, co-solvents may be added to the organic 
phase. Methanol is widely reported as co-solvent for microencapsulation purposes. Additionally, 
is reported that this mixture (DCM/MeOH) favors the polymer precipitation and improve the 
diffusion of the active ingredient from the internal aqueous phase to the external aqueous phase, 
allowing a better encapsulation efficiency.  

The purpose of this study is to prepare and characterize eugenol-loaded microparticles 
by double emulsion solvent evaporation technique, using EC as encapsulating material and PVA 
as surfactant, as well as to study the controlled release of eugenol from microparticles, intended 
for industrial applications. Moreover, specific aims include the validation of the analytical method 
for eugenol quantification (UV-Vis spectrophotometry), including the analysis of linearity, 
sensitivity, detection and quantification limits, as well as repeatability and intermediate precision. 
Particle size distribution, encapsulation efficiency, product yield and water content were 
determined for microparticles characterization. Additionally, controlled release studies were 
performed. The analytical methods (quantification of eugenol in ultrapure water, acid and basic 
environments) were validated. The preliminary obtained results of this study were 79%, 80% and 
67% related to encapsulation efficiency of eugenol, product yield and water content in 
microparticles, respectively.  Regard the particle size distribution, the mean diameter of the 
microparticles obtained was 153 ± 4 𝛍m (R.S.D. of 2.7%) and the SPAN obtained was 4.4 ± 0.2 
(R.S.D. of 5.5%). The controlled release studies were performed in neutral and basic mediums 
(respectively, pH 5.7 and pH 9.0) obtaining a eugenol release of 10.1% and 7.4% after 24h, 
respectively. 
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Catalytic ozonation appears as a possible technology for future water/wastewater treatment 
and reuse. Carbon materials have been employed as catalysts on their own and/or catalyst 
supports in this and several other processes. The introduction of nitrogen (N-) and sulphur (S-) 
heteroatoms affects the catalytic activity of these carbon materials (Figueiredo and Pereira 
2010, Rocha et al. 2015). In this work, the catalytic activity of N- and S- doped graphene-based 
materials was investigated for the degradation of oxalic acid by catalytic ozonation. Moreover, 
a protective layer of titanium dioxide (TiO2) nanoparticles was added on these graphene 
derivatives (doped and undoped) as an attempt to shield the carbon materials from the erosive 
attack of ozone (Yang et al. 2014). A schematic illustration of the catalytic ozonation of oxalic 
acid with GO derivatives and the GO derivatives-TiO2 (GOT) composites is represented in Figure 
1. 

Figure 1. Illustration of the catalytic ozonation of oxalic acid with (a) GO derivatives and (c) GOT 
composites, and schematic representation (b) of the GOT composites. 

Graphene oxide (GO) was prepared by the oxidation of synthetic graphite, employing the Brodie 
and modified Hummers methodologies followed by mechanical exfoliation (ultrasonication). N- 
and S- doped reduced GO (rGO) materials were produced by thermal annealing using as 
precursors ammonia gas and benzyl disulphide, respectively. GOT composites were prepared by 
liquid phase deposition (LPD) (Pastrana-Martinez et al. 2012) with ammonium 
hexaflurorotitanate (IV), boric acid and GO aqueous dispersion. The synthesized materials were 
characterized by XPS, SEM, nitrogen adsorption at 77 K, elemental analysis and TGA. The metal-
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free carbon materials exhibited a good catalytic activity in the ozonation of oxalic acid. However, 
it was observed a significant degradation of the carbon materials by ozone (Yang et al. 2014). To 
prevent the GO degradation, GOT composites were synthetized and tested in the catalytic 
ozonation of oxalic acid. The results showed that the GOT materials presented a higher stability 
under the strongly erosive ozonation conditions, since the TiO2 nanoparticles protected the GO 
nanoplatelets. The composite rGOT-H-N presented the highest oxalic acid removal (87%) and 
TOC mineralization (85%). Thus, nitrogen functionalities applied in rGOT composites prepared 
by the Hummers method improved the removal of oxalic acid using catalytic ozonation, 
comparatively to the composites obtained from the Brodie method and the undoped ones.  
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The industrial growth has brought an increase in the production of wastewaters, which need to 
be treated before being released into the aquatic environment. Some of these wastewaters 
contain highly recalcitrant and bio-toxic organic compounds, which renders infeasible the 
traditional treatment options. Wet oxidation (WO) is a process that can be used to remove these 
organic compounds from wastewaters. This process implements very high temperature and 
pressure in order to oxidize (with dissolved oxygen) the organic compounds into H2O and CO2, 
but some other by-products can also be formed (Wang, 2014). 

In this process, noble metal based catalysts and metal oxide catalysts are the most commonly 
used to reduce the operating temperature and pressure (process called catalytic wet oxidation 
– CWO). However, the cost of the noble metals and the typical deactivation observed due to the 
formation of carbonaceous deposits and leaching of the active phase are limitations to the 
implementation of this technology. Carbon materials are interesting catalysts for this application 
since they are very stable at the standard reaction conditions, cheap, generally present high 
surface areas and their chemical and textural properties can be easily optimized, improving their 
catalytic activity. In particular, carbon nanotubes (CNTs) have attracted attention due to their 
non-microporous nature, which minimizes mass transfer limitations (Ovejero, 2006). 

In this work, multi-walled carbon nanotubes (MWCNTs) were treated by ball milling, with and 
without a nitrogen precursor (melamine), to introduce nitrogen functionalities. CWO 
experiments for the degradation of phenol were performed in both batch and continuous mode. 
The influence of the reaction temperature, the dissolved oxygen concentration and the initial 
phenol concentration was evaluated in both operation modes for the most active catalyst. 
Deactivation and regeneration of the N-doped catalyst were also investigated. An experiment in 
continuous operation under intensified conditions, i.e. using a higher initial phenol 
concentration, was also performed to assess the efficiency of the catalyst under more realistic 
conditions. 

Catalyst screening experiments were performed in batch mode at 160 °C, 6 bar of oxygen partial 
pressure and an initial phenol concentration of 75 mg L-1. After 2 h of reaction, the original 
nanotubes (CNT-O) achieved 40% of phenol removal, while the N-doped nanotubes (CNT-BM-
M) achieved a phenol removal of 98 %. The different reaction parameters were then studied 
over the CNT-BM-M catalyst. Temperature was found to be the most influential parameter, an 
optimal temperature of 160 °C being determined. Higher oxygen partial pressures slightly 
increased the phenol removal, while higher initial phenol concentrations improved the 
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efficiency of the process, especially in terms of the total organic carbon (TOC) removal. 
Deactivation of the N-doped catalyst was clearly observable in the experiments performed in 
continuous mode. The deactivation was ascribed to two phenomena (Santos, 2016): (i) the 
decrease of pyridine groups during the reaction; (ii) the formation of carbonaceous deposits on 
the surface of the catalyst. Several regeneration procedure were attempted. A significant 
regeneration was achieved by thermal treatment at 600 °C under nitrogen atmosphere. An 
experiment under intensified conditions was also performed. In this experiment, an initial 
phenol concentration of 500 mg L-1 was used. The mass of catalyst was also increased in order 
to maintain the ratio “mass of catalyst/mass flow rate of phenol” constant. A phenol conversion 
of 80% and a TOC removal of 50% were achieved at near steady state over the N-doped catalyst, 
while the original catalyst only achieved 64% and 38% removals, respectively (Figure 1).  

 

 

Acknowledgments  

This work is a result of project “AIProcMat@N2020 - Advanced Industrial Processes and 
Materials for a Sustainable Northern Region of Portugal 2020”, with the reference NORTE-01-
0145-FEDER-000006, supported by Norte Portugal Regional Operational Programme (NORTE 
2020), under the Portugal 2020 Partnership Agreement, through the European Regional 
Development Fund (ERDF) and of Project POCI-01-0145-FEDER-006984 – Associate Laboratory 
LSRE-LCM funded by ERDF through COMPETE2020 - Programa Operacional Competitividade e 
Internacionalização (POCI) – and by national funds through FCT - Fundação para a Ciência e a 
Tecnologia. DS and AMTS acknowledge FCT (PD/BD/105983/2014 and IF/01501/2013, 
respectively). The authors also acknowledge Dr. Carlos M. Sá (CEMUP) for assistance with XPS 
analyses. 

References  

Wang, Jianbing, Wantao Fu, Xuwen He, Shaoxia Yang, and Wanpeng Zhu. 2014. "Catalytic Wet 
Air Oxidation of Phenol with Functionalized Carbon Materials as Catalysts: Reaction Mechanism 
and Pathway." Journal of Environmental Sciences 26, no. 8: 1741-49. 

Ovejero, G., J. L. Sotelo, M. D. Romero, A. Rodríguez, M. A. Ocaña, G. Rodríguez, and J. García. 
2006. "Multiwalled Carbon Nanotubes for Liquid-Phase Oxidation. Functionalization, 
Characterization, and Catalytic Activity." Industrial & Engineering Chemistry Research 45, no. 7: 
2206-12. 

Diogo F.M. Santos, Olívia S.G.P. Soares, Adrián M.T. Silva, José L. Figueiredo, Manuel F.R. Pereira. 
2016.” Catalytic wet oxidation of organic compounds over N-doped carbon nanotubes in batch 
and continuous operation”, Applied Catallysis B: Environmental 199 361-371.  

Figure 1. Phenol and TOC removal at near steady state the intensified reaction. 

 24



DCE17 | 2nd Doctoral Congress of Engineering  8 – 9th June, 2017 • Porto, Portugal 

Symposium on Chemical, Biological and Environmental Engineering 

 

An environmentally-friendly process to recover Cu and 
Al from a leaching solution of spent Printed Circuit 

Boards  

I.F.F Neto and H.M.V.M. Soares* 
REQUIMTE/LAQV, Chemical Engineering Dpt., Faculty of Engineering University of Porto, Porto, Portugal 

*hsoares@fe.up.pt 

Keywords: Printed circuit boards, bispicolylamine resin, Al recovery, Cu purification  

Recycling of metals from Printed Circuit Boards (PCBs) has many environmental benefits: energy 

savings; reduction of metals obtained from traditional extractive metallurgical processes and 

reduced CO2 emissions. The large percentage of Cu present in PCBs residues, usually about ten 

times more than the Cu amount present in rich-content minerals, makes these residues an 

attractive secondary source of Cu. Recovery of metals from PCBs is usually performed by 

pyrometallurgical and/or hydrometallurgical methods, combined with mechanical 

pretreatments. Hydrometallurgical processes have high metal recoveries with a flexible mode 

of operation and suitability for small scale applications (Yazici and Deveci, 2013). 

There is an urgent need for achieving environmentally sustainable methods to separate metals 

from solutions leached from PCBs. Therefore, the main aim of this work was to develop a zero 

waste process to recover Cu and Al with high purity from PCBs residues. 

From the leaching of pre-processed (crushed and roasted) PCBs, with HNO3 2 mol/L for 210´at 

50ºC, a multi-metal solution containing 78 and 85% of the total amount of Cu and Al present in 

the original residue, respectively, together with other metals, was achieved. The leached 

solution was constituted by: 66% of Cu and 28% of Al and smaller amounts of Fe, Sn, Zn, Ni and 

Ag. 

In a second step, a bispicolylamine resin (Dowex M4195TM) was used to recover Cu with high 

selectivity. A flow rate of 0.17 mL/(min.g of resin) was applied to allow maximizing Cu recovery 

(99.5% of Cu retained). Almost no Al, Fe, Sn and Zn were retained. H2SO4 4 mol/L was used as 

eluent and 96% of Cu was eluted. 

The use of the bispicolylamine resin allowed concentrating the Cu in the final solution (from 18 

to 31 mM of Cu) and enabled purifying Cu into a final Cu solution with high grade of purity 

(99.0%). 

Aluminum, which was the major constituent of the raffinate solution, was recovered by 

precipitation increasing the pH to 8.5 with NaOH 10 mol/L, and recovered as Al(OH)3 solid with 

a purity grade of 76%, being Fe and Na the major contaminants (11 and 8%, respectively). The 

filtrate solution and the water used for washing the solid of Al were the only effluents of the 

process. These effluents were composed mainly by Na ions (99.9% of the metals), which can be 

recovered in a two stages process with diffusion dialysis followed by electrodialysis for the 

removal and recovery of sodium hydroxide (Imran et al., 2016). 
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Over the last decades, pharmaceuticals like diclofenac (DCF) and 17-α-ethinylestradiol (EE2) have 
been detected in surface water and groundwater at ng L-1 to µg L-1 levels. These contaminants of 
emerging concern are not completely biodegradable and might resist to conventional wastewater 
treatments (Ribeiro et al. 2015). Heterogenous photocatalysis has been successfully applied to the 
removal of both DCF and EE2. However, most of studies employed suspended particle 
photocatalysts, requiring at some stage the separation of the material from the treated water. 
Previously, it was demonstrated how immobilization of photocatalysts in membranes circumvents 
this limitation and allows to operate in continuous mode (Pastrana-Martínez et al. 2015). Aiming 
to develop new separation strategies, in the present work, we prepared microfiltration (MF) 
membranes containing TiO2 particles, by a two-step method using polysulfone (PS) and 
polyvinylidene fluoride (PVDF). The performance of these TiO2-MF membranes was assessed in the 
photodegradation of DCF and EE2 using UV-LED radiation under continuous mode operation. 

Photocatalytic membranes were prepared following a two-step method adapted from the 
literature (Fischer et al 2015). Briefly, commercial hydrophilic PS and PVDF membranes were 
soaked in water and then, immersed in an ethanolic solution of titanium isopropoxide (2 µmol L-1) 
for 2 h under stirring. The resulting TiO2-MF membranes were washed, dried in air at 25 °C and 
finally, treated hydrothermally with water vapour at 110 °C for 2 h. The so obtained T-PS and T-
PVDF membranes were characterized by thermogravimetric analysis (TGA), physical adsorption of 
N2, scanning electron microscopy (SEM) and contact angle measurements. Their performances 
were studied in dark adsorption and UV-LED (393 nm) photocatalytic experiments with an 
aqueous solution containing ca. 300 µg L-1 of DCF and/or EE2 under recirculation mode (Qfeed = 5 
mL min-1). Product analysis was carried out by HPLC with fluorescence detection. Neat PS and 
PVDF membranes were also tested for comparison purposes. 

Following our preparation method, a homogeneous layer of TiO2 particles was assembled on the 
surface of both PS and PVDF membranes. The top surface of the PS membrane before (PS) and 
after (T-PS) TiO2 assembling is shown in Figures 1a and 1b. The amount of TiO2 on T-PS was larger 
than on T-PVDF, as confirmed by TGA. Higher BET surface areas and lower contact angles (higher 
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surface hydrophilicity) were obtained for the TiO2-MF membranes in comparison with neat 
membranes, regardless of the type of support used. The removals of both DCF and EE2 
contaminants were below 25% by simple adsorption. Photocatalysis by UV-LED irradiation 
significantly increased the conversion, reaching almost complete degradation in the case of the T-
PS membrane (Figure 1c). 

 
Figure. 1. SEM micrographs for a) neat PS and b) T-PS membranes; c) normalized DCF and EE2 
concentrations for dark adsorption experiments and UV-LED (393 nm) photocatalytic experiments. 

PVDF is a very unreactive fluorocarbon known by its inertness towards oxidation, thermal 
degradation, as well as its resistance to most acids and alkalis. These superior resistance 
properties may also be responsible by the low performance, which is most probably due to the 
adsorptive properties. 
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Lignin is a biopolymer that binds cellulose and hemicellulose in the plant cell walls 
granting its rigidity and support. Plants can have a lignin composition up to 30 % (w/w), thus 
making it the second most abundant biopolymer next to cellulose (McKendry,2002). Side 
streams from the pulp and paper industry are very rich in lignin and the common route 
employed for the valorization of these streams are the production of steam and electricity, 
making the pulp and paper industry a net seller of energy. A more noble route for the 
valorization of lignin involve its oxidative depolymerization into highly functionalized monomers 
like vanillin and syringaldehyde, among other compounds (Changzhi,2015). 

One of the aspects hindering the adoption of lignin and other biomass sources as 
platform chemical feedstock is the difficulty of separation of the compounds produced during 
the oxidative depolymerization without resorting to complex sequence of processes employing 
harmful solvents. Different approaches have been tried ranging from membranes, precipitations 
and solvent extractions or any combination of these (Mota,2016). 

In this work, an oxidation mixture containing several phenolic monomers, among other 
compounds, is treated by an adsorption process onto SP700 resin after ultrafiltration with a 
membrane with an average molecular weight cut-off of 5000 Da. This preprocessing is 
performed to remove the higher molecular weight lignin structures that were not 
depolymerized. The phenolic monomers quantified by HPLC-UV were p-hydroxybenzaldehyde, 
vanillic acid, vanillin, syringic acid syringaldehyde, acetovanillone and acetosyringone. The initial 
feed concentrations are given in Table 1. The oxidation mixture was fed for a certain period of 
time (3h) and then, the adsorbed monomers were initially desorbed with water and afterwards, 
with ethanol. The recovery, concentration and fractionation of these monomers was made with 
success.  

Table 1. Feed concentrations for the adsorption experiments performed at pH values of 9 and 11. Values 
are averages of 3 injections. 

Compound 
Concentration of feed at pH = 9 

(g/L) 
Concentration of feed at pH = 11 

(g/L) 

p-hydroxybenzaldehyde (H) 0.015 ± 0.001 0.011 ± 0.003  
vanillic acid (VA) 0.151 ± 0.006 0.153 ± 0.009 

vanillin (V) 0.114 ± 0.005 0.095 ± 0.007 
syringic acid (SA) 0.155 ± 0.008 0.155 ± 0.004 

syringaldehyde (S) 0.057 ± 0.003 0.017 ± 0.002 
acetovanillone (VO) 0.036 ± 0.002 0.037 ± 0.003 
acetosyringone (SO) 0.033 ± 0.002 0.033 ± 0.002 
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Experiments at two different pH values (9 and 11) were performed in order to 
understand the influence of the pH on the adsorption of the phenolic monomers of interest and 
take advantage of the presence of compounds in the mixture with different pKa values (Ragnar). 

Concentration histories of the experiments performed at pH 9 and 11 are presented in 
Figure 1. These experiments revealed that operating at alkaline conditions the phenolic acids 
will not be adsorbed and that operating at pH 11 has the additional advantage of separating the 
aldehydes V and S, that are mainly collected in the water desorption step, from the respective 
ketones, VO and SO, that are mainly obtained in the ethanolic fraction. Therefore, tuning the 
adsorption pH can be important to fractionate the aldehydes from the ketones during 
adsorption/desorption with a non-polar resin.  

 

 

 
Figure 1 – Adsorption and desorption normalized concentration histories of the experiments conducted 
at pH = 9 (top) and pH = 11 (bottom). Blue line – start of desorption with deionized water, red line – start 
of desorption with pure ethanol. 𝜃 = 𝑡/𝑡𝑟, 𝑡𝑟 = 540 𝑠. 𝑇 = 25℃, 𝑄𝐿 = 10 𝑚𝑙/𝑚𝑖𝑛, column of 446 x 
26 mm  and porosity of 0.37. Feed concentrations presented in Table 1.  
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Introduction 

Nowadays a great interest is devoted to the production and use of biobased products. The main 
scope of the oxypropylation process is to obtain polyols, in the form of viscous liquids, which 
can be used as co-monomers to produce polyurethanes and polyesters. Oxypropylation is a 
polymerization process that forms grafts of poly (propylene oxide), from available hydroxyls 
leading to the conversion of biomass residues into liquid polyols. Theoretically, any biomass 
residue containing hydroxyl groups (e.g. lignin, sugar beet pulp, cork, olive stone, date seed, 
rapeseed cake, etc.) can be transformed by oxypropylation into liquid polyols. 

Oxypropylation reactions are normally performed using a basic catalyst such as potassium 
hydroxide (KOH), which is also the most frequently used (Figure 1). The oxypropylation reaction 
is always accompanied by the occurrence of propylene oxide homopolymerization. The 
homopolymerization of propylene oxide takes places when some residual moisture is present in 
the reaction medium. 

 
Figure 1. Schematic representation of oxypropylation reaction 

Biomass can be directly oxypropylated, nevertheless sometimes a pre-treatment (pre-
activation) can be used. This pre-treatment increases the reactivity of the biomass by activating 
its hydroxyl groups. Pre-activation called upon KOH dissolved in ethanol that is let in contact 
with the biomass. This strategy is particularly useful when rough granulometries are used. In 
fact, the efficiency of an oxypropylation process depends on several variables, which can be 
related with the substrate nature and used oxypropylation conditions. In lignocellulosic 
biomasses, the content of each fraction (lignin, cellulose and hemicellulose) can differ, as well 
as, the crystalline organization, which may limit reagent’s access to biomass. Also, the hydroxyl 
content can vary among biomasses. In general, high values demand higher amounts of reactants, 
namely catalyst content, and more severe reaction conditions. 

In this work, and as a preliminary study to the topic of the present PhD thesis, the oxypropylation 
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process of two biomasses (almond shell and Brazilian pine fruit shell) is compared. 

Experimental 

The biomasses (almond shell and Brazilian pine fruit shell) have been characterized in what 
concerns the lignocellulosic composition and extractables using the procedures described 
elsewhere (Matos et al., 2010). In what concerns the oxypropylation process a pressure reactor 
of 450 mL equipped with a heating mantle, mechanical stirrer, thermocouple and manometer, 
was used. Three Biomass/PO ratios were tested (30/70, 20/80 and 10/90, w/v, g/ml) by using 3 
catalyst contents (5, 10 and 15%, w/w, biomass-based). The polyols were characterized in what 
concerns homopolymer content (HOMO, %(w/w)), viscosity (Pa.s, 20qC), hydroxyl number (IOH, 
mg KOH/g) and unreacted biomass(UB, w/w, biomass-based). 

Discussion and conclusions 

Comparing the two biomasses, almond shell is characterized by higher content of ashes (2.5% 
comparatively with 1.9%) and a lower content of extractables (9.2% comparatively with 14.4%). 
In fact, pine fruit shell comprises 6.3% of OH-bearing compounds (methanol extractables) and 
7.5% of more polar substances (water extractables). Concerning the lignocellulosic composition 
(cellulose, hemicellulose and lignin), the almond shell comprises 54.8% of holocellulose (39.0% 
of cellulose and 15.8% of hemicellulose), and 45.2% of lignin. For the pine fruit shell, the total 
amount of holocellulose was 52.7% (34.9% of cellulose and 17.8 % of hemicellulose). For this 
material lignin accounts with 47.3%. 

Figure 2 presents the results obtained for the produced polyols in terms of HOMO, IOH and UB. 
The viscosity results reveled, in general, very high values for the pine fruit shell-based polyols, 
when compared with their homologues obtained with almond shell. In particular, for the pine-
fruit shell-based polyols, the series 30/70 gives values over 500 Pa.s, as well as, the polyol 
20/80/5. For this last polyol, also an apparently abnormal high UB was obtained, as well as for 
the pine-fruit shell-based polyols of the series 30/70. These differences are hard to be explained 
solely in terms of lignocellulosic composition. To get further insights, SEM and TEM analysis are 
being carried out to inspect morphology and crystallinity of the two studied biomasses. 

 
Figure 2. Polyols characterisation: A-Hydroxyl number; B-Unreacted Biomass; C-Homopolymer content. 
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Introduction 

Rice is the second most produced cereal worldwide, generating high amounts of wastes, 
especially rice husk (RH), rice straw (RS) and polyethylene (PE) from plastic bags. Due to their 
interesting calorific value, these wastes can be submitted to thermal processes, such as 
pyrolysis, in order to generate energy carriers (mainly, gas and bio-oils). The chars (solid fraction) 
generated by pyrolysis are seen as by-products, and their use to produce high-performance 
adsorbents is being tested to substitute the commercial activated carbons (CAC), which are 
more costly and less environmental sustainable (Cha et al., 2016). On the other hand, chromium 
is one of the most economically valuable raw materials for Europe; its recovery from liquid 
effluents is a priority for EU (European Comission, 2014). The main aim of this work is to recover 
Cr(III) from aqueous media by using activated carbons (AC) produced from chars obtained from 
the pyrolysis of rice wastes. 

Material and Methods 

A blend of 50% RH + 50% PE (w/w) was pyrolysed at 390 ᵒC, 6 bar, for 35 min. The pyrolysis char 
(PC) was separated from the liquid fraction through settling and was further extracted with 
hexane (hexane/char ratio: 17 mL g-1), for 3 h, in a Soxhlet apparatus. 

PC was up-graded to improve its adsorptive capacity through the following two processes: (1) 
Physical activation (p-PC) – it was performed in a quartz reactor, heated-up in an electric vertical 
tube furnace at 800 ᵒC, for 4 h, under 150 cm3 min−1 CO2 flow; (2) Physical activation and 
chemical treatment (pc-PC) – the physical activation was followed by a treatment with HNO3 (13 
M) under a solid to liquid (S/L) ratio of 50 g L-1, in a silicone bath at 90 ᵒC, for 6 h. The acid 
activated carbon obtained was then washed with distilled water until stable pH and dried at 
100 ᵒC overnight. For comparison purposes, a commercial activated carbon (CAC) was also 
chemically treated under the same conditions(c-CAC). 

Cr(III) adsorption assays were performed in a roller-table agitator, at 150 rpm, for 24 h. The 
Cr(III) starting solution was of 70 mg Cr(III) L-1 and an initial pH of 4.5. Solid/liquid ratios (S/L) of 
5 and 10 g L-1 were used. The samples were then filtered with cellulose nitrate membranes (0.45 
µm); the final pH values were measured and Cr concentrations were quantified by ICP-AES. 
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Results and Discussion 

Above a pH of 5, Cr(III) removal is ruled by precipitation. Bellow a pH of 5 Cr(III) removal is ruled 
by adsorption. So the final pH of each assay is crucial to understand which process occurred. 

Figure 1 shows the results of (a) Cr(III) removal percentage and (b) uptake capacity (qe) in the 
adsorption assays (bars), as well as the final pH values in each assay (dots). 

 
Figure 1. Cr(III) removal (a) and uptake capacity (b) for each activated carbon, 

and final pH values in each adsorption assay (S/L ratio expressed in g L-1). 

For the AC p-PC, only submitted to physical activation, Cr(III) removal was lower than for CAC at 
S/L 5 g L-1 (29.7% and 40.9%, respectively). In both cases adsorption ruled (pH<5). At S/L 10 g L-

1, both AC removed almost 100% Cr(III), because precipitation occurred (pH>5). Cr(III) uptake 
capacity reflected these same tendencies. For S/L 10 g L-1, both AC removed more than the 
double of Cr(III) when compared to S/L 5 g L-1. This was more significant for p-PC, for which qe 
increased from 3.89 mg Cr(III) g-1 at S/L 5 g L-1 to 6.53 mg Cr(III) g-1 at S/L 10 g L-1. 

For the activated carbons submitted to physical activation followed by chemical treatment (pc-
PC and c-CAC), no precipitation occurred (pH<5). For these AC, adsorption was the main process 
ruling Cr(III) removal. The results for both AC were very similar; at S/L 5 g L-1, both AC removed 
ca. 50% Cr(III), while at S/L 10 g L-1 the removal percentage increased to ca. 70%. The uptake 
capacity, qe, was higher at S/L 5 g L-1 than for S/L 10 g L-1 for both AC, meaning that doubling the 
mass of these AC cannot be an advantage for Cr(III) uptake. qe achieved the highest value for pc-
PC, being comparable to the adsorption assays in which Cr(III) was almost completely removed 
due to chemical precipitation. 

Conclusions 

The uptake capacity of p-PC, at S/L 5 g L-1, was lower than for CAC. However, when the mass was 
doubled (S/L 10 g L-1), its behaviour was similar to CAC, due to Cr(III) chemical precipitation. 

The physical activation followed by chemical treatment improved the adsorption capacity of 
both AC, and reduced the removal through precipitation. pc-PC showed a similar behaviour to 
chemically treated CAC, being a promising alternative for further studies on Cr(III) removal, 
namely under continuous-flow conditions and using real liquid effluents. 
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The incidence of Alzheimer’s disease (AD), a neurodegenerative disease, is promoted by the 
increase of the age. This disease affects the memory and other cognitive functions with sufficient 
intensity to produce functional losses, and it is the most common cause of dementia in the 
elderly (Brookmeyer et al. 2007). The neuropathological characteristics of AD include 
extracellular senile plaques, which consist of deposits of amyloid beta-peptide (Aβ) and 
neurofibrillar tangles that are formed by hyperphosphorilation and abnormal deposition of tau 
protein (Clippingdale, Wade, and Barrow 2001; Klafki et al. 2006; Selkoe 2001). Protein 
misfolding or partially folded structure is responsible for the fibrillation of various amyloidogenic 
proteins/peptides (Ahn et al. 2007). Thus, it is essential to find molecules that prevent or 
interrupt the aggregation of proteins. 

Various natural compounds have been suggested as therapeutics for AD. Among these 
compounds, gallic acid (GA) arouses great interest. GA is a type of phenolic acid that can improve 
spatial learning and memory impairment due to their antioxidant (Mansouri et al. 2013) and 
anti-inflammatory properties (Kim et al. 2011). Moreover, GA inhibits the fibril formation and 
Aβ oligomerization (Liu et al. 2013; Valizadeh et al. 2012). 

This work aims the systematic study of the biophysical interactions of GA with membrane 
models of different lipid composition. Liposomes of 1,2-dimyristoyl-sn-glycero-3-
phosphocholine (DMPC) with and without cholesterol (CHOL) were used as mimetic models of 
human cell membranes to evaluate the GA membrane partition.  

The GA lipophilicity was evaluated by spectroscopic methods, which enabled the determination 
of the partition coefficient (Kp). The results of derivative spectrophotometry indicate that GA 
has a Kp of 2377 ± 91 in absence of cholesterol and 1321 ± 162 in your presence, at 37℃. The 
high partition values reveal a strong interaction between GA and the membrane models 
whereby and that GA is able to be incorporated into DMPC liposome model systems. Moreover, 
these results suggests that GA has greater affinity for the DMPC bilayers than for DMPC:CHOL 
[5.67:1] membrane models. CHOL plays the essential function of regulating the physical 
properties of the cell membrane as it controls the lipid organization and phase behavior, and 
regulates the membrane fluidity and its mechanical strength (Pan et al. 2008; Rog et al. 2009). 
From the molecular perspective, CHOL is considered to produce a condensing effect and induce 
ordering to fluid phase lipids, which results in decreasing the Kp (Rog et al. 2009; Hung et al. 
2007). 
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Glioblastoma multiform is the most common primary brain cancer and presents high morbidity 
and mortality. Its classical treatment consists of combination of surgery, radiation and 
chemotherapy with temozolomide, an alkylating agent (Morais et al. 2015). However, in these 
aggressive tumours, this treatment is rarely successfully curative, due to this tumour high 
resistance to therapy and low drug bioavailability in tumour tissue, due to the inability of most 
molecules to cross the blood-brain barrier (BBB) (van Tellingen et al. 2015). Therefore, new 
therapeutic strategies, as specific drug delivery systems, must be developed to overcome those 
limitations. In this work, temozolomide was encapsulated in liposomes. Liposomes with 
controlled sizes and properties were prepared by the lipid film hydration method. After 
synthesis, the liposomes were physicochemically characterized in terms of size, shape and zeta 
potential. The attained systems for temozolomide delivery showed mean diameters of 
approximately 80 nm and remained stable at storage conditions for several weeks. Two different 
phospholipids, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPC) and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[amino(polyethylene glycol)-2000] (DSPE-PEG), were used, as different lipid/lipid and lipid/drug 
ratios, to optimize the encapsulation efficiency values. Liposomes failed to encapsulate 
temozolomide when DSPC was used in the formulation, due to the amphipathic nature and small 
size of temozolomide, being able to escape the bilayer. The efficiency encapsulation values 
reached a maximum of 36% when using POPC due to the differences in the packing geometry of 
the hydrophobic carbon chains among DSPC and POPC. Since POPC exhibits an unsaturated 
double bond, the lipids packaging is hindered leading to an increased membrane fluidity, 
allowing a higher drug encapsulation in the bilayer. Also, variations on the cholesterol content 
showed an influence on the fluid state of the phospholipid bilayer, resulting in variations of the 
encapsulation efficiency values as shown in table 1.  

Table 1. Encapsulation efficiency (EE) values of the prepared POPC liposomes. 

Lipids Lipids molar ratio Lipids:drug ratio Drug phase EE% 
POPC:Chol:DSPE-PEG 52:45:3 10:1 Aqueous 25 
POPC:Chol:DSPE-PEG 87:10:3 10:1 Aqueous 30 
POPC:Chol:DSPE-PEG 87:10:3 2:1 Aqueous 33 
POPC:Chol:DSPE-PEG 87:10:3 2:1 Aqueous with 10% DMSO 36 

 

The attained results showed the developed POPC liposomes are suitable for temozolomide 
encapsulation. Though, further studies are required to conclude whether the nanoformulation 
is able to improve its therapeutic efficacy.  
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Preparation of ceramic membrane and its potential in wastewaters treatment 

A novel tubular configured ceramic membrane fabricated using an  inexpensive raw materials 
(ball clay, kaolin, feldspar, quartz, pyrophyllite and calcium carbonate) by extrusion technique. 
The properties of  the prepared membrane were porosity 53%, water permeability 5.93×10‐7 
m3/m2s kPa, average pore size 0.309 μm and mechanical strength 12 MPa. Furthermore, the 
manufacturing cost of the acquired membrane is estimated to be $0.5 (or 69 $/m2). In order to 
explore the potential application of this novel tubular membrane, treatment of two different 
type of wastewater, viz. synthetic oily and  local dairy wastewater was studied. The effect of 
various process conditions, namely applied pressure, feed concentration and cross flow rate was 
examined on the wastewater  treatment efficiency. An  increase  in both applied pressure and 
cross  flow  rate on  the  treatment process  reduced  the percentage  rejection of oil  in  the oily 
wastewater and chemical oxygen demand (COD) removal from the dairy wastewater. An applied 
pressure of 69 kPa was found to be the best for achieving the highest rejection (99.98%) of oily 
wastewater with a permeate flux of 3.16×10‐5 m3/m2s. A maximum COD reduction of up to 91% 
in the membrane permeate stream with a flux of 2.59×10‐6 m3/m2s was achieved for treating 
the dairy wastewater.  

Fabrication of zeolite‐ceramic composite membranes 

The novel  low  cost  tubular  ceramic membrane was  further used as a  support  for preparing 
Faujasite (FAU) and Mordenite framework inverted (MFI) type zeolite membranes following the 
hydrothermal treatment method. Solution containing a mixture of silicate and aluminate with 
molar  composition  of  70Na2O:Al2O3:20SiO2:2000H2O  was  used  to  create  a  FAU  zeolite 
separation layer on the support under hydrothermal condition in Teflon made autoclave reactor 
operated at 75°C for 12 h. For MFI zeolite layer formation on the porous support, hydrothermal 
solution  prepared  using  silicate  solution  with  a  gel  composition  of 
100SiO2:5(TPA)2O:5.3Na2O:1420H2O, was subjected to hydrothermal treatment at 185°C for 4 
h. To eliminate the template (TPAOH) from the zeolite channels, the membrane was calcined at 
400°C for 5 h in an air atmosphere. XRD analysis of the FAU zeolite membrane revealed a peak 
at 2θ value of 12.40 confirming the highly pure and crystal nature of the material (Huang 2012). 
Similarly, the distinctive peaks obtained at the 2θ value of 7.5 and 23.5 for MFI zeolite powder 
revealed  its high purity  (Wegner 1999).   The  reduction  in  the porosity, pore  size and water 
permeability, and an increase in weight of the membranes as compared to those in the support 
confirmed  the  incorporation  of  the  zeolite  layers  on  the  ceramic  support  by  hydrothermal 
treatment.  
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Separation of chromium and BSA protein 

The separation efficiency of FAU and MFI type zeolite membranes supported on the  low cost 
tubular ceramic support was evaluated for chromium removal from aqueous solution. The effect 
of various process parameters, such as applied pressure,  initial  feed concentration and cross 
flow rate on permeate flux and chromium removal efficiency by the composite membrane was 
studied. Results showed  that chromium removal efficiency  increased with an  increase  in  the 
applied  pressure  and  feed  concentration.  On  the  other  hand,  chromium  removal  reduced 
slightly with an  increase  in  the cross  flow  rate  for both  the zeolite membranes. A maximum 
chromium removal of 82% and 78% is obtained with FAU and MFI membrane, respectively, at 
345 kPa  applied pressure, 1000 ppm initial feed concentration and unadjusted solution pH 2.35. 
These novel membranes showed excellent performance in the removal of chromium with 1 to 
6 order higher fluxes than other membranes reported in the literature for chromium removal. 
The FAU and MFI  type  zeolite membranes were  further  tested  for  the  separation of bovine 
serum  albumin  (BSA)  protein  from  aqueous  solution  followed  by  optimization  of  critical 
parameters of  the microfiltration system using  response surface methodology  (RSM) and bi‐
objective genetic algorithm  (GA) approaches. The optimum  levels of these variables are: 100 
ppm  BSA  concentration,  solution  pH  2  and  applied  pressure  276  kPa.  At  these  optimum 
conditions of the process parameters, a higher permeate  flux and BSA  rejection of 2.66×10‐5 
m3/m2s and 88%  respectively, were obtained  for  the FAU membrane.  In  case using  the MFI 
membrane, these values were 4.63×10‐5 m3/m2s and 82%, respectively.  

Major findings and conclusions 

To minimize membrane  fabrication  cost  and make  process more  commercially  attractive,  a 
prototype  novel  low  cost  tubular  ceramic  membrane  with  excellent  characteristics  was 
effectively fabricated. The elaborated membrane was highly fulfilled in oily wastewater as well 
as dairy wastewater. The obtained rejection values for both these wastewaters were well within 
the permissible limits for wastewater discharge into the environment. FAU and MFI type zeolite 
membranes were effectively fabricated on low cost porous tubular ceramic substrate with good 
properties  by  hydrothermal  synthesis  technique.  Potential  of  the  prepared  FAU  &  MFI 
membrane  investigated by chromium and BSA separation. Separation efficiency of the FAU & 
MFI  zeolite  membrane  exhibited  better  separation  efficiency  than  others  reported  in  the 
literatures.  Owing  to  its  high  removal  efficiency  and  low  synthesis  temperature,  and  no 
requirement of calcinations step for its preparation. In addition to the excellent properties and 
performance of the novel  low cost tubular membrane, the use of simple fabrication method, 
reduced sintering  temperature and  inexpensive  raw materials used  for  its  fabrication clearly 
establish  its potential  large scale  liquid phase separation applications as compared with high 
cost commercial α‐ alumina, zirconia and titania based microfiltration membranes. 
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The exponential population growth, the substantial improvement of their living conditions and 
daily needs have inevitably entailed problems regarding emergent waste production. This has 
become a global concern, waste management being in the spotlight as strongly evidenced by 
the rising number of field-related published literature (Chen, Jiang et al. 2015). This study 
assesses the environmental impact of the energetic valorisation process in a Portuguese 
incineration facility with electricity production. The environmental evaluation was performed 
modelling data for 2015 into environmental impact categories by means of a dedicated life cycle 
assessment (LCA) software. A well-defined frontier was set for the system, with a functional unit 
of 1ton of MSW. The LCA methodology followed was CML 2001, and the selected impact 
categories were: global warming potential (GWP), acidification potential (AP), eutrophication 
potential (EP), abiotic depletion potential (ADP), human toxicity potential (HTP), freshwater 
aquatic ecotoxicity potential (FAETP), marine aquatic ecotoxicity potential (MAETP) and 
terrestric ecotoxicity potential (TETP). The main processes in MSW energetic valorisation are 
incineration, flue gas treatment and ash inertization (Figure 1). 

 

Figure 1. Schematics of the energetic recovery plant with electricity production. 

To verify the environmental contribution given by the electricity production, a hypothetical 
scenario with no energy production was settled, bypassing the electricity transfer process. As 
expected the scenario with electricity production performed better, presenting negative values 
for all the impact categories. This supports the alleviation of the environmental injury caused by 
some of the processes involved in this waste treatment technology, as well as savings on 
material resources and avoidance of emissions to environmental compartments (Morselli, 
Bartoli et al. 2005, Hong, Li et al. 2010, Parkes, Lettieri et al. 2015).  
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Comparing the results for the environmental impact categories of this assessment to the 
international panorama, similar values for the total contribution of AP (Jeswani and Azapagic 
2016), EP (Gunamantha and Sarto 2012, Jeswani and Azapagic 2016) and ADP (fossil) 
(Fernández-Nava, del Río et al. 2014, Menikpura, Sang-Arun et al. 2016) were reported. 
Nevertheless, enhanced results for GWP (Toniolo, Mazzi et al. 2014, Jeswani and Azapagic 2016), 
ecotoxicity (Hong, Li et al. 2010, Toniolo, Mazzi et al. 2014) and HTP (Bueno, Latasa et al. 2015, 
Jeswani and Azapagic 2016) were herein registered. This absolute sustainable situation grants 
this Portuguese plant a solid position amongst the concurrent results and validates the LCA 
approach methodology as a favourable and reproducible procedure to take into account when 
evaluating environmental profiles for waste management scenarios. 
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Introduction  

Fossil fuels, one of the most common sources of energy, have a significant impact in the 
environment, resulting in considerable climate changes (Ozin 2015). Nowadays, new 
photocatalytic technologies are being developed to transform renewable energy (i.e solar light) 
to chemical fuels and products, such as carbon dioxide reduction (Dhakshinamoorthy et al. 
2012). Selecting an efficient semiconductor is a hard task mainly due to the limited selectivity, 
recombination of photo-generated charge carriers and and the poor light-harvesting ability (Ola 
and Maroto-Valer 2015, Sun and Wang 2014). To outcome this limitation, the coupling of a main 
semiconductor with graphene or its derivatives (e.g., graphene oxide, GO and reduced graphene 
oxide, rGO) may create a synergistic effect that can improve the overall process efficiency (Sun 
and Wang 2014, Pastrana-Martínez et al. 2016). 
In the present work a series of composites (rGO-TiO2 or rGO-CdS) with graphene-based materials 
and titanium dioxide or cadmium sulphide were prepared with different rGO loadings (1.5, 3.0 

and 6.0 wt.%) and applied to the photoreduction of CO2 with water using near UV-Vis (λ t 366 
nm) radiation. The photocatalytic runs were carried out in a cylindrical glass immersion photo-
reactor (200 mL) with a Heraeus TQ 150 medium-pressure mercury vapor lamp located axially 
in the reactor and held in a quartz immersion tube. The analysis of CO2 and reaction products 
was carried out by gas chromatography (Agilent 7890A GC). The effect of different parameters 
(such as, pH, reaction temperature and solvent properties), as well as important scientific 
aspects of the photocatalytic mechanism for graphene based composites, were investigated in 
detail. 

Results and discussion 

Results showed that the presence of graphene derivatives in the graphene-based semiconductor 

composites increased their absorption in the visible spectral range and enhanced the CO2 

photoreduction in aqueous phase. Liquid solar fuels such as methanol (MeOH) and ethanol 

(EtOH) were the main products under UV-Vis light irradiation. SEM images revealed that when 

3.0 wt.% rGO is introduced, the semiconductor nanoparticles are assembled uniformly on the 

surface of rGO (not shown). The pH of the aqueous medium was identified as the key variable 

in the product distribution. The synthesized rGO-TiO2 composites containing 3.0 wt.% rGO 

revealed high photocatalytic activity for both MeOH and EtOH production at the initial solution 

pH of 4.0 and 11.0, respectively, exceeding that of the benchmark P25 photocatalyst. The 
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addition of rGO to the CdS-rGO composites up to 3.0 wt.% leads to higher CO2 conversion than 

that observed for the bare CdS material (Figure 1) at natural pH. This superior performance was 

attributed to the synergistic interaction encompassing both interfacial electron-transfer 

between the two constituent phases, as well as to the lower band-gap energy and maybe to the 

quenching of photoluminescence. 
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Abstract 

The direct methanol fuel cells (DMFCs) have been the target of several studies due to its high 
potential of implementation in portable applications. However, the use of methanol as fuel has 
some disadvantages and thus ethanol appears as an alternative and more attractive fuel. 
Ethanol is less toxic and has higher energy density than methanol and can be obtained from 
renewable sources. Nevertheless, the performance of direct ethanol fuel cells (DEFCs) is lower 
than the DMFCs due to the sluggish ethanol electrochemical oxidation. To combine the 
advantages of both fuels, a mixture of methanol and ethanol for two different concentrations 
and different ethanol and methanol volume ratios were tested in a direct alcohol fuel cell (DAFC) 
towards its optimization. In this work, electrochemical impedance spectroscopy (EIS) 
measurements were carried out to identify and quantify the different losses affecting the DAFC 
performance (activation, ohmic and mass transfer losses). 

Introduction 

In recent years, the demand for efficient, renewable and sustainable energy sources has been 
increasing in order to obtain a more diverse use of portable power devices. Direct alcohol fuel 
cells (DAFCs) appear as a power solution with potential since they offer high energy densities 
and use liquids as fuel. Direct methanol fuel cells (DMFCs) have been developed and optimized 
in the last years. However, the use of methanol presents some disadvantages, based on its 
toxicity, volatility and inflammability. Therefore, ethanol emerges as an alternative and 
promising fuel due to its non-toxicity, natural availability, renewability and higher power 
densities (Badwal et al. 2015). 
In direct alcohol fuel cells (DAFCs), part of the fuel (methanol or ethanol) fed to the anode 
permeates through the membrane to the cathode side without being oxidized, due to the 
concentration gradient between the anode and the cathode, leading to a decrease of the cell 
performance. Ethanol appears as an attractive fuel to minimize that, since ethanol has low 
permeation rates mainly due to its larger molecular size (Badwal et al. 2015). Despite that, the 
performance of the direct ethanol fuel cells is lower that the DMFCs since the electrochemical 
ethanol oxidation reaction is slower than the methanol one, due to the difficulty of breaking the 
carbon-carbon bond, resulting in higher anodic overpotentials. In order to take the advantages 
of both fuels, the use of aqueous solutions with different methanol and ethanol ratios on the 
anode side of DAFCs have been proposed and tested (Wongyao et al. 2011).  

 45



DCEDCEDCEDCE17171717 | 2nd Doctoral Congress of Engineering  8 – 9th June, 2017 • Porto, Portugal 

Symposium on Chemical, Biological and Environmental Engineering 
 

Electrochemical impedance spectroscopy (EIS), a diagnostic tool that has been widely used in 
studying the electrochemical systems, has been, also, applied by the researchers in the PEM fuel 
cell field (Yuan et al. 2007). EIS is a method used to perform the diagnose of the fuel cell 
performance since it allows to identify and quantify separately the individual contributions of 
each component and process, particularly, it allows the identification and quantification of the 
activation, charge and mass transfer losses (Mallick et al. 2016).  

Materials and Methods 

In the experiments, a passive DAFC with an open area of 10.2 cm2 was operated at atmospheric 
pressure and the temperature was monitored and set near ambient conditions, 25°C. Aqueous 
ethanol and methanol solutions were fed to the anode at two different concentrations (2 M and 
3 M) and different volume ratios of ethanol in the solution were tested (25 %, 50 %, 75 % and 
100 %) in order to analyze the effect of the ethanol concentration on the fuel cell power density. 
Towards a cost reduction, a Nafion 117 membrane with a lower catalyst loading on the anode 
and cathode electrodes was used. The catalyst used at the anode side was Pt/Ru black with a 
loading of 3 mg/cm2 and Pt black with a loading of 1.1-1.4 mg/cm2 was used at the cathode. 
The experimental tests were performed with a commercial fuel cell test station (Zahner Elektrik 
GmbH &Co. kG) and the effect of the ethanol concentration on the DAFC power output was 
evaluated through the polarization curves performed galvanostatically and from the EIS 
measurements. These measurements were carried out on potentiostac mode with an amplitude 
of 10 mV and a frequency range from 0.01 Hz to 100 kHz. These results were further fitted to an 
equivalent electric circuit to estimate the different losses that affect the cell performance 
(activation, ohmic and mass transfer losses).  
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An important process in petrochemical industry is the octane upgrading of gasoline by the 
separation of paraffin isomers in the range C5/C6. The gasoline obtained from crude oil has a 
high fraction of linear and monobranched alkanes, which must be converted into isomers with 
high degree of ramification to improve the research octane number (RON) (Ferreira et al. 
2013). 

The RON is one of the parameters of gasoline quality and as higher its value, better is the 
combustion, reducing the tendency of a rapid and inefficient detonation of the hydrocarbons. 
In other words, the combustion occurs like a smooth explosion, improving the performance of 
the motor (Mendes et al. 2014). 

The separation of n/iso-paraffins is actually realized by the Total Isomerization Process (TIP), 
which consist in performing the isomerization of normal paraffins, with low levels of RON to 
mono or di-branched isomers, and then, the paraffins with a high octane degree are separated 
from the others (Peralta et al. 2012). The research octane number increase as the branching 
degree of the paraffin increases.  

In this way, the objective of this work is to study the separation of hexane isomers using a 
Metal Organic Framework (MOF) i.e. ZIF-8 (Zeolitic Imidazolate Framework) to improve the 
octane rating of gasoline in TIP processes. The MOF ZIF-8 shows chemical and thermal 
robustness and its structure consist of a cubic arrangement with 8 sodalite cages in the corner 
(Park et al. 2006). 

In this work, several studies of the adsorption of hexane isomers on ZIF-8 were performed, 
with an equimolar mixture of: n-hexane (n-HEX), 2,2-dymethilbutane (22DMB), 2,3-
dymethilbutane (23DMB), 3-methylpentane (3MP) and 2-methypentane. During those 
experiments the temperatures and hydrocarbon pressure covers temperatures 373, 423 and 
473 K and pressure range 2-10 kPa. Figure 1 shows a typical breakthrough curves for the C6 
isomers at hydrocarbon pressure 5 kPa and temperature at 373 K. 
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Figure 1 show that ZIF-8 is capable to perform the kinetic separation of hexane isomers in 
different classes, where the sorption hierarchy is: nHEX>>>2MP>3MP>>23DMB>22DMB. It 
is also being developed a numerical package using the Method of Lines (MOL) (Schiesser 
and Griffiths 2009) in MATLAB code to simulate the breakthrough-curves experiments.  

From this work, it can be concluded that ZIF-8 can be an efficient separator of hexane 
isomers in classes: linear>monobrached>dibranched paraffins, with a high impact in the 
upgrading of actual TIP processes in petrochemical industry. 
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Abstract 

One of the main goals of the pharmaceutical industry nowadays is to have more safe and 
efficient drugs, mainly by obtaining single enantiomers and stereoisomers. Nadolol is a 
nonselective beta-adrenergic receptor antagonist (b-blocker) pharmaceutical drug, still 
commercially used as a racemic pharmaceutical drug. 

The main objective of this work is to study the chiral separation of nadolol stereoisomers by 
simulated moving bed (SMB) chromatography and to optimize its preparative scale separation 
using an immobilized chiral stationary phase (Chiralpak® IA), particularly to obtain the more 
retained stereoisomer, referred as the most active, separated from the other three nadolol 
stereoisomers. 

The screening of the solvent composition is carried out to find the best solvent or solvent 
mixtures to perform the pseudo-binary separation (1+2+3/4) of the more retained 
stereoisomer using SMB technology: the three least retained components (1, 2 and 3) to be co-
eluted in the raffinate, while the more retained component (4) to be eluted pure in the extract 
outlet stream. 

Different mobile phases were identified as promising solvents for the (1+2+3)/4 pseudo-binary 
preparative separation, using ethanol, methanol, heptane, acetonitrile and tetrahydrofuran 
mixtures and compositions. 

This work presents a comparison of two preparative pseudo-binary separations of nadolol 
stereoisomers using two different mobile phase compositions: the 100:0.1 methanol-
diethylamine and the 25:75:0.1 methanol-acetonitrile-diethylamine. 

The use of pure methanol presents good selectivity between the trio 1+2+3 and the more 
retained component 4. Nevertheless, its use seems to introduce significant retention and a 
non-linear adsorption behaviour for the more retained component; this can be a drawback at 
preparative scale. The use of methanol with acetonitrile significantly decreases the non-linear 
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behaviour, together with a decrease on the retention of the more retained component and, 
consequently, also a decrease on the selectivity for the (1+2+3)/4 pseudo-binary separation is 
observed. So, if the loss in selectivity is not significant, the methanol-acetonitrile mixture can 
be a promising solvent to perform the SMB separation of nadolol stereoisomers. 

The comparative study was carried out at different levels, including elution chromatography, 
adsorption isotherms measurements, breakthrough experiments, and simulated moving bed 
operation. The SMB separations were carried out on a laboratory scale unit, the FlexSMB-
LSRE® [1], equipped with six Chiralpak® IA chromatographic columns. 

Using pure methanol as solvent and a 2 g/L total feed concentration, a 100% pure extract was 
obtained, with a productivity of 0.58 gtarget product/(Lbed.hr) and a solvent consumption of 15.8 
Lsolvent/gtarget product [2]. Using the same feed concentration, a second SMB run was performed 
using the methanol-acetonitrile mixture. For this mixture, an improvement in the performance 
parameters was observed: the more retained stereoisomer was 100% pure recovered at the 
extract outlet stream, with a system productivity of 0.77 gtarget product/(Lbed.hr) and a solvent 
consumption of 9.43 Lsolvent/gtarget product. 

This study shows that the 25:75 methanol-acetonitrile mixture is a good alternative to pure 
methanol for the SMB separation of the more retained nadolol stereoisomer, using a 
Chiralpak® IA chiral stationary phase. 
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Calcium oxide (CaO) derived from waste shells of egg, oyster and clam was synthesized and 
explored as biodiesel production catalyst. Eggshell was subjected to ultrasound irradiation 
technique and the mollusk shells were subjected to hydration–dehydration cycles to increase 
the surface area of CaO and improve its catalytic activity. The catalysts were characterized by 
XRD, TPD-CO2, TG-DSC, DLS and N2 adsorption, while the catalytic activity for the methanolysis 
of soybean oil was evaluated as the maximum reaction rate value (rmax). Two cycles of hydration-
dehydration with oyster shell derived CaO provided the maximum values of BET surface area 
(26.4 m2 g-1) and transesterification rate of this work, the latter was almost 3 times that of the 
untreated CaO. New considerations for the kinetic of heterogeneous catalysis were proposed 
and validated in this work. 

Scope  

Heterogeneous basic catalysts have been widely studied as alternative to reduce the cost and 
the environmental pollution of biodiesel production process. Test results have indicated the 
good catalytic performance of CaO, an alkaline oxide generally produced by thermal 
decomposition of calcium carbonate (CaCO3). Its main drawback is the long reaction time 
required, which is due to the low basicity and low surface area (Chouhan and Sarma 2011; Viriya-
Empikul et al. 2010). In this study, ultrasound irradiation technique was tested with eggshell to 
reduce the particle size, and hydration-dehydration cycles were tested with oyster and clam 
shells to develop porosity. A kinetic model based on the Eley-Rideal mechanism was proposed 
to describe the transesterification catalyzed by resulted CaO. 

Powdered CaO was obtained by ball milling and calcination (900 °C, 4 h, N2 flow) of egg, oyster 
and clam shells. The eggshell samples (EULTn) were subjected to ultrasound irradiation for n 
hours (n = 0,1,3,5,7). The oyster and clam shells samples were subjected to 5 hydration-
dehydration cycles. In the hydration step, the CaO remains in suspension in water for 4 h. In the 
dehydration step, the product is dried at 120 °C and calcined, closing the cycle. The catalyst 
activity was evaluated as the rmax value. The experiments carried out in a batch reactor.  

Results and Discussion 

According to DLS analysis, the average particle diameter of eggshell derived catalyst just milled 
(EULT0) was 101 nm and decreased with increasing the ultrasound irradiation time up 5 h of 
proceeding. However, the average size of the EULT7 sample was increased to 115 nm. The 
particle size distribution of EULT7 indicates the agglomerates formation. The smaller the catalyst 
particle size, the higher the catalytic activity. The transesterification results obtained (rmax) are 
in accordance with this. Five hours of ultrasound irradiation reduced the CaO particle size by 
34%, which resulted in an increase of 56% in the catalytic activity. 
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As shown in Figure 1, the trend observed in the BET surface areas (SBET), obtained through N2 
adsorption analysis, coincided with changes in the activity of oyster (OHYDm) and clam (CHYDm) 
shells derived catalysts subjected to m hydration-dehydration cycles (m = 0,1,2,3,4,5). For oyster 
shell, the best result was obtained in the OHYD2 sample: the SBET (26.4 m2 g-1) was about 8 times 
that OHID0, while its rmax value was almost 3 times higher. For clam shell, the best result occurred 
in the CHYD3 sample: the SBET (11.5 m2 g-1) was 11 times that of CHYD0, and the rmax value was 
almost twice. Oyster shell derived CaO presented better response to the treatment than CaO 
from clam shell. This difference is probably justified by the difference in the crystalline structures 
and in the CaCO3 content of both natural shells.  

 

In the kinetic study, the conversion of triglyceride into fatty acid methyl esters was assumed to 
be single step and rate-determining. In order to ensure kinetic control and to avoid interphase 
mass transfer, a very large excess methanol was used. Consequently, methanol concentration 
was assumed to be constant. The initial induction period observed in most of the kinetic curves 
is attributed to the removal of a small layer of Ca(OH)2 formed due to air exposure. The model 
assumes first order kinetics for that removal and consequent increase of the catalyst active 
weight. Thus, an activation constant was added to the model that can be related to the reaction 
induction period. 

Conclusions 

In the present study, egg, oyster and clam shells were used as renewable sources of CaO catalyst 
and tested in the transesterification of soybean oil. Ultrasound irradiation and hydration-
dehydration cycles were efficient to improve the properties, thus obtaining highly active CaO, 
which indicates its great potential for use in biodiesel production. The kinetic model calculation 
had a great agreement with the experimental data. 
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Figure 1. The maximum transesterification rate and the BET surface area of catalysts 
subjected to m hydration-dehydration cycles. (a) Oyster shell derived catalysts (OHYDm). (b) 
Clam shell derived catalysts (CHYDm). 
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Introduction 

The footwear industry in Portugal is the nucleus of an important cluster of the national economy. 

According to the strategic lines defined for the sector in its FOOTure 2020 program, the focus is 

on the development of new materials, with emphasis on bio- and nano-materials, advanced 

components and devices, new products and designs, equipment and processes. The new 

materials target specific markets, such as health, wellness, safety and environmentally 

sustainable footwear, among others. Following this trend, the present work presents the 

developments carried out in the scope of cooperation between the Laboratory of Separation 

and Reaction Engineering (LSRE) and the Portuguese Footwear Technological Centre (CTCP), in 

the field of the development of novel polyurethane-polyureas solutions for application in the 

footwear sector. More specifically, it addresses the development of solutions for shoe soles 

modification, aiming to increase the biodegradability and flame resistance and the development 

of a new process for the synthesis of aqueous polyurethane-urea based adhesives in accordance 

with recent legal requirements. 

Development of solutions for increasing TPU biodegradability 

Among the several tested strategies, the increase of the biodegradability of TPU shoe soles was 

achieved by additivation with 4% (w/w) of natural products (starch, cellulose and lignin). This 

resulted, for lignin, in materials that presented disintegration at the fourth month, in the test in 

soil at 58ºC. This formulation was validated in the production of the prototypes presented in 

figure 1, that have demonstrated to fully comply with the standard specifications imposed for 

application as shoe soles.  

 

Figure 1. Shoes soles prototypes produced at pilot scale. 
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Microcellular Polyurethane with flame retardant properties 

With respect to the introduction of flame resistance properties, low density microcellular 

polyurethanes were modified. The tested solutions, which comprised the use of different 

additives (reactive and inert) and protective coatings, showed that the coating C3 (polyurethane 

based coating modified with phosphorus compounds, solids content: 45.0%, viscosity: 500 

mPa.s) and the inert additive F (ammonium polyphosphate, phosphorus content: 72.0%), 

introduced at a content of 5% phosphorus (w/w), were the best solutions. The two solutions 

were tested in the prototypes shown in figure 2, and the boot produced using microcellular PU 

added with the F additive shown to be in compliance with the standard EN 15090: 2012 

specifications (Footwear for Firefighters).  

 

Figure 2. Prototypes produced following the two developed strategies, after flame resistant testing. 

NMP-free water-based polyurethane-urea adhesives 

In the field of aqueous polyurethane dispersions (PUD) development, the pre-polymer process 

was studied, and its modification carried out to obtain n-Methyl-2-pyrrolidone free (NMP-free) 

process in accordance with the legislation, also reviewed in the present work. The products 

obtained by the two processes (traditional pre-polymer process (PUD-TP) and modified pre-

polymer process (PUD-MP)) were compared with commercial counterparts used in a wide range 

of applications (Table 1). The developed product showed to have a good stability to the presence 

of electrolytes (the highest one among the tested PUDs) and a stability to temperature 

comparable to the majority of the tested products. 

Table 1. Properties of the laboratorial (PUD-TP and PUD-MP) and commercial dispersions. 

PUD pH 
Solids 

(%) 

Viscosity 

(mPa.s) 

Mean particle size 

(nm)* 

Stability to 

temperature (Nº 

cycles) 

Stability to 

electrolytes 

(VNaCl (ml)) 

Biocol BS 28 7.9 34.7 183.0 
Volume: 1301.0(m) 

Number: 64.0(u) 

1 

Total coagulation 
10.6 

Dispercoll 

U54 
8.0 48.0 150.0 

Volume: 140.0(u) 

Number: 133.0(u) 

1 

Total coagulation 
10.6 

Cydrothane 

HP1035 
8.8 34.9 80.3 

Volume: 229.6(b) 

Number: 55.3(u) 

2 

Total coagulation 
10.6 

PUD-TP 8.4 40.8 152.1 
Volume: 107.3(u) 

Number: 103.0(u) 

15 

Total coagulation 
13.0 

PUD-MP 7.2 43.0 18.0 
Volume: 121.0(u) 

Number: 116.0(u) 

1 

Total coagulation 
45.0 

* u – unimodal; m- multimodal. 
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Nowadays the world aims to alternatives for fossil fuels due to crude oil prices and 

environmental issues.  Biodiesel is an alternative but the actual technology make it more 

expensive than fossil fuels.  Using a membrane reactor, with a basic catalyst, would be possible 

to produce biodiesel with a very good grade and the simultaneous separation of the by-product 

glycerol. The catalytic assays achieved high conversions and an efficient separation behaviour. 

Introduction 

Biodiesel is biodegradable and made from biological resources like vegetable oils, animal fats or 

used cooking oils (Marinković 2016). The transesterification reaction converts triglycerides into 
fatty acid alkyl esters in the presence of an alcohol and a catalyst (Maia Filho 2016). Basic 
catalysts provide a low reaction time and more friendly conditions. Homogeneous basic catalysts 

cannot be reused or regenerated, which requires more separation steps and large amounts of 

water in the purification step (Marinković 2016). The development of a contactor membrane 
reactor would increase the reaction selectivity, and the catalytic membrane can also be used to 

promote the contact between two immiscible reactants in different phases. For this study 
propose, a PVA catalytic membrane loaded with eggshell CaO and cross-linked with HDI, was 

developed. 

Materials and Methods 

Preparation of catalytic membranes 

PVA (≥ 99% hydrolyzed) was dissolved in a 20 wt% DMSO and 80 wt% DMF solution. CaO was 
then suspended in the solution, which was sonicated for 30 min at 80 °C. The mixture was heated 
at 105 °C and agitated for 15 min. After that, the suspension was poured into a teflon dish and 
cooled until a viscous membrane was formed. The cooled membrane was then immersed in a 

20% DMSO/80% DMF HDI (cross-linker) solution. After 24 h, the cross-linked membrane was 

washed with methanol in order to change the swelling solvent. Membranes were identified 
according to the cross-linker and the catalyst amount and codified as PVAESCxxHDIyy, where 
ESC refers to ”EggShell Calcined” and HDI to the cross-linker, ”xx” and ”yy” refers to the 
percentage of each one relative to PVA. 

Membrane’s characterization 

The catalytic membranes were characterized by FTIR and SEM. 
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Catalytic experiments 

The reactor is composed by two chambers separated by the membrane. Methanol (MeOH) is 
continuously distilled during the process and feed to the reactor’s methanol chamber. The 

MeOH permeated to the oil side is also distilled and added to the methanol distillation flask. To 
start the each experiment, the oil flask was loaded with 75 mL of soybean oil and 15 mL of 
undecane as GC standard. The MeOH flask was loaded with 75 mL of dried methanol and 1 mL 
of benzyl alcohol as GC standard. To evaluate the conversion and the permeability towards the 
membrane, samples were taken from the oil flask and the distillate flask and analysed by GC. 

Discussion 

Membrane’s characterization 

Spectra analysis, allowed the calculation of the real cross-linking. Membranes PVAESC25HDI10 
and PVAESC25HDI14 were used as standard to compare results. Most of membranes had an 
error less than 2%. SEM analysis allowed understanding how the catalyst deposits on the 

membrane surface and helped to develop a diffusion-kinetic model. 

 

 

Catalytic Assays 

With catalytic assays and application of a diffusion-kinetic model, it was possible to calculate the 

initial diffusivity, maximum reaction rate and the permeability of glycerol, FAME and 
triglycerides through the membrane. 

Conclusions 

The highest catalytic activity was achieved with the membrane PVAESC15HDI12. With the 
membrane PVAESC20HDI14 it was possible to achieve a conversion near 95%, which is similar 

to the conversion obtained with conventional processes, with the simultaneous complete 

separation of the formed glycerol. 

References 

Maia Filho, D.C., Salim, V.M.M. & Borges, C.P., 2016. Membrane contactor reactor for 

transesterification of triglycerides heterogeneously catalysed. Chemical Engineering and 
Processing: Process Intensification, 108, pp.220–225. 

Marinković, D.M. et al., 2016. Calcium oxide as a promising heterogeneous catalyst for biodiesel 
production: Current state and perspectives. Renewable and Sustainable Energy Reviews, 56, 
pp.1387–1408. 

 B 

Figure 1. SEM images of membrane PVAESC25HDI14 surface (A) and lateral cut (B). 
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Opposed-jets	mixers,	such	as	Confining	Impinging	Jets	(CIJs)	and	T-jets	reactors,	are	generally	
small-scale	devices	where	two	liquid	streams	are	contacted	in	a	mixing	chamber.	These	devices	
have	many	applications	 in	 industrial	processes,	such	as	 in	Reaction	 Injection	Moulding	(RIM).	
Nowadays,	these	mixers	are	increasingly	used	in	different	industrial	processes	because	of	their	
short	mixing	times,	on	the	order	of	101	to	102	milliseconds		(Santos	and	Sultan	2013).	Due	to	the	
short	mixing	times,	molecular	diffusion	is	not	expected	to	play	a	major	role	and	thereby	mixing	
occurs	mainly	due	to	stretching	and	folding	of	the	liquids,	forming	a	lamellar	structure	(Fonte	
2012).	

In	1978,	Ottino,	Ranz,	and	Macosko	(1978)	introduced	the	lamellar	model	which	describes	the	
mechanisms	 for	 the	decrease	of	 the	thickness	of	 lamella	of	 two	fluids	under	a	given	velocity	
gradient.	When	two	liquids	are	disposed	in	layers,	or	lamella,	shear	stretches	out	these	fluids	
striating	the	lamella.	Thereby,	Ottino,	Ranz,	and	Macosko	(1978)	defined	the	concept	of	striation	

thickness,	! = #$%#&
' ,	where	()	and	(*	are	the	thickness	of	each	lamella	of	each	component.	

The	thickness	of	the	lamella	should	be	brought	down	to	values	that	allow	chemical	reaction	to	
fully	occur	without	mass	transfer	limitations:	in	the	case	of	RIM	this	thickness	is	around	1	,m.	
RIM	machines	have	production	rates	of	10	to	100	kg/min,	even	for	 industrial	reactors	with	a	
volume	of	approximately	50	 cm3.	 It	means	 that	 it	 is	possible	 to	work	at	 three	different	 flow	
regimes:	at	Re	<	105,	the	flow	is	laminar	with	poor	mixing	dynamics;	at	105	≤	Re	≤	110,	there	
is	a	disturbance	of	the	two	jets’	interface	and	the	formation	of	vortices	in	the	chamber;	at	110	
≤	Re	≤	600,	the	regime	is	laminar	chaotic	with	good	mixing	dynamics	(Fonte	2012).	So,	since	
the	production	rates	are	high,	formulation	development	for	this	process	is	quite	challenging	in	
a	laboratory,	being	generally	made	in	pilot	scale	machines	(Ranz	1986).	

Mixing	in	CIJs	and	T-jets	can	be	studied	from	flows	where	there	is	a	well-defined	direction	for	
shearing,	as	those	used	in	rheometry,	using	a	small	volume	of	liquid,	approximately	1	cm3.	This	
type	of	flow	leads	to	quite	homogenous	mixing	scales	between	two	fluids	throughout	the	flow	
domain,	which	is	particularly	useful	for	generating	data	for	this	kind	of	mixers.	

In	this	work	mixing	in	a	plate/plate	rotational	rheometer	is	studied	using	3D	Computational	Fluid	
Dynamics	 (CFD)	simulations.	The	goal	of	 this	work	 is	 the	determination	of	striation	 thickness	
values	achieved	during	the	mixing	in	a	plate/plate	rotational	rheometer.		

Materials	and	Methods	

Plate/plate	rheometers	have	two	circular	plates,	one	plate	is	fixed	and	the	other	rotating.	Mixing	
in	 these	 devices	 is	 studied	 using	 3D	 Computational	 Fluid	 Dynamics	 (CFD)	 simulations.	 The	
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simulated	fluid	domain	consists	of	two	plates	with	a	diameter	of	10	mm	spaced	by	1	mm	and	
was	discretized	with	6.6x106	elements	with	an	edge	of	0.05	mm.	

The	 boundary	 conditions	 imposed	 to	 simulation	 are	 the	 velocities	 of	 the	 plates,	 where	 the	
bottom	of	the	cylinder	is	a	stopped	plate	and	the	top	is	rotating.	The	angular	speed	of	the	top	
plate	 is	 0.01	 rad/s.	On	 the	 other	 hand,	 the	 side	walls	 have	 zero	 shear	 stress	 condition.	 The	
working	fluids	were	two	similar	fluids	with	the	physical	properties	of	glycerol.		

Results	and	discussion	

Figure	1	shows	a	cylinder	with	two	fluids:	black	and	white.	Initially,	the	two	phases	are	side	by	
side	(Figure	1a).	When	the	top	plate	starts	to	rotate,	the	fluids	are	stretched	out	and	a	lamellar	
structure	 is	 formed.	Figure	1b	and	1c	show	the	cylinder	at	different	states	of	 rotation	of	 top	
plate.	After	one	turn,	one	stria	is	formed	(Figure	1b)	while	two	strias	are	formed	in	the	end	of	
two	turns.	Note	that	each	stria	is	composed	by	a	white	and	a	black	strip.		

	

	 	 	
(a)	 (b)	 (c)	

Figure	1.	Plate/plate	geometry	in	different	states	of	rotation	(a)	initial	time	(b)	one	turn	(c)	
two	turns.	

For	 this	 system,	 the	 striation	 thickness	 can	 be	 determined	 as	 ! = /
'0,	 where	ℎ	 is	 the	 space	

between	plates	and	2	is	the	number	of	turns.	Therefore,	in	mixing	that	occurs	in	a	plate/plate	
geometry,	the	rate	of	reduction	of	mixing	scales	and	the	generation	of	the	interfacial	area	are	
entirely	set	by	the	top	plate	rotational	speed.	This	method	enables	to	set	the	exact	evolution	of	
mixing	 scales	 on	 the	 product	 development	 stage,	 which	 makes	 the	 production	 scale-up	 to	
industrial	machines	a	direct	process	without	changes	on	the	material	properties.	

Conclusions	

This	 work	 shows	 that	 plate/plate	 rheometers	 can	 set	 an	 exact	 evolution	 of	 mixing	 scales	

between	two	fluids	following	the	law:	! = /
'0.	This	well-defined	flow	can	be	used	for	product	

development	 in	 challenging	 conditions	 that	 occur	 in	 industrial	 devices,	 such	 as	 the	
abovementioned	RIM	process.	The	main	advantage	is	the	use	of	a	small	volume	of	reactants	that	
minimizes	the	costs	of	formulation	development.	
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The oscillatory flow reactor (OFR) consists of a tubular device containing evenly spaced baffles 
which are transversely assembled to a periodically oscillating flow. The mixing is provided by 
the interaction of the fluid with the constrictions, which may be designed with different 
configurations according to the application (McDonough, Phan, and Harvey 2015). The novel 
OFR presented in this work was designed with smooth periodic constrictions and differs from 
the typical integral baffle configuration in the cross-section format, which is rectangular rather 
than circular. This new feature was developed to improve the suspension and flow of solids in 
continuous processing operations, such as crystallization. To properly characterize the mixing 
efficiency of the present device, residence time distribution (RTD) experiments were 
conducted by monitoring the response of a pulse dye tracer. A full factorial experiment was 
designed through a design of experiments (DoE) approach to assess the effects of different 
hydrodynamic conditions on the axial dispersion coefficient, D. 

The present OFR consists of a 3.3 m long Perspex® plate-like reactor, with an internal diameter 
of 8 mm in the straight section and 3.3 mm in the constriction, and a total volume of 145 mL. A 
continuous net flow of deionized water was injected into the reactor by a peristaltic pump 
(BT300-2J, YZ1515X head, Longer Pump) and oscillated by a linear motor (Festo). At time zero, 
1 mL of a 0.2 g/L aqueous tracer solution (Indigo carmine, Merck) was injected by a syringe 
pump (NE-4000, New Era Pump Systems, Inc.) with an inlet flowrate of 25 mL/min at 25 cm 
downstream of the water inlet. The tracer concentration was measured in the reactor outlet 
by a spectrometer (Spec Res+ UV/Vis, Sarspec) using an absorbance integral in the wavelength 
range of 585-635 nm. The axial dispersion coefficient was obtained by fitting the experimental 
data to a plug flow with axial dispersion model (Zheng and Mackley 2008). Two different levels 
of net flow Reynolds number, Ren, frequency of oscillation, f, and amplitude of oscillation, x0, 
were used. Each experimental condition was performed in triplicate. The Minitab® 17.3.1 
software was used to design the full factorial experiment and to analyse the results.  

Several DoE analysis tools were obtained from the Minitab® software, including the plots of 
main effects, interactions, Pareto, normal probability and normal probability of residuals. The 
main effects plot shows that all the three input variables have significant effects on D: i) Ren 
has a positive effect; and ii) f and x0 have negative effects. This means that D is lower for low 
levels of Ren and high levels of f and x0, and therefore a high level of mixing intensity may be 
afforded without compromising the axial dispersion within the reactor. In addition, the 
interactions plot shows that Ren and x0 have a strong interaction, f and x0 have a weak 
interaction and Ren and f do not interact at all. The Pareto plot (Figure 1) and the normal 
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probability plot provide us further detail on this analysis. All the effects, except the interaction 
of Ren with f, were found significant with a confidence interval of 95 %, being Ren the most 
important input variable affecting D. These results were confirmed by the normal probability 
plot and are in accordance with previous findings. 

 

Figure 1. Pareto plot of effects with a confidence interval of 95 %. (A – Ren, B – f, C – x0). 

A regression model was formulated considering the significant effects and the key assumption 
of normal distributed data was verified on the normal probability plot of residuals. The main 
effects and interactions were also studied with respect to the axial dispersion coefficient 
variability, as Ln(σ), where σ is the standard deviation for the three replicates of each 
experimental condition. It was found that the interaction of Ren and f, which has no effect on 
the axial dispersion coefficient itself, is the only significant effect on variability. The DoE 
approach was thus proved effective in providing substantial conclusions with a minimum 
number of experimental runs. 
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Abstract	

The	actin	cytoskeleton	is	involved	in	a	large	range	of	cellular	processes	including	morphogenesis	
and	motility.	In	the	context	of	a	mechanical	approach	to	cell	biology,	there	is	a	close	relationship	
between	 cellular	 function	 and	 mechanical	 properties,	 there	 is	 a	 tight	 coupling	 between	
biochemical	and	mechanical	signals.	In	recent	years,	an	increasing	amount	of	attention	has	been	
given	 to	 the	 integration	 of	 this	 knowledge	 into	 the	 development	 of	 constitutive	 models.		
Therefore,	in	this	work	we	use	a	microstructurally	motivated	continuum	model	to	describe	the	
passive	 mechanical	 properties	 of	 in	 vitro	 crosslinked	 actin	 networks.	 Virtual	 experiments	
qualitatively	predict	how	the	contraction	 influence	the	network	response,	which	 is	 to	a	 large	
extent	governed	by	the	time-scale	of	applied	deformations/forces.	
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There is a renewed interest in the discovery of novel bioactive extracts and compounds from 
natural sources for several industrial purposes (medicinal, drug discovery, food, nutraceuticals 
and cosmeceuticals). In particular, mushrooms have well reported nutritional and bioactive 
composition and have been utilised as food, as well as in the design of nutraceuticals and 
cosmeceuticals (Taofiq et al., 2016). 

Ganoderma lucidum (Curtis) P. Karst. is one of the most widely known medicinal mushrooms 
because of its well reported bioactive, nutritional and chemical composition, including different 
compounds (e.g., phenolics and triterpenoids) that have been responsible for the overall health 
promoting benefit associated with their consumption (Zhao et al., 2016).  

In the present work, G. ludicum samples were characterized in terms of nutritional and chemical 
composition (macronutrientes such as proteins, fat and total carbohydrates, total terpenoids 
and polysaccharides, energetic value, sodium chloride, free sugars, fatty acids and tocopherols). 
Thereafter, this mushroom species was used to obtain Soxhlet ethanolic extracts that were 
evaluated for their bioactive properties (antioxidant, anti-inflammatory, antityrosinase, 
cytotoxic and antimicrobial activities) and compounds (phenolic compounds and triterpenoids). 
Finally, the obtained extracts were incorporated in a cosmetic base cream (100 mg of extract 
per gram of base cream) and the bioactive properties of the final formulations were also tested.  

G. lucidum proved to be a good source of carbohydrates (88.4 r 02 g/100 g dw) and proteins 
(6.72 r 0.04 g/100 g dw), presenting a low fat (2.50 r 0.02 g/100 g dw) and caloric contribution 
(201 r 3 g/100 g dw). Fructose was the only free sugar found and linoleic acid was the major 
fatty acid and tocopherol (141 ± 7 µg/100 g dw) being α and δ isoforms. Terpenoid, triterpenoid 
and polysaccharide contents were 27.2 r 0.7 mg equiv. linalol/g dw, 5.6 r 0.5 mg equiv. ursolic 
acid/g dw and 15.4 r 0.2 mg equiv. starch/g dw, respectively. 

After HPLC-DAD-ESI/MS analysis, the Soxhlet ethanolic extract revealed the presence of 26 
triterpenic acids, being ganoderic acid H one of the most abundant compounds, and three 
phenolic acids (protocatechuic, p-hydroxibenzoic and syringic acids). It also showed high 
antioxidant (EC50 0.73 ± 0.01 and 0.15 ± 0.01 mg/mL for radical scavenging activity and reducing 
power, respectively), antityrosinase (EC50 2.81± 0.01 mg/mL), cytotoxic (cell lines: MCF7- GI50 61 
± 4 µg/mL; NCI-H460- 64 ± 3; HepG2- 68.44 ± 0.08 µg/mL; Hela- 73 ± 2 µg/mL) and antimicrobial 
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(MICs up to 10 mg/mL against Escherichia coli, Enterococcus faecalis, methicillin-sensitive 
Staphylococcus aureus and methicillin-resistant S. aureus) activities. The extract did not show 
cytotoxicity for non-tumor cells (GI50 > 400 µg/mL). 

The cosmeceutical formulation prepared with the extract still presented antioxidant, anti-
tyrosinase and antimicrobial activities while the colour parameters using the L*a*b* system 
were 70.3 ± 0.6, 12.1 ± 0.5, 32.9 ± 0.9, respectively, suggesting that the lightness of the 
cosmeceutical formulation was closely followed by its yellowness. The formulation presented a 
pH of 4.61± 0.02, which is considered a favourable pH in cosmeceutical’s design.  

Overall, behind the important nutritional value of G. lucidum mushroom that can be important 
for nutraceutical’s development, its ethanolic extract showed several bioactive properties ideal 
to be explored in the development of cosmeceutical formulations.  
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Abstract 

A thermal treatment of wood aims to change its chemical properties, resulting in improved 
dimensional stability and more resistance to degrading agents. This study aimed to evaluate the 
chemical changes produced in wood when treated between 140 °C and 250 °C. Above 220 °C, 
an increase in the amount of lignin and extractives was found, along with a decrease in the 
amount of holocellulose. The amount of carbon increased with temperature increase, while the 
amounts of hydrogen and oxygen decreased with temperature increase.  

Introduction 

The thermorretification is a thermal process that uses temperatures between 160 and 250 °C. It 
degrades mainly the polyoses of wood (Brito et al. 2008). However, the lignin and cellulose 
structures also show some changes (Tumen et al. 2010). This process improves the dimensional 
stability and biological resistance, reducing hygroscopicity and mechanical resistance of the 
material (Araújo et al. 2012). The purpose of this research was to evaluate the chemical changes 
produced in the Eucalyptus urophylla wood, thermorretified at different temperatures. 

Materials and Methods 

In this work, wood samples of the MN-463 clone (natural hybrid of Eucalyptus urophylla) were 
used. The materials were dried in an oven for 24h and thermorretified at 140, 160, 180, 200, 
220 and 250 °C for 3 h, in air and atmospheric pressure. Elemental analyses were carried out to 
determine the amount of carbon (C), hydrogen (H), nitrogen (N) and sulphur (S). The amount of 
oxygen (O) was obtained by subtraction of the previous values from 100(%). The amount of 
extractives was determined according to the TAPPI 204 om-88 regulation. The amount of 
insoluble lignin was determined by the modified Klason method (Gomide, Demuner; 1986). A 
reading of the Klason filtered (above) was made in a spectrophotometer (Goldischimid; 1971) 
to determine the soluble lignin. The total lignin was the sum of the former two. The amount of 
holocellulose was determined by subtracting from 100(%) the sum of total lignin and extractives. 

Discussion 

Table 1 shows the results obtained for the amounts of carbon, hydrogen, nitrogen, sulphur, 
oxygen, extractives, lignin and holocellulose present in wood, at different temperatures. Only 
treatments carried out at 220 and 250 °C showed a change in the composition. The amounts of 
extractives and lignin increased at those temperatures, while the amount of holocellulose 
decreased. That is related to the thermal stability of the components present in the structure of 
the wood, since hemicelluloses degrade at temperatures above 200 °C, originating substances 
soluble in ethanol/toluene (Brito et al. 2008). 

 67



DCE17 | 2nd Doctoral Congress of Engineering  8 – 9th June, 2017 • Porto, Portugal 

Symposium on Chemical, Biological and Environmental Engineering 
 

Regarding the elemental composition, the increase in the amount of carbon and reduction of 
the amount of oxygen and hydrogen are explained by the larger amount of hydroxylic groups 
present in holocellulose. Lower amount of nitrogen and sulphur were found, but lignin, the most 
resistance to the degradation process, showed a larger amount of carbon in its structure 
(Zanuncio et al. 2014).  

The reduction in the amount of holocellulose with temperature increase is linked to the 
reduction of OH- groups (responsible for the hygroscopicity of wood). This leads to a decrease 
in capacity of wood to absorb moisture (Brito et al. 2008). 

Table 1. Chemical and elemental composition of heat treat treated Eucalyptus urophylla wood. The 
average values with the same letter (a-d in the columns) do not show significant changes in Tukey test 

(p>0,05). Values in parenthesis display the coefficient of variation.  

 C (%) H (%) 
 

N (%) 
 

S (%) O (%) 
Extractives 

(%) 
Lignin 

(%) 
Holocellulose 

(%) 

Blank 47,43 d 5,80 ab 1,09 ab 0,00 45,67 A 3,82 b 24,75 c 71,43 a 
(2,55) (2,30) (3,83) (2,89) (1,54) (3,25) (1,21) 

140 48,70 cd 5,98 ab 1,05 a 
<0,01 44,27 A 3,43 b 23,95 c 72,62 a 

(2,06) (2,11) (4,36) (2,61) (0,93) (4,06) (1,38) 

160 50,27 cd 6,03 a 1,09 ab <0,01 42,61 Ab 3,76 b 25,01 c 71,23 a 
(3,13) (2,62) (4,22) (4,15) (8,09) (5,12) (1,64) 

180 50,95 bc 5,54 bc 0,96 b 
<0,01 42,55 Ab 3,28 b 23,03 c 73,69 a 

(1,63) (2,08) (0,00) (2,21) (15,50) (1,28) (0,33) 

200 51,26 bc 5,18 c 1,07 ab 0,00 42,48 Ab 3,58 b 24,3 c 72,12 a 
(1,73) (6,17) (4,60) (2,68) (2,63) (9,63) (3,13) 

220 54,19 b 5,14 c 1,07 ab 
0,00 39,60 Bc 5,06 a 32,31 b 62,63 b 

(0,65) (0,57) (3,24) (0,91) (2,51) (1,47) (0,96) 

250 58,16 a 4,66 d 1,10 a 0,00 36,07 C 4,59 a 41,06 a 54,34 c 
(3,22) (3,32) (6,36) (5,67) (8,34) (3,75) (2,82) 

Conclusions 

The increase in thermorretification temperature increased the amounts of lignin, extractives 
and carbon, and the reduction of the amounts of holocellulose, hydrogen and oxygen.  
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Abstract 

Aqueous two-phase partitioning is a separation technique, with very low environmental impact, 
considered as an accurate and very adequate methodology for purification of biomolecules. For 
optimal separation, however, it is of crucial importance to know the biomolecules’ partitioning 
behaviour, and which parameters are relevant, regardless of scale – laboratorial or industrial. 
The limited comprehension of the molecular mechanisms behind the solute partitioning has 
narrowed the incorporation of aqueous two-phase systems (ATPS) at a large industrial scale.       
In order to fully understand the phenomena that rule partitioning, as well as to obtain the full 
set of extraction information that relates to it, a high number of complex and time consuming 
experiments and calculations are needed.  

So far, studies have been conducted on the two major types of ATPS: polymer + polymer, 
polymer + salt, and it has been proven that these systems are highly suitable for the gentle 
separation of many biocompounds. However, ATPS formed by a polymer and a salt are usually 
more adopted due to the larger difference in densities, higher selectivity, lower viscosity, and 
the lower cost of salts compared to polymers.  

The main goal of this work is to study (1) the liquid-liquid phase equilibria and (2) the partitioning 
of different biomolecules in ATPS that contain biodegradable components, polyethylene glycol 
(PEG) and organic salts (citrates, tartrates) [1], [2]. PEG was chosen as it has many advantages: 
low toxicity, biodegradability, low volatility, and infrequent occurrence of unwanted side 
reactions. Considering that PEG of higher molecular weight possesses also a higher density, and 
this can be not very convenient at an industrial level, several PEG with different molecular 
weights were chosen for the experiments. Due to the fact that citrates and tartrates, when 
combined with an inexpensive PEG polymer, present high heterogeneous regions on biphasic 
diagrams, a lower salt concentration may be used to obtain two immiscible phases. This leads 
to smaller consumption of salts and a lower cost of a highly pure chemical. 

The binodal curves and tie-lines were obtained experimentally. The fitting of the binodal curves 
was achieved by means of Merchuk equation, and the reliability of the tie-lines was determined 
by Othmer−Tobias and Bancro  equa ons. The par oning coefficients of biomolecules were 
measured on the systems that presented the highest efficiency in terms of liquid-liquid 
equilibrium (LLE). Partitioning of amino acids was evaluated using the relative hydrophobicity of 
the equilibrium phases. 
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Biofouling is an ongoing concern in marine applications such as aquaculture nets, offshore oil 
platforms and ship hulls, leading to material deterioration and surface corrosion (Salta 2013). 
Moreover, the build-up of biofouling on ship hulls leads to high economic losses (Schultz 2011). 
Cyanobacteria are early surface colonizers which promote the onset of surface macrofouling by 
invertebrate larvae, mussels, seaweeds and barnacles (Mieszkin 2012). Although the economic 
and environmental impact of biofouling on immersed abiotic surfaces is widely recognised, 
there is still a lack of knowledge about the influence of surface properties on the attachment 
and biofilm formation of cyanobacteria. Therefore, the main goal of this work was evaluate the 
effect of two different surfaces (glass and perspex) on the biofilm formation behaviour of a 
filamentous cyanobacterium isolated from a tidal puddle in south of Portugal, during a three 
week period and in controlled hydrodynamic conditions (Romeu 2016). The chosen surfaces 
represent commonly submerged artificial surfaces (such as boat hulls), aquaria and aquaculture 
tanks (Sekar 2004; Satheesh and Wesley 2010).  

 

Figure 1. Evaluation of cyanobacterial biofilm development. The parameters analysed refer to wet weight 
(A) and biofilm thickness (B) of filamentous cyanobacterium Leptolyngbya mycoidea LEGE 06118 in two 

different surfaces (glass and perspex) during 21 days. Bars represent the average of wet weight and biofilm 
thickness values and standard deviations obtained from 3 individual coupons for each sampling day. Symbol 
(*) indicates statistically different values (p ˂ 0.1) comparing the two surfaces. Adapted from Romeu 2016. 
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Strain identification was previously performed based on morphological features and 16S rRNA 
gene sequencing and the position of this strain on a phylogenetic tree was established (Romeu 
2016). The surfaces were characterized according their hydrophobicity by contact angle 
measurement and results show that higher biofilm formation occurred in the most hydrophobic 
surface (perspex) as thicker biofilms were obtained and their wet weight was on average 50% 
higher than in hydrophilic surface (glass) (Figure 1). Biofilm morphology was further analysed by 
conventional and 3D microscopy (Figure 2), where a higher amount of filaments is visible on 
perspex when compared to the glass surface. 
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Figure 2. 2D microscopy and 3D cyanobacterial biofilm topography. Representative images of Leptolyngbya 
mycoidea LEGE 06118 biofilm formed after 21 days on glass and perspex coupons (scale bars = 10 µm). 

Adapted from Romeu 2016. 
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Microorganisms attach to surfaces, such as biomedical devices and form biological communities 
called biofilms (Neoh 2017). Escherichia coli is responsible for about 80% of urinary tract 
infections (UTIs) (Shunmugaperumal 2010). The complex process of biofilm formation depends 
on multiple factors, such as the properties of the catheter material, hydrodynamics, physical and 
chemical properties of the liquid in contact with the surface and bacterial cells (Donlan 2002). 
Parallel plate flow chambers (PPFCs) have been used for the study of dynamic biofilms enabling 
a better understanding of the factors affecting the initial bacterial adhesion (Moreira et al. 
2014).  In the present study, the adhesion of E. coli under defined flow rates was monitored in a 
PPFC using polydimethylsiloxane (PDMS), a type of silicone, as a model surface. Silicone has been 
widely used in biomedical devices like contact lenses, breast implants and catheters (Kaali  
2011). The shear stress range covered in this study was previously determined by computational 
fluid dynamics (Moreira 2014) and the values used were between 0.005 and 0.056 Pa. This is a 
1 log range covering shear stress values that can be found in the human body particularly in the 
urinary (bladder and urethra), circulatory (veins) and reproductive (uterus) systems (Nauman 
2007). The results show that E. coli adhesion decreases with shear stress particularly at low flow 
rates (until 5 mL s-1) and after that the decrease is subtler. Increasing the flow rate increases the 
shear stress which can make the adhesion process more difficult. On the other hand, increased 
flow rates also facilitate mass transport and therefore the number of cells arriving at the surface 
(which can be beneficial for initial attachment). The results presented in this study indicate that 
the relative importance of these two factors changes in the tested range with the negative 
impact of the shear forces being predominant at the lower flow rates tested. 
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Figure 1. Initial adhesion rates (opened circles) for Escherichia coli on the bottom 
plate in a parallel plate flow chamber and average wall shear stress (squares) for 
each flow rate (mL s−1) determined by computational fluid dynamics applied on 

the PDMS surfaces. 

 74



DCE17 | 2nd Doctoral Congress of Engineering  8 – 9th June, 2017 • Porto, Portugal 

Symposium on Chemical, Biological and Environmental Engineering 
 

Tarragon extract as a functional ingredient for 
development of new pizza dough 

Andreia Ribeiro1,3,*, Madalena M. Dias1, Maria Filomena Barreiro2, Isabel 
C.F.R. Ferreira3 

1Laboratory of Separation and Reaction Engineering – Laboratory of Catalysis and Materials (LSRE-LCM), Faculty of 
Engineering, University of Porto, Portugal; 

2Laboratory of Separation and Reaction Engineering – Laboratory of Catalysis and Materials (LSRE-LCM), Bragança 
Polytechnic Institute, Bragança, Portugal;  

3Mountain Research Centre (CIMO), ESA, Ploytechnic Institute of Bragança, Campus Santa Apolónia, 1172, 5300-
253, Bragança, Portugal 

* asribeiro@fe.up.pt  

Keywords: Tarragon extract, Phenolic Compounds, Antioxidant, Antimicriobial, Functional ingredient, 
Pizza dough. 

Introduction 

Plants are used in various fields due their sensory, nutritional and medicinal properties, and 
aromatic plants can be used as functional food ingredients to enhance organoleptic properties 
and/or to replace the salt. Additionally, their large amount of bioactive compounds, namely 
phenolic compounds (PC), can contribute to food preservation, promote human health (Costa 
et al., 2015), and provide bioactive effects. Tarragon, Artemisia dracunculus L., usually known 
for its pleasant spicy aroma, is widely used in food preparations (Hassanzadeh et al., 2016). In 
this work, a lyophilized hydroethanolic tarragon extract was characterized in terms of PC and 
bioactive properties, such as antioxidant, antimicrobial and cytotoxic activities and further used 
to develop functional foods namely by its incorporation in pizza dough. 

Materials and Methods 

Dried tarragon was kindly offered by “Cantinho das Aromáticas” (Vila Nova de Gaia, Portugal). 
The extract was obtained by maceration using 1 g of the powdered sample and 30 mL of an 
ethanol:water mixture (80:20, v/v). The PC were analyzed by HPLC-DAD-MS and the antioxidant 
activity by DPPH radical scavenging activity, reducing power (RP), inhibition of β-carotene 
bleaching and lipid peroxidation inhibition. The cytotoxic properties were evaluated in human 
tumor cell lines (breast, cervical, hepatocellular and non-small lung carcinoma) and in non-
tumor cells (porcine liver primary cell culture) by the sulforhodamine B colorimetric assay. 
Antibacterial and antifungal activities were evaluated against 11 bacteria and 8 fungi species. 
Pizza dough was prepared using 250 mg of tarragon extract per 125 g of fresh or baked dough. 
For each type of pizza dough, two controls (one without the extract and another with 250 mg of 
ascorbic acid (E300), a commonly used commercial antioxidant) were prepared. The PC profile 
and the antioxidant activity (DPPH and RP) of the final products were assessed immediately after 
preparation and after 5 days of storage at 4˚C. More details are provided in Ribeiro et al. (2016). 

Discussion 

Eight PC were identified and quantified in the hydroethanolic tarragon extract: 7 phenolic acids 
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and 1 flavonoid. However, a ferulic acid hexoside was the most abundant molecule, followed by 
rutin and 5-O-caffeoylquinic acid, and represent 33.7±0.3, 31.90±0.03 and 23.8±0.1 mg/g of the 
extract, respectively. In terms of antioxidant properties, the tarragon extract revealed different 
EC50 values (concentration responsible for 50% of antioxidant activity) in the performed assays; 
the highest potential of the extract was found as a reducing agent (155±1 µg/mL). The tarragon 
extract also demonstrated ability to inhibit the growth of tumor cell lines, mostly the cervical 
carcinoma cell line (HeLa), and the extract did not show any toxicity for non-tumor cells. The 
extract showed a broad antimicrobial activity against microorganisms with relevance for public 
health and food contamination. Methicillin resistant Staphylococcus aureus (MRSA), Listeria 
monocytogenes, Pseudomonas aeruginosa and Escherichia coli were the most sensitive bacteria, 
while Aspergillus fumigatus, Trichoderma viride, Penicillium funiculosum, Penicillium 
ochrochloron and Penicillium verrucosum the most susceptible fungi. 

After incorporation of the extract in fresh and backed pizza dough, the amounts of PC were 
monitored. Both fresh and baked dough incorporated with the tarragon extract present similar 
profiles as the extract itself, mainly in terms of ferulic acid and rutin. As expected, the controls 
did not revealed PC. In terms of antioxidant properties, the dough incorporated with E300 
showed the highest antioxidant capacity. However, the dough supplemented with the tarragon 
extract displayed improved capacity comparatively with the control and the various molecules 
present in the extract may have synergistic effects with other antioxidants and can contribute 
to other bioactive effects. 

Conclusion 

Tarragon extract can be considered as a potential food additive, preventing food spoilage and 
contamination, replacing synthetic additives widely used in the food sector. Further studies with 
the tarragon hydroethanolic extract are needed in order to understand its complete role and 
also to define the best conditions to be used. This work complements a similar potential of the 
rosemary extract, already allowed in Europe, as a natural antioxidant for the food industry. 
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Method of preparation of the oligoetherol containing silicon atoms in their structure is 
presented. This compound is useful substrate for obtaining polyurethane foams of enhanced 
thermal stability, lower flammability and good mechanical strength. The physical properties of 
the foams have been examined. 

Classic rigid polyurethane foams are flammable and have low thermal resistance, which 
restrict their use. The attempts to improve their properties are nowadays the matter of 
interest. One of the methods to improve their thermal stability is introduction of  phosphorus, 
chlorine, boron, or silicon elements into their structure. This can be achieved both by chemical 
incorporation of these elements into the appropriate oligoetherols or polyurethane precursor 
(urethane oligomer) or addition of substances containing these elements into foaming 
composition. The oligoetherols with silicon elements are not often substrates for polyurethane 
foams. Introduction of silicon-containing fillers into foaming compositions improves the 
thermal stability of polyurethane foams (PUF). Moreover, silicone components are ecologically 
friendly and combustion of such materials is not accompanied by corrosive smokes. It has been 
discovered that addition of small amount of reactive silicon compounds resulted in 
considerable increase of thermal stability and decrease of flammability of PUFs. This is 
probably related to lower percentage of oxidizable elements in foam. Moreover, in case of 
flaming the silicone oxide in the PUF surface forms a heat insulator layer.  

We are looking for simple synthetic method of oligoetherol suitable for obtaining thermally 
resistance polyurethane foams with decreased flammability. Therefore we have tested 
dichlorodimethylsilane (silicon source) as potencial flame retardant. In our work we obtained 
oligoetherols containing silicon and we use them to synthesize polyurethanes foams. The 
method of synthesis of oligoetherols was elaborated based upon hydroxyalkylation of 
oligosiloksanodiol with glycidol and then ethylene carbonate. To obtain semi-product 
(oligosiloskanodiol), dichlorodimethylsilane was dripped in water for 5 hours. The reaction was 
carried out for 12 hours at room temperature. Oligosiloksanodiol reacts with glycidol with 
triethylamine as catalyst at 180 °C, and with ethylene carbonate in presence of potassium 
carbonate at 135 °C. The density of oligoetherols was determined by pycnometer, the viscosity 
was studied using Höppler viscosimeter (type BHZ, prod. Prüfgeratewerk, Germany) and 
surface tension was determined using ring detachment method. Elemental analysis for C, H, N, 
were done with EA 1108, Carlo-Erba analyzer. The 1H-NMR spectra of products were recorded 
at 500 MHz Bruker UltraShield in DMSO-d6 with hexamethyldisiloxane as internal standard. IR 
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spectra were registered on ALPHA FT-IR BRUKER spectrometer spectrometer in KBr pellets or 
ATR technique. 

The oligoetherols obtained from such three-component reaction were suitable to obtain 
polyurethane foams. Foaming of oligoetherols was performed at 500 cm3 cups at room 
temperature. The foams were prepared from 10 g of oligoetherol, to which 0,5 g of surfactant 
(Silicon 5340, pure, Houdry Hülls, USA) and 2,0 g of triethylamine (pure, Fluka, Switzerland) as  
catalyst and water (4%) were added. After the homogenization the diphenylmethane 4,4’-
diisocyanate was added. The commercial isocyanate containing 30% of tri-functional 
isocyanates was used (Merck, Germany). The mixture was vigorously stirred until creaming 
began. The samples for further studies were cut off the obtained foams. 

The apparent density, water uptake, dimensional stability in temperature 150 °C, heat 
conductance coefficient, heat capacity, and compressive strength of  PUFs with flame 
retardants were measured. Thermal resistance of modified foams was determined both by 
static and dynamic methods. In static method the foams were heated at 150, 175 and 200 °C 
with continuous measurement of mass loss and determination of mechanical properties 
before and after heat exposure. Flammability of foams was determined by oxygen index and 
horizontal test according to norm.  

Table 1. Thermal stability, compressive strength and flame properties of foams.  

Foam 

Mass loss in 
%wt. after 
exposition 
in 30 days 

 
Compressive 

strength 
(MPa) 

 
Oxygen 
inndex 

 
Flame 
zone 
[mm] 

 
Flame 
rate 

(mm/s) 

 
Mass loss 

upon flaming 
(% mas.) 

unexposed - 0,2054 20,2 150 1,64 64,15 
thermal exposure 

at 150°C 
9,99 0,3220 22,6 Non-flammable in flame source 

thermal exposure 
at 175°C 27,7 0,2650 31,0 Non-flammable in flame source 

thermal exposure 
at 200°C 43,2 0,2550 54,7 Non-flammable in flame source 

Obtained polyurethane foams have properties comparable with classic, rigid PUFs except their 
enhanced thermal resistance and mechanical strength. They also stand long term heating at 
200°C. Thermal exposure of synthesized PUFs resulted in increase of compressive strength of 
the PUFs. Obtained polyurethane foams are combustible (flame zone 1,64 (mm/s), oxygen 
index 20,2 (%)), but the flammability is lower than classic polyurethane foams (flame zone 6,2 
(mm/s), oxygen index 21-22 (%)). All PUFs showed decrease of flammability after thermal 
exposure; they burn only in flame contact and flaming ceased after removal of flame source, 
which might be useful feature for practical purposes. 
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Nucleic acid mimics (NAMs) have been widely applied in living systems mostly due to their 

higher biological stability and improved kinetics characteristics for hybridization in comparison 

with DNA or RNA (Jepsen 2004). Currently, locked nucleic acids (LNA) and 2’-O-Methyl-RNA 

(2’OMe) oligonucleotides have emerged as a suitable tool to upgrade the imaging modalities at 

research, diagnosis and therapeutic levels. However, internalization of large molecules into live 

cells, without strongly affecting cellular viability, has always been challenging. The challenge is 

even greater when cells are small and very selective biological membranes, in which is the case 

of bacteria (Good 2000). Permeabilization methods currently used for internalization of 

oligonucleotides into bacteria require specific equipment and time-consuming optimization 

procedures or toxic chemical treatments, which strongly affect bacterial viability. These issues 

have encouraged conjugation of NAMs to non-toxic nanoparticle carriers, which are also well-

known cellular permeabilizers. Between them, liposomes, especially those which have cationic 

lipids in their formulations, have demonstrated the ability to entrap and deliver 

oligonucleotides (Semple 2001) into both mammalian and bacterial cells. In contrast with 

classical formulations (negative and neutral charged), cationic liposomes formed by positive 

charged 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP) and fusogenic neutral 1,2-

dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) lipids yield very fluidic vesicles with higher 

ability to fuse with Gram-negative bacterial membranes (Ma 2013) and deliver 

oligonucleotides into cytoplasmic space where they interact with endogenous nucleic acids. 

Thus, the main goal of this work was to assess the ability of cationic liposomes to transport 

LNA/2’OMe oligonucleotides through the membrane of Gram-negative Escherichia coli 
bacterium, targeting the mRNA expressed by acpP gene (an essential gene for bacterium 

survival), toward the development of a strategy for antisense therapy. Results have shown 

higher performance of liposome-encapsulated NAMs for detection of Escherichia coli, in 

comparison with worldwide used standard Fluorescence in situ Hybridization (FISH) (Figure 1), 

which proves the concept of this innovative strategy.  
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Figure 1. FISH detection of Escherichia coli ATCC 25922 by standard protocol (A) and liposomal 
delivery protocol (B). 
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Abstract  

Platinum-group elements (PGE) are emergent contaminants in the environment, having wide 
technological applications which range from automobile industry to medicine. These elements 
are severely depleted in the Earth’s crust (< 0.50 ng g-1), but the exploitation of these elements 
has increased over the past years. Only the automobile industry is responsible for approximately 
50 % of global demand (Johnson 2016). In addition, automobile catalytic converters used to 
reduce emissions of hazardous pollutants, carbon monoxide and nitrogen oxides, are thought 
to be the main source of anthropogenic emissions of PGE due to their degradation and abrasion. 
As a consequence, this results in the widespread and increase of PGE in different environmental 
compartments (Zereini and Wiseman 2015). Among these, estuaries are transition areas 
between the land and the ocean that can be greatly impacted with anthropogenic pressures. 
Therefore, the Tagus and Douro estuaries are ideal settings for PGE studies due to surrounding 
highly urbanised and industrialised areas with considerably high traffic, as well adjacent to the 
Atlantic Ocean. Furthermore, these two estuaries have very different hydrodynamic controls, 
which may affect distribution and fate of PGE at a regional scale. 

The quantification of PGE in environmental matrices has been additionally a challenge over the 
past years. Several analytical techniques have been proposed to quantify PGE in different 
matrices, such ICP-MS or AAS. However, due to their elevated costs and time of analysis, these 
techniques are not frequently used for routine analysis. Voltammetry has been pointed out as a 
suitable technique for PGE determination due to fast analysis and less expensive procedure. 
Platinum and Rh can be simultaneously determined by Adsorptive Cathodic Stripping 
Voltammetry (AdCSV). Though ill-defined peaks from voltammograms are observed at the ultra-
trace range of concentrations, leading to inexact measurements of both element peaks and 
inaccurate quantification of their concentrations. To overcome this drawback, the use of second 
derivative signal transformation of the voltammograms increases the accuracy of the 
determinations (Monteiro et al., submitted). Thus, this combination makes the technique 
suitable for monitoring purposes. 

This work presents the first data on the pathways of Pt and Rh in Portuguese estuaries (SW 
Europe). It is aimed to assess Pt and Rh concentrations in different environmental matrices, as 
well as to evaluate their sources and fate at regional scale. Spatial distribution of Pt and Rh in 
sediments from the Tagus estuary was evaluated for the first time in an estuarine system. 
Superficial sediments (< 5-cm depth) were collected in 57 stations inside the estuary. These were 
acid digested and analysed for Pt and Rh by AdCSV using the second derivative transformation 
in a single scan. Data were also compared with other interpretative parameters. Concentrations 
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of Pt and Rh were in general below 1.0 and 0.50 ng g-1, respectively. However, some samples 
showed increased levels up to 6.5 ng Pt g-1 in the lower estuary and 1.5 ng Rh g-1 in the upper 
estuary. The ratios Pt/Rh determined were similar to those of typical catalytic converters values 
(4.0 – 9.0; Rauch and Peucker-Ehrenbrink 2015), with some higher values found in some samples 
which suggest other pathways of entrance into the Tagus estuary. The lower estuary can be 
considered an area of moderate deposition of both PGE, which corresponds to the area between 
two motorway bridges with high traffic. 

In addition to the sediments, samples from a waste water treatment plant (WWTP) in Lisbon 
were also collected before and during the first heavy rainfall after a long period of dryness. 
Water samples from the WWTP showed a markedly increase of dissolved Pt concentrations, 
ranging from 10.0 r0.3 ng L-1 to 25 ± 2 ng L-1 during the rainfall, while in the dry period Pt levels 
were lower and ranged from 5.0 ± 0.7 ng L-1 to 17 ± 2 ng L-1. Contrarily, Rh concentrations 
remained constant between the two periods, with values around 0.3 ± 0.1 ng L-1. These results 
evidence the important role of heavy rainfall periods on PGE flushing, in particular Pt, from 
urban areas to the surrounding aquatic systems. The impacts of periodic flushing of PGE to 
estuaries through the WWTP or other drainage channels remain unclear. 

Furthermore, the hydrodynamic regime of an estuary, in particular the tidal forcing and currents, 
may have a key role on the transport of these emerging contaminants to other remote areas, 
such as the natural reserve park in the case of Tagus estuary and/or export them towards the 
coastal area. The potential export of PGE towards the coastal area has been assessed by the 
total amount of Pt and Rh (dissolved + particulate) using samples collected on a monthly basis 
in three Portuguese systems during ebb tide: Tagus, Douro and Ria de Aveiro. The first two 
systems are estuaries with very distinct hydrodynamics regime. Moreover, the coastal lagoon 
system of Ria de Aveiro is also hydrodynamically different. Accordingly, understanding the 
distribution of Pt and Rh on different systems will allow to reckon the fate and possible impacts 
caused by the increase of emergent contaminants such as PGE. 

This study is funded by the Portuguese Foundation for Science and Technology (FCT) through 
the PhD grant funding CEM (SFRH/BD/111087/2015), project UID/QUI/001002013 and COST 
Action TD1407 - NOTICE. 
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The application of advanced oxidation processes (AOPs) for organic compounds degradation has 
increased in recent years. New perspectives for these processes include, for example, the use of 
different types of reactors. In this sense, this study proposes the treatment of hydroquinone 
(HQ), one intermediate compound generated in the oxidation of other organics (e.g., benzene 
and phenol), by the Fenton process in a bubble column reactor (BCR). This application has never 
been reported in the literature. The experiments carried out in the BCR aimed evaluating the 
influence of the H2O2 dose and catalyst (dissolved Fe2+) concentration, air flow rate, initial pH 
and temperature in the HQ degradation and mineralization (total organic carbon – TOC – 
removal). The HQ was completely degraded after 5 min and it was reached ~42% of TOC removal 
after 4 h of reaction. The acute toxicity was null in the final effluent.  

Introduction 

The bubble column reactor (BCR) is a multiphase device with industrial importance for processes 
as hydrogenation, polymerization and oxidation, with easy maintenance and more effective for 
processes where mass transference is critical. For environmental applications, it was reported 
the use of BCRs by different AOPs, namely  ozonation for the treatment of liquid effluents (Shah 
et al. 1982)  and  UV/H2O2 for the treatment of  gas streams (Liu et al. 2010). However, it was 
never reported the application of the Fenton process, a classic AOP, in a BCR for liquid effluents 
treatment. This study aims to evaluate the possibility of employing the Fenton process in a BCR 
for HQ degradation, a compound reported as intermediate of the degradation of organics as 
benzene (Ito et al. 1988) and phenol (Bielicka-Daszkiewicz et al. 2004). Few studies report HQ 
degradation by AOPs, and it is expected that application of the Fenton process can ensure good 
degradation results.  

Experimental 

The Fenton process was carried out in a BCR (V = ~10 L, H = 1.40 m and ø = 9.8 cm) with a gas 
dispersion plate with 9 holes (ø = 0.5 mm); the jacketed column is connected to a thermostatic 
bath for temperature control. The installation had one pump (Agua medic, Mistral 2000) for 
feeding compressed air, which promotes the mixing inside the column, and two rotameters 
which allow the control of the air flow rate, in range of 1 to 5 mL/min (Figure 1). The BCR was 
fed with a given volume of the HQ solution (100 mg/L) and after stabilizing the temperature the 
initial pH was adjusted with H2SO4 1 M. Then, the catalyst (FeSO4.7H2O) was dissolved and 
subsequently the H2O2 (30% m/v) added, this instant corresponding to the one when the 
reaction started (t = 0). After certain periods of time samples were collected for measuring the 
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HQ and organics content (by HPLC) and TOC (in a Shimadzu TOC-L apparatus) after stopping the 
homogeneous reaction in the sampling flasks (with excess of Na2SO3). At the end of the reaction 
it was measured the effluent inhibition towards vibrio fischeri (in a Microtox apparatus). 

 
Figure 1. Schematic diagram of the experimental set-up. 

Results and Discussion 

In this work it was evaluated the effect of the air flow rate (1 to 5 mL/min), reaction temperature 
(15 to 70 oC), initial pH (3 to 7), H2O2 dose (0.25 to 1.50 g/L) and catalyst concentration (30 to 
120 mg/L). The HQ removal was complete in all runs carried out (in most cases after only a few 
minutes) and the acute toxicity of the effluent was in all cases reduced from 100% (in the sample 
with 100 mg/L of the HQ) to 0%, demonstrating that the treatment was effective in the reduction 
of the effluent toxicity. The air flow rate did not influence the efficiency of the Fenton process, 
although providing an efficient internal mixing in the BCR (assessed by sampling at different 
column heights). The maximum TOC removal (~42 %) was obtained when using the following 
conditions: T = 22-24 oC; pH = 3; [H2O2] = 0.50 g/L and [Fe2+] = 45 mg/L.  

Conclusions and perspectives 

The application of the Fenton process in a BCR was studied for the first time and proved to be 
effective for treating an HQ-containing effluent. Considering the good performance of the 
Fenton reaction obtained in this type of reactor, in a future work it will be evaluated the 
degradation of organic compounds present in the gas stream by this process in a BCR.  
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People say that we are what we eat, but is our daily routine somehow involved in what we eat? 

Most people’s daily routine includes the use of toiletries, like perfumes, lotions, shampoos, 

deodorants, sunscreens, but also, for household maintenance it is common the use of products 

like detergents, washing powders, fabric softeners or even air fresheners. Incorporated in these 

products are different classes of compounds frequently designated by personal care products 

(PCPs)(Alvarez-Rivera et al. 2013). Due to their massive use, continuous input and persistence in 

the environment, PCPs are now considered emerging pollutants and have raised concern in the 

scientific community. Within PCPs, synthetic musks (fragrance fixatives) and UV-filters 

(sunscreen active agents) are examples of compounds commonly used in cosmetics and 

toiletries (Pedrouzo et al. 2011). Although, the use of some of these compounds have been 

restricted or prohibited, they are still largely used. They are considered environmentally 

persistent contaminants that can bioaccumulate and are suspected to be hormone disruptors. 

An obvious endpoint for these compounds, are the wastewater treatment plants (WWTPs). 

However, conventional WWTPs are not completely efficient in their removal and/or 

degradation. Therefore, parent compounds and degradation products are discharged through 

effluents into surface waters (mostly hydrophilic compounds) or sorb into sludge (lipophilic 

ones). They have already been detected in wastewater effluents and sewage sludge and their 

transfer to crops has also been described (Homem et al. 2015; Ramos et al. 2015). So, sludge-

amended soils can be considered a way for the introduction of musks (SMCs) and UV-filters 

(UVFs) into the food chain through the uptake of crops (Prosser and Sibley 2015). So far, the lack 

of information regarding uptake analysis by different crop plants in sludge/compost-amended 

soils in real fields, has prevented the development of a real risk analysis studies. Therefore, the 

main goal of this study is to present the current state of the art on this theme, focusing on the 

levels found of SMCs and UVFs in sludge and sludge-amended soils and the uptake of those PCPs 

by vegetables after crop fertilization with sludge/compost. Some questions related to the 

analytical methodologies used to determine SMCs and UVFs in those different environmental 

matrices will be answered.  
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Sweet potato ethanol might be a sustainable alternative to diversify the energy matrix 
throughout the world. To ensure its use, after production, bioethanol must be upgraded (>99 
°GL). In the present study, quicklime was evaluated as a low cost material, to upgrade sweet 
potato bioethanol from a pilot scale plant, with an initial purity of 88 and 94 °GL. Experiments 
included the distillation of bioethanol under fixed conditions (78 °C, 600 mbar, 30 rpm and 1 h 
in a rotary evaporator) and varying CaO concentration (0.13, 0.20, 0.27, 0.33 and 0.40 g mL-1). 
The highest purity obtained was 99.4 °GL, using the highest concentration of CaO (0.40 g mL-1) 
with the ethanol initial grade of 94 °GL. 

Introduction 

Currently, biofuels are an important renewable source of energy and with growing investment 
prospects for the next decade. Bioethanol accounted for 74% of world production in 2015, 
followed by biodiesel with 22% and HVO (Hydrotreated Vegetable Oil) with 4% (REN 2016). 
Bioethanol is produced mainly by corn, sugarcane and sugar beet, but the sweet potato is a 
promising alternative source due to high alcohol productivities, of 10 467 L/ha (Silveira et al. 
2007), when compared to those obtained from corn, of 4 250 L/ha (Dunn et al. 2013), and 
sugarcane, of 7 224 L/ha (Urquiaga, Alves, and Boodey 2005). To obtain anhydrous ethanol, it 
is necessary to use processes and reagents that break the azeotrope (Ethanol:Water), such as 
ethylene glycol and glycerol, which can obtain purity values above 98 °GL (Navarrete-Contreras 
et al. 2014). Quicklime is a low cost material and can be a viable and sustainable alternative in 
the purification of bioethanol. Thus, the present work aims to study the effect of quicklime 
concentration on the purification of sweet potato bioethanol. 

Materials and Methods 

Sweet potato bioethanol was obtained in a small production plant with a capacity of 3 000 
L/day (Palmas-TO/Brazil), from which  a mean yield of 161.4 L/t and a minimum purity of 88.0 
°GL (or Vol.%) were obtained, according to previously established operating conditions (Silveira 
et al. 2007). The alcohol with lower grade was subjected to distillation in a rotary evaporator 
(Heidolph) under fixed conditions (76 °C, 600 mbar, 30 rpm, 1 h) to reach the maximum purity 
of 94.0 °GL, and these two alcohol grades were further studied. 

The purity (°GL) of the bioethanol was determined using a densitometer (Gay-Lussac/ALLA) 
according to NBR-5992 (ABNT 2008). CaO was obtained from calcination of calcium hydroxide 
(Quimirraia) at 850 °C using a furnace (Salfor) according to NBR 6473 (ABNT 2003). For sweet 
potato bioethanol upgrading, samples of 150 mL of alcohol (88.0 and 94.0 °GL) were used 
under fixed conditions of the rotary evaporator (78 °C, 600 mbar, 30 rpm, 1 h) varying the CaO 

 87



DCE17 | 2nd Doctoral Congress of Engineering  8 – 9th June, 2017 • Porto, Portugal 

Symposium on Chemical, Biological and Environmental Engineering 
 

concentrations (0.13, 0.20, 0.27, 0.33 and 0.40 g mL-1) on the basis of the stoichiometry 
hydration reaction of CaO. Experiments were performed in duplicate. 

Results and Discussion 

Figure 1 shows that ethanol purity was directly proportional to calcium oxide concentration, 
within the range studied (0.13 – 0.40 g mL-1). The highest purity, of 99.4 ± 0.1 °GL was obtained 
using a CaO concentration of 0.40 g mL-1, starting from the 94.0 °GL product. This value is very 
close (± 1%) to all presented standards about ethanol, being slightly higher (+ 1%) than that 
obtained by Navarrete-Contreras et al (2014).  using ethylene glycol (98.4 °GL). Note that no 
reflux or distillation stages were used for distillation, making this process simpler. 

 
Figure 1: Purities obtained from bioethanol (88.0 and 94.0 °GL) with different concentrations of CaO and 

comparison with grades on BR-ANP.7 (2011), EUA-ASTM.D4806 and UE-EN15376 (Force 2007) . 

Conclusions 

The use of a low cost reagent – quicklime – for bioethanol upgrading was studied. The purity 
increased when CaO concentration increased, and it was shown to be possible obtaining the 
highest purity of 99.4 °GL using 0.40 g mL-1 of CaO, a grade very close (± 1%) to that from the 
existing standards  in USA, Brazil and Europe. 
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Arsenic is a toxic and carcinogenic semi-metal. Its presence in water bodies and drinking water 
supplies is due to natural deposits but also to mining, industrial and agricultural practices. The 
goal of the present study was the evaluation of an alternative process for removing this 
element from water, based on adsorption on Sargassum muticum seaweed, after being coated 
with iron (50 mg-Fe/g). 

As it can be seen in Figure 1(a), the iron-coated S. muticum is viable for the removal of arsenic 
from water. In the pH range 2-7, adsorption of As(V) was independent of pH, while As(III) 
uptake increased with pH, reaching a maximum level at pH 7. Similarly, iron leaching from the 
adsorbent decreased with increasing pH, due to the higher solubility of iron hydroxides in 
acidic medium. Under studied conditions, the percentage of iron loss varied between 2% (pH 
7, As(V)) and 27% (pH 2, As(III)).   

 
Figure 1. pH effect on: (a) As(III) and As(V) adsorbed amounts (q, mg/g) and on (b) iron leached by the 
adsorbent. Arsenic initial concentrations=25 mg/L, contact time=4h, 20°C, adsorbent dosage 10.0 g/L. 

Adsorption kinetics (Figure 2) and equilibrium were studied for As(III) and As(V). Kinetics was 
especially well described by pseudo-second order model. Langmuir model fitted to equilibrium 
data indicated maximum adsorption capacities of 4.2 mg/g for As(III) and 7.3 mg/g for As(V), at 
pH 7 and 20°C. These values compare favourably to other similar adsorbents in the literature 
(Ungureanu et al. 2015). The proposed adsorption mechanism is based on the assumption that 
As(V) was the adsorbed As species, with the oxidation of As(III) to As(V) before uptake by the 
adsorbent, and Fe(III) reduction to Fe(II). This was supported by the following observations: (i) 
the speciation of As and Fe in aqueous solution after adsorption (obtained using voltammetric 
techniques and colorimetric methods) indicated the presence of As(V) and Fe(II); (ii) a higher 
adsorption capacity was obtained for As(V), when compared to As(III);  (iii) higher iron leaching 
in As(III) adsorption tests (Figures 1(b) and 2), caused by higher dissolution of iron due to the 
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reduction of Fe(III) to Fe(II), increasing its soluble concentration and (iv) no difference was 
observed between the infrared spectra of loaded-adsorbents, obtained when As(III) or As(V) 
were used as adsorbates. 

 
Figure 2. Iron leaching on the As(III) and As(V) samples as a function of time (As initial concentration=25 

mg/L, pH=7, 20°C, adsorbent dosage 10 g/L). 

The performance of As adsorption on the iron-coated S. muticum was compared to 
coagulation/flocculation (coagulant: 12 g/L Fe2(SO4)3), in the treatment of a groundwater 
sample, contaminated with As(III). Both processes provided practically 100% of arsenite 
removal, leading at best to final As concentrations of 13 µg/L, after the adsorption and 
precipitation assays, and 15 µg/L, after the coagulation/flocculation process (Table 1). 

Table 1. Treatment of the As-contaminated water (2.5 mg As/L): As removal percentages and final As 
and Fe concentrations obtained by adsorption and coagulation/flocculation in optimal conditions. 

 As (µg/L) As removal (%) Fe (mg/L) 

Adsorption at pH 4 42 67 123 
Adsorption at pH 4 + precipitation at pH 6 14 99.5 1.6 
Adsorption at pH 4 + precipitation at pH 8 13 99.5 1.9 

Coagulation/Flocculation at pH 9 15 99.4 <0.5 
 

Adsorption on the iron-coated S. muticum seems to be an interesting alternative treatment for 
the removal of arsenic from water, with environmental advantages over other technologies: 
low amount of sludge, possibility of algae regeneration and posterior utilization, and 
alternative management option for dead algae. Further studies are necessary to prove the 
proposed adsorption mechanism and to try to minimize iron leaching to the solution. 
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Introduction 

For each one liter of sugarcane bioethanol distilled generates 10 to 14 L of vinasse, a byproduct 
that can be used as a fertilizer. It has a high energetic potential that can be converted into a 
readily usable form, such as biogas, mostly made up of methane. The availability of nutrients, 
different configurations of anaerobic reactor and operational strategies are important issues for 
achieving stability in the production of methane and quality biodigested vinasse. These issues 
must be solved before widespread production of biogas from vinasse can be implemented. The 
use of the filter cake in the vinasse for a two-stage process with reactors in series could solve 
many of these issues. We use a thermophilic anaerobic treatment because the vinasse leaves 
the distillation process with high temperatures. Currently there is no established technology for 
using filter cake in vinasse anaerobic digestion reactors. The purpose of our study was to 
evaluate the thermophilic anaerobic conversion of vinasse in upflow anaerobic sludge blanket 
(UASB) reactors, in two stages, with high organic loading rate (OLR) to obtain high methane 
production. For this, the OLR was increasing from 5 to 55 g totalCOD (L d)-1, with 
supplementation of alkalinity and nutrients through the filter cake and effluent recirculation.  

Material and methods 

The sugarcane vinasse influent used was from distillation of hydrous ethanol to feed the UASB 
reactors installed in series (Reactor 1 (R1) and Reactor 2(R2)), with volumes of 12.1 L (R1) and 
5.6 L (R2), maintained in the range (54 to 56 °C). The amount of filter cake used per liter of 
vinasse was based on the COD:N:P ratio of 350:5:1 recommended for anaerobic digestion 
(Chernicharo 2007). 

Table 1. Operating conditions of UASB reactors in two stages (R1 and R2), thermophilic vinasse treatment. 

Days in operation 1 to 110 110 to 170 171 to 230 231 to 310 311 to 380 381 to 460 
Organic loading rate (R1)  

(g tCOD (L d)-1) 8 18 28 32 45 37 

Organic loading rate (R2) 
(g tCOD (L d)-1) 13 26 30 38 49 55 

Hydraulic retention time R1 (24h) and R2 (11 h) R1 (17h) and R2 (8 h) 

Source of N and P Filter Cake 

Alkalinity Soure Recirculation of the R2 effluent 
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After 340 days of operation, quantitative real-time PCR (qPCR) was conducted with DNA samples 
isolated from the reactor sludge, three samples of R1 and three of R2. This procedure was 
performed in order to verify if there are significant differences in the quantification of the 
microorganisms along the height of the reactors digestion chamber. 

Results and discussion 

OLR gradually increased during the 460 days of processing. The values increased from 8 to 45 g 
tCOD (L d)-1 in R1 and 13 to 55 g tCOD (L d)-1 in R2. Total volatile acids (TVA) and partial alkalinity 
(PA) values increased with OLR, TVA values ranged from 1472 to 5095 mg L-1 in R1 and 1456 to 
4605 mg L-1 in R2, AP values were 1584 to 3327 mg L-1 in R1 and 1517 to 3877 mg L-1 in R2. The 
system displayed operational stability and satisfactory buffering capacity during the 
experimental period, as demonstrated by the increase in both values of PA and of TVA. The 
highest COD removal efficiency was 60%, similar to the values obtained by Fuess et al. (2017). 

The methane production in the anaerobic digestion of vinasse is extremely important to make 
the technology application feasible. High volumetric methane production was obtained in this 
work, reaching levels up to 4.1 L CH4 L-1 d-1 d-1 in R1 and 1.4 L CH4 L-1 d-1 in R2. The methane 
concentrations in biogas varied between 49 to 65% in R1, and 49 to 79% in R2, the highest 
concentrations of methane in the biogas occurred in R2 suggesting high hydrolytic and 
acidogenic activity in R1, with higher TVA concentrations.  

Quantification of microorganisms indicated a balance between domains archaea and bacteria, 
with (3x109 and 2x109 copies/g in R1 and R2, respectively) and archaea (4x108 to 7x108 copies/g 
in R1, 2x108 copies/g to 5x108 in R2). In order for the stability in the anaerobic reactors to occur, 
the archaea concentration must be higher then or close to the bacteria levels. At these levels, 
the archaea can efficiently use the substrates produced by the bacteria, since these 
microorganisms have low growth rate. 

The use of filter cake and recirculation of the effluent under thermophilic conditions allowed us 
to reach high OLR. We observed adequate nutrients availability for anaerobic digestion of 
vinasse in the system influent. 

Conclusion 

This study demonstrates high methane production from vinasse. Both sugar clarification filter 
cake and effluent recirculation was important to elevate organic loading rates (OLR) up to 45 
and 49 g tCOD (Ld)-1 in R1 and R2. Under these conditions in stability, the amounts of bacteria 
and archaea in the sludge were balanced. The configuration of the reactors in series contributed 
to the increase of the anaerobic conversion from vinasse to methane and the process stability. 
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Antibiotics are chemotherapeutic agents that inhibit or prevent the growth of microorganisms 
and, more recently, they have been recognized as an emerging class of environmental 
pollutants. These compounds are used in veterinary and human medicine on a large scale, 
therefore a significant quantity of pharmaceuticals is continuously spreading into environment 
(Carvalho and Santos 2016).  

The excretion rate of veterinary antibiotics is dependent of the administrated substance, the 
application form, the animal species and the duration of the treatment. Nevertheless, its 
absorption is incomplete being estimated that 90% of the initial dose is eliminated in a non-
metabolized way or as active metabolites (Tasho and Cho 2016). 

The excrements reached the environment as result of the ineffective treatment in wastewater 
treatment plants since they are not prepared to remove this type of contaminants. The 
contaminated effluents (liquids or solids) could achieve the natural watercourses or the 
agricultural soils owed to their use as irrigation water or fertilizer. From the soil, antibiotics could 
disseminate to groundwater or through metabolic processes they could be accumulated by 
vegetables and plants (Thiele-Bruhn 2003). 

As a result of this diffusion through aquatic (e.g. superficial and groundwater) and terrestrial 
environments (e.g. soil and vegetables matrices), it is promoted the development and 
dissemination of antibiotic resistance bacteria, which is becoming one of the most crucial 
problems concerning about public health. 

The antibiotics selected for this work are metronidazole, sulfamethoxazole and trimethoprim 
due to the increment of their presence in environment because of their significant use on 
veterinary and human medicine. The interest of studying sulfamethoxazole and trimethoprim 
simultaneity is on account of their synergetic effect.  

Studies in this area report a wide variety of extraction methods which, more recently, include 
QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe). This technique is becoming one of 
the most applied methodologies to extract a broad range of contaminants that are present in 
solid samples, such as soil and vegetables matrices (Bruzzoniti et al. 2014). 

This study focus on the above-mentioned antibiotics and on development, optimization and 
validation of a combined instrumental method using QuEChERS as extraction methodology and 
HPLC-DAD (High Performance Liquid Chromatography – Diode Array Detector) as analytical 
technique. In order to get an overview of the behaviour of these contaminants in soil and 
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vegetables it was study their distribution in real matrices (soils and vegetables) with pre-
established conditions. 

This study may be relevant for future works once there is no legislation for this specific class of 
contaminants. Moreover, their concentrations in environment have tendency to increase 
accounting the population growth. In addition, accumulation of these contaminants in 
environment could contaminate food resources and they also could represent a potential issue 
for public health. 
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Aromatic aldehydes are compounds widely employed in industry as building block for several 
chemical processes, like in fragrances and pharmaceuticals production. Normally, their synthesis 
at industrial scale requires the use of homogeneous catalysts, organic solvents, and severe 
conditions of temperature and pressure. Photocatalysis is considered an environmentally 
friendly alternative, since light is used for catalyst activation and the process may occur under 
ambient temperature and pressure, thus decreasing the harsh conditions used in typical 
industrial organic synthesis. 

In the domain of semi-conductive carbon materials with photocatalytic activity, carbon nitrides 
(C3N4), and specifically graphitic carbon nitride (g-C3N4), attracted the attention of the scientific 
community due to its benign chemical composition (mostly composed by C and N, and a minor 
percentage of H) and the capacity of being effectively activated by visible light excitation. 

One of the main bottlenecks of g-C3N4 is the low surface area which is may play a crucial rolein 
specific reactions. Similarly to graphene, g-C3N4 layers can be separated and etched into g-C3N4 
nanosheets by thermal, physical and chemical methods (Figure 1), normally resulting in an 
increase in the surface area and consequently in the photocatalytic activity in comparison to the 
bulk catalyst (Han et al. 2015).  

 

 

In the present work, the selective photocatalytic conversion of alcohols to aldehydes was 
studied using environmental-friendly conditions using water as solvent, metal-free catalysts, 

Figure 1. SEM images of bulk g-C3N4 (a) and thermal post-treated g-C3N4 (b).  
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natural pH, ambient temperature and pressure, and light emitting diodes (LEDs) as highly-
efficient and low cost radiation sources.  

The exfoliated g-C3N4 material was obtained by thermal treatment of bulk g-C3N4 to produce few 
layered nanosheets, which were then subjected to ultra-sonication. The resulting exfoliated 
catalyst was then used for the selective oxidation of a set of benzylic alcohols to the 
corresponding aldehydes (Figure 2).  

 

 

 

The best performing systems were those using benzyl alcohol (-H), 4-methoxy benzyl alcohol  
(O-CH3) and 4-methyl benzyl alcohol (-CH3). The results indicate that the photocatalytic activity 
is greatly influenced by the nature of the substituent in the para position (Xu et al. 2017), the 
conversion being enhanced by the presence of electron-donating groups. A maximum of 76% of 
yield with 78% selectivity was obtained for the production of 4-methoxy benzaldehyde under 
the selected conditions. 
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Figure 2. Photocatalytic oxidation of a set of aromatic alcohols to the respective aldehydes. 
Experimental conditions: 0.5 g L−1 catalyst, [BA]0 = 1.5 mM, Vi = 50 mL, LEDλ = 392 nm. 
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Heterogeneous photocatalysis has been established as a promising alternative to traditional 
thermal catalytic processes used in the synthesis of organic compounds. It presents advantages 
as the possible use of aqueous solvents, room temperature, atmospheric pressure and energy-
efficient light sources (Di Paola et al. 2015). Aromatic aldehydes, as vanillin, are compounds with 
several industrial applications, which make their production processes an interesting research 
line (Augugliaro et al. 2012). 

In this work, zinc oxide (ZnO) synthetized by chemical vapor deposition (CVD) was combined 
with different amounts of carbon nanofibers (CNF) to form hybrid photocatalysts. SEM 
micrographs of ZnO reveal a tetrapod-like morphology (Figure 1a). The typical morphology of 
CNF/ZnO composites can be observed in Figure 1b, with CNF surrounding the ZnO tetrapods. 

Figure 1. SEM micrographs of ZnO (a) and CNF/ZnO hybrid (b) materials. 

The presence of CNF contributes to an increase in the surface area of the catalysts, as compared 
to neat ZnO. Although the band-gap of the ZnO-based materials is not significantly changed by 
the presence of the carbon phase, the photoluminescence of the material undergoes a 
dramatically decrease. This may be indicative of a decrease in the electron/hole recombination 
mechanism. 

The efficiency of the photocatalytic materials was assessed for the synthesis of vanillin (V) 
through oxidation of vanillyl alcohol (VA) in aqueous media under UV-LED irradiation, by 
monitoring the conversion (C), yield (Y) and selectivity (S), following the concentrations of the 
reagents and products by high performance liquid chromatography (HPLC). 
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The effect of a carbon phase was assessed by increasing the CNF content of the photocatalytic 
material from 5, to 10, to 15 and to 20 wt. % with relation to the metal oxide.  The photocatalytic 
performance of the hybrid catalysts was compared against the results obtained with neat ZnO 
in the same reaction (Figure 2a). The best results were obtained with the material containing 10 
wt.% of CNF, reaching 50% of VA conversion and 20% yield of V (corresponding to S = 40%). 

Finally, ZnO and the best performing hybrid catalyst were tested in the conversion of other 
aromatic alcohols (anisyl alcohol and piperonyl alcohol) into the respective aldehydes 
(anisaldehyde (A) and piperonal (P), Figure 2b). 

Figure 2. C, S and Y towards V production using different contents of CNF (a). Photocatalytic production 
of aromatic aldehydes (V, solid; A, semi-solid; P, open) by ZnO (circles) and 10%CNF/ZnO (triangles) (b). 

The results show that the relative efficiency of ZnO and CNF/ZnO depends on the target reaction. 
The synergetic effect promoted by the presence of the carbon phase is more evident for the 
production of vanillin. 

Acknowledgments 

This work was financially supported by Project POCI-01-0145-FEDER-006984 – Associate 
Laboratory LSRE-LCM funded by FEDER through COMPETE2020 - Programa Operacional 
Competitividade e Internacionalização (POCI) – and by national funds through FCT - Fundação 
para a Ciência e a Tecnologia. R.A.F. acknowledges the PhD fellowship funded by Project NORTE-
08- 5369-FSE-000028, supported by Norte Portugal Regional Operational Programme (NORTE 
2020), under the PORTUGAL 2020 Partnership Agreement, through the European Social Fund 
(ESF). C.G.S. acknowledge the FCT Investigator Programme (IF/00514/2014) with financing from 
the European Social Fund and the Human Potential Operational Programme. 

References 

Augugliaro, Vincenzo, Giovanni Camera-Roda, Vittorio Loddo, Giovanni Palmisano, Leonardo 
Palmisano, Francesco Parrino, and Maria Angela Puma. 2012. “Synthesis of Vanillin in Water by 
TiO2 Photocatalysis”. Applied Catalysis B: Environmental 111–112: 555–61. doi: 
10.1016/j.apcatb.2011.11.007. 

Paola, Agatino Di, Marianna Bellardita, Bartolomeo Megna, Francesco Parrino, and Leonardo 
Palmisano. 2015. “Photocatalytic Oxidation of Trans-Ferulic Acid to Vanillin on TiO2 and WO3-
Loaded TiO2 Catalysts”. Catalysis Today 252: 195–200. doi: 10.1016/j.cattod.2014.09.012. 

 

 98



DCE17 | 2nd Doctoral Congress of Engineering  8 – 9th June, 2017 • Porto, Portugal 

Symposium on Chemical, Biological and Environmental Engineering 
 

Adsorption behaviour of MIL-100(Fe) under vapour 
water  

M.P. Silva1*, A.M. Ribeiro1, C.G. Silva1, J. Faria1, J.M. Loureiro1, J.-S. Chang2, 
A.E. Rodrigues1 and A. Ferreira1 

1 Laboratory of Separation and Reaction Engineering - Laboratory of Catalysis and Materials (LA / LSRE-LCM), 
Associate Laboratory LSRE/LCM, Faculty of Engineering University of Porto, Portugal 

2 Catalysis Center for Nanocatalysts, Korea Research Institute of Chemical Technology (KRICT), Jang-dong 100, 
Yuseong, Daejeon, Korea 

*mpsilva@fe.up.pt 

Keywords: MIL-100(Fe), adsorption, water. 

MIL-100(Fe) is a material which presents great potential for water extraction by adsorption 
processes. Water vapour presented isotherms type VI and the adsorbed amount was of 
approximately 35.0 mol.kg-1 at 283 K for p/p0 = 0.93. DRIFT spectra showed an upward trend 
proving the continuous water adsorption until reaching equilibrium after 120 min.  

Introduction 

Extraction of water (H2O) from atmospheric air by adsorption base technologies is a method for 
H2O production. Some Metal Organic Frameworks (MOFs) show a great potential in H2O 
adsorption, being stable under H2O adsorption/desorption cycles. This study evaluates the MOF 
MIL-100(Fe) potential as adsorbent for adsorption based atmospheric H2O extraction processes.  

Materials and Methods 

Granulates of MIL-100(Fe) (Figure 1) were synthesized at the KRICT (Seo et al. 2012, Yoon et al. 
2010) and prepared accordingly with procedure presented in Ribeiro et al. (2013). 

 

Figure 1. MIL-100(Fe) granulates as provided by KRICT. 

Adsorption equilibrium isotherms were assessed by means of a gravimetric system using a 
Rubotherm magnetic suspension balance in batch mode. While, diffuse reflectance infrared 
Fourier transform (DRIFT) spectra measurements were conducted using a Jasco FT/IR-6800 
spectrometer equipped with a DiffusIR™ diffuse reflection. 

Discussion 

The H2O equilibrium adsorption isotherms present type VI isotherm (Figure 2).  
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Figure 2. H2O vapour adsorption–desorption isotherms on MIL-100(Fe) at 283, 303 and 323 K (filled 
symbol: adsorption, open symbol: desorption). 

H2O adsorption spectra (Figure 3) were obtained after feeding a continuous stream of helium 
saturated in H2O at room temperature. Adsorption equilibrium for these feed conditions was 
achieved about 120 min after the inlet of the moist stream.  

 

 

 

 

 

Figure 3. DRIFT spectra during water saturation of MIL-100(Fe). 

Conclusions 

H2O isotherms present a Type VI isotherm shape, not being visible any hysteresis. Regarding 
DRIFT spectra, in the range 4000-1750 cm-1 a gradual rise of bands and peaks is visible due to 
H2O adsorption on the material.  
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Abstract 

Microbial Fuel Cells (MFCs) are bio-electrochemical systems capable of transforming the organic 

matter into electricity, by using microorganisms that perform the oxidation of the organic 

matter and transfer the electrons produced, directly or through mediators, to the anode, under 

anaerobic conditions. Winery wastewaters have a chemical composition that allows its 

treatment by biological processes. In this context, MFCs seem to be a good option to perform 

that since, unlike the traditional wastewater treatment technologies (such as anaerobic 

digestion), do not need high electrical energy inputs. Therefore, this work intended to evaluate 

the viability of seven different microorganisms (Acetobacter aceti, Gluconobacter oxydans, 

Saccharomyces cerevisiae, Zygosaccharomyces bailii, Zygosaccharomyces rouxii, Bacillus cereus 

and Escherichia coli) in a synthetic winery wastewater, in order to identify the two 

microorganisms with higher growth rate and study their performance in a single-chamber MFC. 

The microorganisms were chosen due to their adaptive behaviour in wine wastewater 

conditions. 

Introduction 

Microbial Fuel cells (MFCs) are a sustainable way to produce energy since they combine the 

electricity generation and the wastewater treatment. MFCs are seen as very promising 

alternative to the traditional wastewater treatment facilities, which require a higher input of 

energy. Usually MFCs are composed by an anode, an external circuit, a cathode and a 

semipermeable membrane that separates de anode and the cathode sides. At the anode occurs 

the oxidation of the organic matter and the extracellular transference of electrons and protons 

by the microorganisms, under anaerobic conditions. The external circuit is responsible for the 

transference of electrons from the anode to the cathode. At the cathode the electrons are 

released and transferred to a final electron acceptor, with high reducing potential (such as 

oxygen), producing water. The semipermeable membrane facilitates the protons transfer to the 

cathode and allows the operation of the MFC with different pH conditions on both sides.  

Winery industries worldwide produce billion of litters of wine every year and consequently high 

quantities of winery wastewaters (WW) must to be treat before being disposal. Bustamante et 

al. 2005, studied the composition of eight Spanish winery effluents and conclude that in those 

effluents existed reasonable percentages of nitrogen, heavy metals, polyphenols and nutrients. 
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According to Malandra et al. 2003, most of the winery wastewaters have a high organic charge 

with an average chemical oxygen demand (COD) between 800 and 12 800 !" $% &⁄ , 

considerable ratios of organic acids (acid acetic, acid tartaric, acid propionic) alcohols (ethanol, 

propanol, glycerol), esters and an acid pH between 3 and 4. In general, the concentrations of 

these different compounds in the WW exceeds the limits established for their application in 

irrigation water to agriculture. In order to avoid environmental issues related with the WW 

disposal, biological winery wastewater treatments, such as anaerobic digestion and activated 

sludge reactors, are crucial to allow the use of these effluents in agricultural soils as fertilizers, 

however this kind of treatments represent high costs to the winery industry. For that reason, 

founding new lower cost technologies is assumed as a major concern. In this context, the use of 

MFCs to accomplish this treatment, a technology without high energy necessities, appears as an 

attractive idea for this sector. Nonetheless, until now, only a few studies have reported the 

winery wastewater treatment with MFCs and in those studies only Acetobacter aceti, 

Gluconobacter roseus and activated sludge were used as anodic inoculum (Rengasamy, et al. 

2011). In this work, Acetobacter aceti, Gluconobacter oxydans, Saccharomyces cerevisiae, 

Zygosaccharomyces bailii, Zygosaccharomyces rouxii, Bacillus cereus and Escherichia coli were 

analysed thru its cell viability in a synthetic winery wastewater (SWW). These microorganisms 

were chosen based on the fact that they are very resistant and therefore can survive in the wine 

effluent conditions. Among these seven microorganisms, the two that presented a high 

adaptation to the SWW were selected and properly characterized, thru its growth phase curve, 

with the objective of being further used in a single-chamber MFC (SCMFC). The cell performance 

was evaluated in terms of the power density achieved, the biofilm formation and the COD 

removal rate.      

Materials and Methods 

The seven microorganisms were inoculated as single cultures in 60 mL of SWW (Malandra et al. 

2003) at ambient temperature during 72 hours. The microorganisms were cultivated by the 

plating method in a PCA medium at 28 oC and different periods of time (0 h, 2 h, 24 h, 48 h and 

72 h of the inoculation). The Colony Forming Units (CFU) counting was made according to the 

different microorganism’s growth cycles. For B. cereus, the CFU counting was made after 16 

hours, for E. coli after 24 hours, for A. aceti, G. oxydans, S. cerevisiae and Z. bailii after 48 hours 

and for Z. rouxii after 72 hours. The OD600nm, optical density, was also measured in the 

spectrophotometer for each culture.    
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1. Introduction 

Microencapsulation is a technique which allows an active principle, the core, to be covered by 
an external material, a membrane. Microcapsules usually present a spherical shape with size 
between 1 and 1000 µm (Bansode et al. 2010). This size is controlled by the mixing quality 
achieved in one of the most important steps for microencapsulation, emulsification. Emulsions 
can be of different types (double emulsion, oil-in-water or water-in-oil) and are usually obtained 
using typical mechanical stirrers, ultrasonication or homogenizers (Santos 2011). The goal of the 
present work is to obtain an oil-in-water emulsion using the NETmix technology (Laranjeira et 
al. 2011, Laranjeira et al. 2009, Lopes et al. 2005). NETmix consists of a network of 
interconnected chambers and channels: chambers operate as mixing zones while channels 
behave as a plug flow. Above a critical Reynolds number (circa 150) the system evolves to a self-
sustained oscillatory laminar flow regime inducing local strong laminar mixing. The NETmix 
reactor allows continuous production where the mixture is obtained in a few seconds and using 
different injection schemes for the reactants may result in different mixing properties. The 
Reynolds number is easily controllable by changing the flow rate of the reactants. The obtained 
emulsions can be used in the production of microcapsules of resin with an oleic core through 
polycondensation reaction for textile applications.  
 

Materials and Methods 

The emulsion was obtained on a Lab-scale NETmix comprising 8 input and output chambers, by 
mixing two solutions: an aqueous solution of resin (A) and an oleic active principle (B). It was 
tested at Reynolds number of 200 and injection scheme with alternated inputs of reactants A 
and B.  

The morphology of emulsion was characterized by optical microscopy and scanning electronic 
microscopy (SEM), and the diameter distribution was analyzed by laser diffraction.   

2. Discussion 

In the emulsion obtained from NETmix, the droplets of oil are dispersed on an aqueous solution 
that contains the membrane built from the resin. Optical microscopy shows droplets of oil with 
a regular and spherical shape (Figure 1a). Through SEM imaging, it is possible to observe some 
small microcapsules (Figure 1b). It is believed that membranes are already formed in this step, 
encapsulating the oil (Figure 1a). However, a curing process may be required in order to 
consolidate the membranes, resulting in more stable microcapsules. Using Laser Diffraction, the 
volume particle size distribution of the emulsion is obtained, with an observed mean 
microcapsules diameter of 65 µm (Figure 1c). The observed size by optical microscopy matches 
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with the mean diameter obtained from laser diffraction. However, SEM imaging does not 
corroborate with this observation. A possible explanation is that once the first microcapsules 
are produced during the emulsification step, these are not stable enough to keep their physical 
consistency when dried. This is why the larger microcapsules tend to break after drying, while 
the smaller, which are more stable, keep their shape intact. 

   
(a) (b) (c) 

Figure 1: (a) Optical microscopy (x500) image of emulsion; (b) SEM image (x100) of dried emulsion; (c) 
Volume particle size distribution of emulsion. 

3. Conclusions 

The key step of microencapsulation techniques, emulsification, is performed in a continuous 
process, using the NETmix reactor. An oil-in-water emulsion was produced with mean diameter 
around 65 µm and optical microscopy of emulsion confirms their spherical shape. SEM imaging 
shows that in this step, possibly some microcapsules are produced, however these are not 
stable.  

The produced emulsion allows the production of melamine-formaldehyde microcapsules with 
an oleic active principle. However, in the future, the process must be optimized for example 
decreasing the mean diameter of emulsion by increasing the Reynolds number. 
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Abstract	

This	 paper	 outlines	 the	 use	 of	 public	 procurement	 for	 the	 acquisition	 of	 copy	 paper	 and	

graphic	paper	in	Europe.	The	main	objective	of	this	work	is	to	carry	out	a	global	vision	of	Green	

Public	Procurement	(GPP)	and	what	they	imply,	that	is,	the	criteria	underlying	them.	In	order	

to	achieve	this	objective,	 the	paper	starts	with	a	description	of	what	the	GPP	 is,	 the	sectoral	

groups	covered	by	them	and	the	applicable	criteria.	 Is	also	made	an	analysis	of	the	technical	

specifications	 that	meet	 the	GPP	 criteria	 for	 the	purchase	of	 copy	paper	 and	 graphic	 paper.	

Finally,	 four	 case	 studies	 are	 evaluated	 from	 four	 European	 Community	Member	 Countries:	

Bulgaria,	Spain,	Hungary	and	 Italy.	An	 important	 result	of	 this	 study	 is	 that	 the	GPP	process,	

contrary	 to	what	 can	 be	 interpreted,	 does	 not	 imply	 necessarily	 an	 increase	 in	 costs	 in	 the	

procurement	 process	 of	 products	 and/or	 services	 by	 the	 public	 administrations	 of	 each	

country.		

Introduction	

Green	 Public	 Procurement	 (GPP)	 is	 a	 process	 whereby	 public	 entities	 seek	 to	 purchase	

products	and	services	which,	when	compared	to	products	and	services	with	the	same	function	

but	not	purchased	through	GPP,	have	a	reduced	environmental	 impact	 throughout	 their	 life.	

[1]	

The	Green	Public	Procurement	criteria	of	the	European	Union	(EU)	are	developed	to	facilitate	

the	inclusion	of	green	requirements	in	public	tender	documents.	Although	the	EU	GPP	criteria	

aim	 at	 a	 good	 balance	 between	 environmental	 performance,	 cost	 considerations,	 market	

availability	and	easy	verification,	contracting	authorities	may	choose,	according	to	their	needs	

and	ambition,	all	or	only	requirements	in	their	tender	documents.	[2]	

In	 this	 way,	 the	 European	 Commission	 has	 defined	 a	 specific	 set	 of	 twenty	 one	 groups	 of	

products	and	services.	The	copy	paper	and	graph	paper	is	one	of	them.	[3]	

For	the	groups	described,	a	collection	of	criteria	was	proposed,	and	these	were	created	with	

the	main	objective	of	promoting	the	acceptance	of	GPPs	by	contracting	entities.	According	to	

the	"Uptake	of	Green	Public	Procurement	in	the	EU27"	report,	there	are	two	types	of	criteria	

used	in	GPP.	On	the	one	hand,	we	have	the	fundamental	criteria,	which	translate	into	criteria	

that	 can	be	appropriate	 for	any	 contracting	entity	 that	 is	 concerned	with	and	addresses	key	

environmental	 impacts	 across	 Europe;	 these	 criteria	 have	 been	 designed	 to	 avoid	 possible	

additional	checks	and	 increased	costs.	On	 the	other	hand,	 there	are	complementary	criteria,	

which	 are	 intended	 for	 contracting	 entities	 whose	 objective	 is	 to	 acquire	 the	 best	
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environmental	products	on	 the	market.	 These	 criteria	may	already	 require	additional	 checks	

and	possibly	a	slight	 increase	 in	cost.	 In	essence,	what	distinguishes	the	two	types	of	criteria	

for	EPC	is	the	level	of	ambition	of	the	contracting	authority.	[3]	

Case	studies	results	

Case	 studies	 were	 analyzed	 in	 four	 countries:	 Bulgaria,	 Spain,	 Hungary	 and	 Italy.	 After	

analyzing	the	case	studies,	the	results	were:	

• Bulgaria	-	100%	recycled	paper	in	the	Bulgarian	Ministry	of	Environment	
The	Ministry	of	 the	Environment	 carried	out	a	pre-purchase	analysis	of	 the	market	prices	of	
recycled	 and	 non-recycled	 paper	 for	 printers,	 and	 it	 was	 revealed	 that	 both	 have	 an	
approximate	 cost,	 and	 recycled	 paper	 meets	 all	 the	 required	 technical	 characteristics.	 As	 a	
successful	outcome	of	the	GPPs,	the	Ministry	proposed	to	the	Central	Purchasing	Body	(CPB)	in	
Bulgaria	to	purchase	100%	recycled	paper.	[4]	

• Spain	-	Eco-shopping	in	Badalona	schools	
Based	 on	 the	 information	 obtained	 after	 the	 analysis	 of	 the	 acquisitions,	 six	 individual	 GPP	
Action	 Plans	 were	 prepared	 in	 Spain.	 Currently,	 in	 Badalona,	 is	 being	 created	 a	 network	 of	
green	schools,	which	aims	to	monitor	the	application	of	a	guide	for	ecological	purchasing.	[1]	

• Hungary	-	Centralized	procurement	of	greener	office	supplies	
In	Hungary,	the	estimated	value	of	Green	Public	Procurement	for	office	supplies	was	HUF	4.4	
billion,	or	EUR	14.5	million	over	18	months.	The	framework	entered	force	on	January	31,	2011	
and	public	 entities	 have	 since	 acquired	 about	 980	million	HUF,	which	 is	 3.2	million	 euros	 in	
products	and/or	services.	[5]	

• Italy	-	Purchase	of	paper	for	the	local	governments	of	Lombardy	
The	 value	 of	 the	 GPP	 is	 approximately	 5.5	 million	 euros	 over	 a	 period	 of	 18	 months.	 The	
allocation	of	 the	 table	 results	 in	 the	 possibility	 for	 the	 1600	public	 entities	 in	 the	 Lombardy	
region	to	be	able	to	acquire	paper	of	various	sizes	and	qualities	from	a	high	ecological	supplier	
in	their	production	operations.	[6]	
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Abstract:  

Different technologies use different types of renewable energy sources (solar, wind, hydraulic) 
that are capable to compete with fossil fuels responsible for carbon dioxide emissions with 
strong impact in global warming (deLlano-Paz et al., 2015). Electrochemical systems are 
designed to produce sustainable energy, conversion, conservation and energy storage (Badwal 
et al., 2014). They are also designed to produce different chemical compounds and fuels (e.g. 
chlorine and aluminium)(Botte 2014).  

Bioelectrochemical systems (BES) are systems capable to convert chemical energy into 
electricity through the degradation of different sources of organic compounds with 
electrogenic microorganisms as biocatalyst (Bajracharya et al., 2016). These systems are also 
able to produce fuels or chemical compounds with different types of electroactive bacteria and 
different system’s configurations. The ability of microorganisms to form biofilms in electrode 
surfaces allows the transport of electrons from the oxidation of carbon sources to be captured 
by a terminal electron acceptor (Kracke, Vassilev, and Krömer 2015). BES systems were 
successfully applied in small, on site applications in autonomous systems, but the 
bioelectrochemical energy  produced was not stored (Peixoto 2012). Coupling a BES with a 
redox flow battery has potential to assemble innovative energy production and storage 
devices. 

Redox flow batteries (RFB) are electrochemical energy converting systems able to transform 
and store chemical energy in electricity. Redox chemical species (in soluble form) are 
introduced in external tanks of a fuel cell with a recirculation system that is used to generate 
energy (Pan and Wang 2015). The chemical and physical properties of the redox chemical 
species (e.g. solubility), redox potentials, and materials used (carbon electrodes, membranes, 
etc) are mainly responsible for the high-energy conversion and storage in RFB. These systems 
are considered suitable for large-scale applications  (Perry and Weber 2016). 

The aim of this work is the development of a system that couples BES and RFB in a disruptive 
way to produce and store bioelectrochemical energy. For this new technology a BES system 
using electroactive microorganisms that degrade simple carbon sources will be used to charge 
redox chemical species. Quinones compounds are being studied in BES for the conversion to 
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their reduced form. In the RFB this organic redox chemical species will be used for 
electrochemical energy conversion and storage in the form of electricity.   
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Introduction 

The main focus of protein crystallization has been in the production of high-quality protein 
crystals for 3D structure determination by X-ray diffraction. However, this is a complex and 
multiparametric process, involving thermodynamic and kinetic features, as well as the 
optimization of several variables, where there is not an accurate theory to substitute for 
empirical approaches (Giegé and McPherson 2006). In this context, droplet-based microfluidics 
allows the generation of hundreds of droplets, each one acting as a microreactor, enabling thus 
to perform high-throughput screening of protein crystallization experiments under identical 
conditions. 

The main goal of the present work is to develop an easy-to-use and cheap droplet-based 
microreactor for protein crystallization. The first part of the study aims at obtaining a broad 
range of droplet size by testing different flow rate ratios between the dispersed and the 
continuous phases (Qd/Qc). To study the regime of droplet formation, a range of low values of 
the Capillary number (Ca) was studied (Ca < 2 × 10-4). This part covers also a numerical study 
with CFD (Computational Fluid Dynamics) for the prediction of the droplet size. In a second part, 
it is intended to perform multiple microbatch lysozyme trials to study the influence of the 
droplet size on the nucleation mechanism. 

Materials and Methods 

The experimental set-up consists of a flow-focusing geometry coupled to a 1 mm diameter 
Teflon tube fixed by an acrylic plate, which is jacketed to control the temperature. Droplets were 
generated at the intersection between the continuous (silicon oil 1 cSt) and dispersed (aqueous 
solution) phases. Droplet size measurements were then conducted by image analysis. 
Microbatch lysozyme crystallization trials were carried out by mixing an egg white lysozyme 
(60 mg·ml-1) and a precipitant agent (sodium chloride 6% (w/v)) in a T-junction before the 
intersection between the continuous and dispersed phases. Both solutions were prepared in a 
0.2 M phosphate buffer adjusted to pH 4.7. After approximately 20 h, the formed crystals were 
counted by microscopy. Afterwards, nucleation rates were determined using the double pulse 
technique (Galkin and Vekilov 1999). Regarding the numerical study, 2D numerical simulations 
were performed using a FEM platform together with the Level-Set (LS) technique to capture the 
dynamic shape of the fluid interface between the two liquid phases. 
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Results and Discussion 

According to Figure 1, the developed droplet-based platform enabled to produce uniform and 
stable droplets with a very good frequency (up to 250 droplets per assay). It also allowed a large 
flexibility regarding the generated droplet volume (range of 0.9 - 18 µl). Figure 1 also shows a 
slight deviation between the numerical and the experimental results, probably due to the 2D 
geometry used in the simulations, which limits the prediction of the droplet curvature effects 
and the complex flow topology inside the droplet. 

 
Figure 1. Scaled lengths of the dispersed phase (Ld) by Teflon tube diameter (dt) as a function of the 
continuous fluid volumetric flow ratio (αc) for squeezing flow regime and transition lines between 

regimes [The error bars are standard deviations from three independent experiments]. 

Lastly, correlations reported by Zhu and Wang (Zhu and Wang 2017) and Kim et al. (Kim et al. 
2014) are in good agreement with experimental and numerical results, respectively (Figure 1). 
As to the lysozyme nucleation study, crystallization trials are currently being performed for 
further estimation of both the nucleation rate and induction time. 
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The purpose of the present work is to determine the potential of brown marine macroalgae 

Laminaria sp. and Fucus spiralis collected from the northern coast of Portugal to be used in a 

biorefinery context to obtain valorizable compounds. The biorefinery approach is 

recommended for the simultaneous production of biofuels, bioenergy and value-added co-

products for successful, efficient and cost-effective valorization of macroalgae biomass (Trivedi 

et al., 2015). Apart from alginate which is already commercially extractable, other known 

brown algae polysaccharides have shown important bioactive properties and industrial 

applications.   

The studied macroalgae were firstly washed with distilled water to remove impurities, sand 

and epiphytes and afterwards dried in the oven at 50° C. Chemical characterization tests 

performed with the dry biomass revealed a relatively high content of polysaccharides for all 

the tested algae, 28±2% for Laminaria sp. and 16.3±0.7% for Fucus spiralis. To determine the 

total polyphenolic content (TPC), an ultrasounds-assisted extraction (UAE) was performed in 

optimal conditions previously established: 70% ethanol, at 40° C, for 45 minutes extraction 

time (Lazar et al., 2016). Also, the use of ultrasounds and ethanol-water mixture as solvent are 

known to improve the polyphenols extraction yield and reduce the duration of the process 

(Kadam et al., 2015). The highest TPC values were generated at 40° C, 1.5±0.1 mg GAE g-1 for 

Laminaria sp. and 13.0±0.1 mg GAE g-1 for Fucus spiralis. The results obtained from the 

characterization tests are presented in table 1. 

Table 1. Characterization of selected macroalgae. 

 Humidity % Ash % Total polysaccharides % TPC (mg GAE g-1) 
Laminaria sp. 9.1±0.1 16.8±0.5 28±2 1.5±0.1 

Fucus spiralis 11.5±0.7 22.5±0.9 16.3±0.7 13.0±0.1 

 

The present work demonstrates that Laminaria sp. and Fucus spiralis can be used as 

important and valuable biomass sources to obtain polysaccharides and polyphenols. 

Even more, the use of innovative extraction methods such as ultrasounds can be 

successfully applied to generate better extraction products and yield. Based on the 

composition of the macroalgae biomass, a biorefinery flow sheet with sequential 

extraction steps was proposed for an efficient and sustainable processing (Figure 1).  
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Figure 1.Proposed biorefinery flow sheet for Laminaria sp. and Fucus spiralis. 
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The study aimed the description of household waste collected in the city of Juazeiro do Norte,

CE,  in  the  northeast  region  of  Brazil.  473 door-to-door  waste  samples  were  collected,

comprising 53 households registered, and the gravimetric composition of household waste was

performed.  In  total,  797.58  kg.  Was  a  prevalence  of  organic  waste  in  the  collected,  with

average of 58.49%. The total amount of recyclable materials corresponds to 18,21% of the total

waste generated.

1. Introduction

The study aimed the description of household waste collected in the city of Juazeiro do

Norte, CE, in the northeast region of Brazil. To know the quantities and composition of

urban solid waste is essential to draw up assertive strategies of waste management

(KARAK et al.,  2012),  as well  as for  the planning of  education programs which can

contribute to the reduction of  waste generation,  collection organization,  as  well  as

better disposal alternatives (KONRAD et al., 2015).

2. Materials and Methods

In the periods of 20-24 June and 15-19 August, 2016, 473 door-to-door waste samples

were collected, comprising 53 households registered by simple random sampling in the

city of Juazeiro do Norte. In total, 797.58 kg of waste were sampled and the gravimetric

composition of household waste was performed, according a sampling procedure done

in Konrad et al. (2010).

3. Discussion

Based on the data obtained, the description of household waste collected are shown in

Table 1, below:

Table 1. Description of household waste in Juazeiro do Norte. Source: the authors.

Waste type June (%) August (%) Average (%)

Organic waste 58.29 58.68 58.49

Plastic film 5.53 5.08 5.31

Symposium on Chemical, Biological and Environmental Engineering
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Rigid plastic 3.44 2.40 2.92

Polyethylene terephthalate (PET) 1.30 1.20 1.25

Paper/Newspaper 2.02 2.74 2.38

Cardboard 2.85 2.76 2.81

Composite packing (ECAL) 0.64 0.47 0.56

Glass 1.02 2.57 1.80

Metal 1.25 0.82 1.04

Styrofoam 0.15 0.26 0.21

Metalized plastic packaging 0.57 0.56 0.57

Diapers 10.39 10.85 10.62

Toilet paper 3.57 3.27 3.42

Rags/textiles 2.88 2.52 2.70

Wood 0.23 0.21 0.22

Rubber 0.15 0.49 0.32

Special waste 0.35 0.22 0.29

Construction and demolition waste 0.16 1.34 0.75

“Mela” - Recyclable rubber 0.26 0.01 0.14

Refuse 4.95 3.55 4.25

Total 100 100 100

According to Table 1, there was a prevalence of organic waste in the collected, with

average of 58.51%. The following materials and percentages average were identified as

recyclable  potential:  plastic  film  (5.31%),  rigid  plastic  (2.92%),  PET  (1.25%),

paper/newspaper  (2.38%),  cardboard  (2,81%),  ECAL  (0,56%),  glass  (1.80%),  metal

(1.04%) and “Mela” (0.14%). The total amount of recyclable materials corresponds to

18.21% of the total waste generated, in the present study. 

4. Conclusions

From this study, it was possible to know the composition of household waste collected

in the city of Juazeiro do Norte, CE, contributing to the improvement of aspects related

to the dimensioning of the structure necessary for the solid waste management in the

municipal scope.
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Hydrogen, with an energy content of 142 MJ/kg (gaseous state), is one of the most promising 
alternatives to fossil fuels (“Fuels - Higher Calorific Values” 2017). Nevertheless, it is not found 
in its pure form in the planet and it is not easy to store under safe conditions, since it is lighter 
than air and flammable. Chemical hydrides, for example sodium borohydride, are able to safely 
store H2. In theory, NaBH4 is composed of 10,8% hydrogen and, when reacting with water, 
releases 4 moles of H2 per mole of NaBH4, as shown in Equation 1. 

 
NaBH4+(2+x)H2O→NaBO2.x H2O+4H2+heat                       (1) 

In Equation 1, x represents the hydration factor. This reaction itself, although exothermic, 
requires a catalyst to lower the high activation energy of the reaction. Among different catalysts 
studied, an improved nickel-ruthenium based powdered one was selected to use in the 
experiments reported. Sodium hydroxide and additives are used in the hydrolysis reaction too. 
NaOH acts as an inhibitor in the hydrogen formation, stabilizing the sodium borohydride solution 
and avoiding spontaneous hydrolysis (Demirci 2015). The additives have different tasks, such as: 
the rearrangement of the NaBH4’s structure, lowering the energy of the B-H bonds, for example, 
carboxymethylcellulose, CMC; to promote the reactants-catalyst contact, since it decreases the 
mass transfer limitations, increasing the H2 generation yield and generation rate, for example, 
sodium dodecyl sulfate, SDS. 

Hydrogen production through hydrolysis of NaBH4 has great advantages for portable 
applications. However, for the development of an H2-PEMFC system for energy production, 
necessary some barriers must be overcome namely the recycling of by-product NaBO2. This can 
be achieved with the processes i) Brown and Schlesinger-reduction with reducing agents; ii) 
Bayer or mechano-chemical and iii) electrochemical. The mechano-chemical and the 
electrochemical processes are the ones who may be adaptable for small portable applications 
since they do not require high pressure and temperature but are still in development. The 
recyclability of NaBO2 to NaBH4 via mechano-chemical and electrochemical processes were 
carried out. 

The hydrolysis of NaBH4 with water was performed in a batch reactor, made in stainless steel, 
with conical bottom geometry (internal volume of 229 mL). Three different reactant solutions 
were prepared with the following mass percentages: 1) 13% NaBH4, 7% NaOH; 2) 10% NaBH4, 
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7% NaOH; 3) 10% NaBH4; 7% NaOH; 1% CMC. In the set of experiments performed, a mass of 
catalyst/mass NaBH4 ratio of 0,4 g/g was used. The reaction was performed under uncontrolled 
room temperature. The data were monitored and recorded with a data acquisition system using 
LabView software. 

Produced and commercialized NaBO2 were needed for the sodium borohydride regeneration. In 
the mechano-chemical process, the Retsch MM200 vibratory mill was employed to support the 
mixture of NaBO2 with magnesium hydride, MgH2, obtaining NaBH4 and MgO, that can be 
recycled back to MgH2. For the electrochemical process, an electrochemical cell will be used for 
reduction of NaBO2 at 25°C, as represented in the Equations 2a to 2c, (Pereira 2015). 

Cathode: NaBO2+6H2O+8e−→ NaBH4+8OH-(E0 = −1,24V)             (2a) 

Anode: 8OH− → 2O2 + 4H2O + 8e−(E0 = 0,40V)        (2b) 

 Global: NaBO2 + 2H2O → NaBH4 + 2O2   (2c) 

Hydrogen yields between 90 and 100% and generation rates up to 14 L.min-1gcat-1 were 
obtained.  

In the recycling mechano-chemical process, results obtained in the literature present high yields 
(higher than 80%) for NaBH4 production, depending on the ball mill reactor used, the reaction 
time, the temperature and pressure and the isolation of the reactor, to avoid H2 leak to the 
exterior. Previous experiences on the vibratory mill were inconclusive, since, after 5 minutes, 
the reaction needed to be stopped due to hydrogen leak that could damage the reactor (Pereira 
2015). However, with the proper adaptation, the same yields obtained in the literature 
mentioned above are expected to be observed. Unlike the mechano-chemical reaction, the only 
by-product in the electrochemical process is O2. However, this process has a high-energy 
consumption (the Gibbs standard reaction energy is -269,7 kJ.mol-1), which requires 
alternatives to the direct formation of NaBH4 from NaBO2. 
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This study aims to propose the host municipality (HM) for a future municipal solid waste 

management facility (MSWMF) in the micro-region of Iporá, Goiás State, Brazil. For the 

purpose, the mass geometry methodology was chosen. The proposed MSWMF to serve the 

micro-region of Iporá will be in the Israelândia municipality and will serve 10 municipalities. 

1. Introduction 

The Goiás State municipalities, Brazil, have difficulty in managing properly their municipal solid 

waste (MSW). In accordance to the Goiás Environment Secretariat, of the 246 municipalities in 

Goiás, only 15 have licensed landfills (SECIMA/GO, 2015). Therefore, the study identified 

appropriate areas for an MSW management facility in a region of Goiás. This MSWMF should 

preferably serve two or more municipalities and will need to be optimized in terms of location, 

so that MSW transportation costs can be minimized (Chen e Lo, 2016). So, in view of the need 

for MSW treatment and disposal technologies in Goiás, this study aims to propose a host 

municipality for the future MSWMF in the micro-region of Iporá, Goiás State. 

2. Materials and Methods 

The Goiás State is located in Brazil and it is divided into 18 micro-regions. One of the micro-

regions is Iporá, which includes 10 municipalities. In 2015 there were 65 447 inhabitants in this 

region and approximately 12 963 tons of MSW were produced (IBGE, 2016). Concerning the 

study, firstly it was essential to learn about availability, subject to approval and restricted areas 

for MSW treatment and disposal facilities installation in the micro-region of Iporá. In order to 

make a selection of free or restricted areas for the installation of landfills in the micro-region 

of Iporá, five legal documents of Goiás State and Brazil were used as a reference to define 

which geographic and environmental aspects should be considered. A geographic information 

system application, (ESRI, version 10.3.1), was used to locate and identify suitable areas for 

landfill construction, as in the studies of Gbanie et al. (2013). Once the available areas for 

landfill installation were identified, the second HM criterion was established: geographic 

location. To find the optimal location, the mass geometry methodology was chosen. For the 

purpose of finding the desired centre of mass – CM (Pereira et al., 2013; Russo, 2003) it was 

used the x and y coordinates and the MSW production (t/day) of each municipality that is part 

of the region. The maximum distance between the HM and the other municipalities must be of 

25 km (Chen and Lo, 2016). Municipalities that are over 25 km from a HM must send their 

MSW to a transfer station (TS). 
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3. Discussion 

The founded results indicate that in the micro-region of Iporá, 33% of its area is suitable for 

MSW treatment facilities. Therefore, the proposed MSWMF serve the municipalities of the 

micro-region of Iporá as shown in Figure 1. This option was chosen by taking into account the 

CM of the Iporá micro-region. This facility will be in the Israelândia municipality and will serve 

all the 10 municipalities of Iporá micro-region. 

 
Figure 1. MSW management facility proposed to the micro-region of Iporá. 

4. Conclusions 

About 67% of the micro-region of Iporá is restricted for location of municipal waste treatment 

facilities. The delimitation of free or subject to approval areas, combined with the waste 

production mass centre methodology, pointed approximately the most suitable location for 

MSWMF facility to be in Israelândia municipality, situated in the micro-region of Iporá. 
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Microalgae" are" sunlight)driven" cell" factories" that" convert" carbon" dioxide" into" potential"
biofuels,"foods,"feed,"and"high)value"bio)actives"(Mata,"Martins,"and"Caetano"2010)."Compared"
with" traditional" crops," they" have" a" high" areal" productivity," a" relatively" high" oil" and" protein"
content,"and"do"not"depend"on"arable"land"and"freshwater"(Demirbas"2011)."Nowadays,"there"
is"a"strong"interest"in"lipid"production"using"microalgae."Microalgae"are"theoretically"capable"of"
producing"much"more" lipids" than" any" conventional" crops" and" are," therefore," attractive" as" a"
potential"source"of"biodiesel."The"evaluation"of"carbon"footprint"and"environmental"impact"of"
algal" biofuels" have" currently" been" performed" using" mostly" theoretical" data" and" process"
assumptions"(Campbell,"Beer,"and"Batten"2011;"Collet"et"al."2014)."A"gap"exists"for"a"thorough"
and" methodical" study" of" algal" biodiesel" production" based" on" actual" process" data" (Bradley,"
Maga,"and"Antón"2015)."

This"study"will"be"focusing"on"the"analysis"of"environmental"impacts"from"microalgae"biofuels"
production" using" a" biorefinery" approach." Thereunto," it" will" be" considered" the" microalgae"
culture"systems"performed"in"photobioreactors"at"Portugal" industries"and"Latin"America"pilot"
plants,"localized"at"Chile"and"Brazil."

Life" cycle" assessment" (LCA)" methodology" will" be" used" to" identify" opportunities" for"
environmental"aspects"improvement"at"different"points"of"the"microalgae)based"biofuel"chain"
production."The"LCA"is"based"on"ISO"14040"(ISO"2006b)"and"ISO"14044"(ISO"2006a)"standards,"
that"allow"to"analyse"different"phases"of"the"productive"process"of"goods"and"services,"seeking"
to" identify" possible" environmental" and" social" damages," as" well" as," the" environmental"
friendliest"routes"and"technological"processes."According"to"Sander"and"Murthy"(2010)"the"LCA"
tools" have" a" wide" applicability" and" can" be" used" for" product" development," eco)labelling,"
regulation"of"environmental"policy"and"definition"of"priority"scenarios."

Values" on" energy" consumption," nutrients," water" and" materials" will" be" used" to"create" an"
inventory"of"inputs"and"outputs"of"raw"materials"and"energy"used"in"the"biodiesel"production"
process."These"data,"as"well"as"previous"data"from"the"laboratory"or" industry,"will"be"used"as"
the"foundation"to"produce"process"flowsheets"that"will"then"enable"a"more"realistic"LCA"to"be"
performed," using" the"SimaPro®" Software" 7.3.3"to"evaluate" the" environmental" impacts" of"
biofuels"production,"using"both"upstream"and"downstream"data.""

The"propose"of" this"work" it"is" to"perform"a"quantitative"sustainability"analysis"of" the"process"
using"LCA"as"a"tool"to"propose"improvements,"mitigations"and"possible"influences"of"different"
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technology"routes" for"microalgae" biomass" cultivation," as" well" as" downstream" processing," to"
contribute"for"environmental"and"economic"feasibility"of"this"process,"considering"the"political"
and"economic"reality"of"these"two"regions"(Europa"and"Latin"America).""

The" dataset" of" upstream" process" have" been" inventorying" into" LCA" software" and" they" were"
obtained" from" prototype" plants" localized" at" Chile" and" Brazil." According" to" the" aims" of" this"
project,"the"authors"are"contacting"industries"of"algae"fields"to"establish"a"collaborative"work,"
in"order"to"obtain"process"data"to"analyse"the"environmental"impacts"of"downstream"route"of"
biodiesel"production.""

This" study" intends" to" act" as" a" benchmark" for" future" upstream" and" downstream" process"
development,"as"well"as"support"the"public"policy"decision)making,"through"the"identification"
of"critical"factors"to"promote"the"development"of"sustainable"pilot"and"large)scale"algae)based"
biorefinary"plants"in"Latin"America,"based"on"the"European"expertise."""
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In the present study, the species Crambe abyssinica (seeds of FMS Brilhante variety) was 
cultivated in Northern Portugal to assess the adaptability to the Portuguese edaphoclimatic 
conditions and crop yield. The culture was made in the spring with a sowing density of 100 
plants/m2 and lasted 95 days. The sowing with a density of 100 plants/m2, the harvest and the 
weeds control were performed by hand. Organic manure and irrigation were used and the 
climatic conditions were monitored. The seeds yield was 742 kg/ha, showing potential for 
cultivation but lower when compared to the yield reported in some studies in Brazil. This crop 
can be a real alternative for biodiesel production, considering that it easily completes the life 
cycle in the Portuguese conditions, although it is necessary to perform more studies in order to 
make possible the improvement of the yield.  

Introduction 

The production of biofuels from vegetable oils (renewable energy sources) started to have high 
impact by the end of 20th in replacing fossil fuels. Biodiesel can be obtained from several food 
plants species, like soybean, rapeseed or sunflower. Given that these species are also used for 
human consumption, creating competition between the energy market and the food market, 
non-edible vegetable oils, such as from Crambe abyssinica, emerge as important sources for 
the sustainable production of that biofuel. This species is from the Mediterranean region but it 
is capable to adapt to colder and drier weathers and it can be harvested in 90-120 days, which 
makes possible sowing twice a year or more. The seeds are typically very small (0.8 – 2.6 mm) 
and the weight is approximately 6 to 10 g/1000 seeds (Falasca et al. 2012). Non edible content 
oil from the seeds can vary between 36 and 43 wt.% (Falasca et al. 2010). 

Materials and Methods 

The seeds used in this study belong to the FMS Brilhante variety and were donated by 
Fundação MS, Brazil. Prior sowing, the germination rate was determined during 25 days, in a 
room with controlled temperature at 22 – 24 °C, without light. The amount of seeds used were 
as need to ensure the crop density established. The culture was at the Northern Portugal 
(40°59'07.2"N; 8°32'43.6"W). Since it is a Winter-Spring crop, well adapted to warm weather 
and very sensible to frost, it was chosen to sow only at the end of April (2016), when 
precipitation decreased, which directly influences the compaction of the soil and the number 
of germinated seeds. The seeds were sowed in low deep (approximately 3 cm). The area of 
cultivation was 50 m2 and the density of sowing was 100 plants/m2, with 0.35 m between 
rows. Sowing was performed by hand.  Pivot irrigation with frequency of 3 times/week, using 
120 – 150 L of water during the period of germination (16 days) and 80 L in the following 

 121



DCE17 | 2nd Doctoral Congress of Engineering  8 – 9th June, 2017 • Porto, Portugal 

Symposium on Chemical, Biological and Environmental Engineering 
 

Figure 1. Life cycle of Crambe, namely flowering (A and B) and end of the life cycle the harvest (C). 

period (70 days), avoided the subsurface irrigation of the crop. Before sowing soil was 
characterized and the results showed adequate conditions concerning the most important 
macro and micronutrients (phosphorus >200 mg/kg). For this reason, only a small amount of 
organic fertilizer was applied (Fertigranu, from animal manure, 1000 kg/ha), in agreement with 
the supplier recommendations. 

Results and discussion 

The germination rate of the seeds was 84% which indicated feasibility for sowing. During the 
development of the crop, weeds were removed to decrease the competition for nutrients and 
light. The climatic conditions verified were: 250 mm of cumulative precipitation; mean 
temperature of 18.5 qC and 70% of mean relative humidity. During crop growth, some extreme 
events of precipitation occurred (20 mm/day). Cumulative precipitation was 991.3 mm in 2016 
and May was the month with the highest deviations of the year (around +70 mm) in relation to 
what occurred in the 1971-2000 period. Around 16 days were required for germination and 52 
days for flowering (Figure 1). After 95 days, the crop had brown colour, indicating the end of 
the life cycle. The harvest was made by hand collection of the biomass from the roots.  

A seed yield of 742 kg/ha was obtained despite climatic unfavourable conditions along the 
period. Studies developed in Brazil report yields between 989 kg/ha and 1347 kg/ha and 
consider that Crambe production has economic viability for yields higher than 800 kg/ha 
(Carlos Pitol 2011). With normal climatic conditions yields higher than 800 kg/ha seems to be 
expectable in the Northern region of Portugal. 

 Conclusion 

Crambe abyssinica seems to have potential to be cultivated in Portugal. Despite seeds yield of 
742 kg/ha was lower than that reported in Brazil, higher yields are expected under typical 
climatic conditions without the atypical intensive precipitation periods registered during this 
study. The life cycle close to 90 days confirms the possibility to sow twice a year in Portugal. 
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Introduction 

We have sought ways of more sustainable consumption and production, and agroforestry 
systems (SAF) are a good alternative to conventional agriculture. These systems in the south of 
Bahia are boosted by the establishment of the cocoa crisis, and are vulnerable in agronomic, 
economic and socio-environmental terms. Local producers have seen in organic agriculture an 
economically viable and beneficially environmental production. However, not all SAF, although 
agro-ecological, is obligatorily a sustainable agro-ecosystem. The use of environmental 
indicators constitutes an important strategy for the analysis of the sustainability of agricultural 
production units (UPAs). Thus, we sought to evaluate the environmental, economic and social 
sustainability of SAF composed of UPA organic cocoa from the south of Bahia associated with 
the CABRUCA cooperative. 

Methodology 

CABRUCA cooperative has 29 associates with operations in the municipalities of Barro Preto, 
Buerarema, Ilhéus, Itacaré, Pau-Brasil, Una and Uruçuca. The indicators’ data was obtained 
through the application of a semi-structured questionnaire to the cacao growers, who 
volunteered to participate in the research. Sustainability was evaluated with SAF’s indicators, 
typical of the southern Bahia region, developed by Passos (Passos, 2008), resulting in 13 
descriptors, composed of 37 original indicators, synthesized in 15 aggregate indicators. The later 
are distributed in five criteria (productivity, stability, equity, resilience and autonomy) and in 
three dimensions (environmental, economic and social). Sustainability indicators and indices are 
calculated using the harmonic mean, plus a constant of 4 for each original indicator. This 
procedure does not change the comparability or the graphical reproduction of the original 
indicators, it only transfers the classification level of the values evenly above. Consequently, the 
variation of the original indicators from 0 to 1 will change from 4 to 5. After adding the constant, 
the aggregate indicators of the five criteria of each dimension will be calculated with the 
harmonic average of each UPA. We obtained 15 aggregate indicators for each UPA, ranging from 
4, weak sustainability, to 5, strong sustainability. The original indicators with unit of measure or 
that exceed the interval of [0,1] are transformed to this scale before adding the constant 4 and 
computing the aggregate indicator, using the formula from (Sepúlveda, Chavarría And Rojas 
2005). With the harmonic average, Index of Sustainability of each Dimension (ISD) and of each 
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Criteria (ISC), for each UPA, respectively, are computed and plotted in radar-type graphs for 
comparative analysis between the levels of sustainability of each UPA, representing each typical 
SAF studied.  

Results and discussions 

Regarding the Sustainability Indices of each Dimension (ISDs), shown in Table 1, it can be verified 
that only SAF 1 presents indices of the economic and social dimension tending to situations of 
weak sustainability, even if the social dimension is still close to 4,5. 

Table 1. Sustainability Indices of each Dimension (ISD) of the SAF studied, Bahia, Brazil, 2016 

SAF Environmental Economic Social 

1 4,54 4,41 4,49 
2 4,64 4,50 4,57 
3 4,69 4,55 4,58 

After calculating the above indexes, the Sustainability Index (IS) are measured using the criteria 
or dimensions. The results are set forth in Table 2. 

Table 2. Sustainability Index (IS) of the SAF studied, Bahia, Brazil, 2016 

SAF IS 

1 4,48 
2 4,57 
3 4,61 

SAF 3 is the strongest and SAF 1 is weakest, in terms of sustainability. The indices of the three 
SAFs show little discrepancy between them. It is verified that the highest value index is the one 
that presents the best balance between its various indicators and indexes. Looking at the results 
achieved by the three systems for each index of the IS, one can say that the types of permanent 
crops adopted in the SAF do not constitute the decisive reason for the level of sustainability 
achieved by each one of them, although all are crops with enormous financial potential capable 
of diminishing the financial instability of producers.  

Conclusions 

Based on the concept of sustainability of agroecosystems and the aspects that lead to the 
sustainability of these in the region, it is concluded that SAFs constitute an alternative system 
capable of reducing environmental, economic and social vulnerabilities and develop the long-
term maintenance and reproduction of UPA and producers and families of the southern region 
of Bahia.  
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