SIMPOSIO 2011

TRANSFERENCIA DE CONHECIMENTO E TECNOLOGIA

LIVRO DE ACTAS

Unidade de Materiais Téxteis e Papeleiros

COVILHA, UNIVERSIDADE DA BEIRA INTERIOR
15-16 DE DEZEMBRO DE 2011



Reservados todos os direitos

Titulo:
Actas do Simpdsio 2011: TRANSFERENCIA DO CONHECIMENTO E TECNOLOGIA
UMTP, Universidade da Beira Interior
15-16 de Dezembro de 2011, Covilha - Portugal

Coordenador da Edicao:
Manuel José dos Santos Silva

Comissao Organizadora:
Manuel José dos Santos Silva
Ana Maria Carreira Lopes
José Mendes Lucas
Rogério Simdes
Alvaro Campos Vaz
Madalena Rocha Pereira
Maria José Pacheco
Ana Paula Costa
Carla Sofia Gaiolas
Isabel G. Trindade
Susana Ramos

Comissédo Cientifica:
Manuel José dos Santos Silva
Ana Maria Carreira Lopes
José Mendes Lucas
Rogério Simdes
Albertina Amaro
Rita Salvado
Dina Mendonca
José Albertino Figueiredo
Ana Maria Ramos
Rui Miguel

Apoio Técnico:
Maria da Concei¢cdo Camisao

Execucdo Gréfica:
Servigos Gréficos da Universidade da Beira Interior

Tiragem:
550 exemplares

ISBN:
978-989-654-084-5

Depodsito Legal:
340785/12

Apoios:

UNIVERSIDADE DA BEIRA INTERIOR P €T Fundagdo para a Ciéncia e a Tecnologia

Covilha | Portugal MINISTERIO DA CIENCIA, TECNOLOGIA E ENSINO SUPERIOR Portugal

T— W & Santander Totta

COMPETE

PROORAML CHEIACr FACTORES CF COMETTINOE




INDICE

Programa da Conferéncia / Conference Programme.........ccccceoieeerereneeieseseeeenee e ee e 9
University and the Transfer of Knowledge and Technology, M. J. Santos Silva.................... 13

Dindmica da interaccdo tinta / papel na impressdo inkjet, J. L. Amaral, A. P. M. Sousa, N. J.
Oliveira, A. O. Mendes, S. C. L. Sousa, P. T. Fiadeiro, A. M. M. Ramos...........c.ccoeueune.. 18

Steady and Unsteady Bifurcation Flows of Non-Newtonian Inelastic Fluids, H. M. Matos, P. J.
(@ LNV - TSSOSO PPPPSTRN 21

Ultrafiltration and biodegradability of cork processing wastewaters: influence of pH, A. Gomes,
L. Silva, R. SimBes, N. Canto, A. AIDUQUEITUE .......ccoeoviirieeeieite et 27

Application of electrocoagulation in sanitary landfill leachate treatment, A. Fernandes, D. Norma,
M.J. Pacheco, L. CirfaCo, A. LOPES.....ccciiiiiiiiieiiieeiesteseeieestesteseesaestesteeseessessesseesaensesneeseensenns 32

Effect of continuous post-setting on crystallinity and thermomechanical behaviour of False-Twist
Textured Polylactide multifilaments, A. M. Manich, J. Carilla, D. Lopez-Santana, B. Baena, M.
Riba, R Prieto, L. MoNntero, D. CaYUElA .......ccooiriiieiieei et A

Sensory Analysis: A New Tool to Characterize Textile Materials, M. E. Cabeco-Silva, C.
NN o T LT = S 3

Separation of plasmid DNA from non clarified lysate impurities using berenil as ligand in pseudo-
affinity chromatography, C. Caramelo-Nunes, M. F. Gabriel, P. Aimeida, J. C. Marcos, C. T.
0] 17> - PSPPSRSO 41

Biodegradahility of olive mill wastewaters, L. R Fernandes, A. Gomes, A. Lopes, R M. Smdes... 44

Electrochemical degradation of clofibric acid at different anode materials, D. Santos, M. J. Pacheco,
A. GOMES, A. LOPES, L. CITTACO .ceiiiiieeieiieiesesiesieeeieseste e s e e st se et ae e e esesseseensenessessensenens 48

A Perspective on key factors for successful transfer of technology, |. G. Trindade, M. Pereira,
R. Miguel, J. Lucas, M. SANtOS SHVA ......ccooiiiiieeii e 50

Biological activities of Hakea sericea Schrader, Angelo Luis, Ana Paula Duarte, Fernanda
3T o 11 0 [0S 53

Antioxidant activity of phenolic compounds from Prunus avium, S. Santos, J. A. Figueiredo, M.
I. Ismael, R. SmBeS, J. ROAIA, A. P. DUAITE .ooooeeeeeeeee ettt e et e e e e e e seaeeeee s 57

Estudo sobre a distribuicéo da velocidade do escoamento secundario de um fluido viscoelastico FENE-
CR numa curva de seccdo quadrada, J. M. Malheiro, P. J. Oliveira, F. T. Pinho................ 59


analopes
Highlight


Synthesis and characterization of electrically conductive textile/PEDOT samples, I. G. Trindade,
C. Gaiolas, J. Lucas, R. Miguel, M. SantoS SIIVa .....cccccviiieiiiisecese e 63

lonization of AOY in different ionic media, M. J. R. G Pires, M. |I. A. Ferra, A. Marques ... 67
Nanocrystalline TiO, films prepared by sputtering for Rhodamine 6G photodegradation: catalytic
efficiency, photo stability and reusability studies, B. Barrocas, O. C. Monteiro, M. E. Melo Jorge,
SIS =T T o 70

A Transferéncia de Conhecimento e Tecnologiana Ultima Década: Breve Andise de Modelos e Resultados,
Madalena Pereira, Isabel Trindade, M.Santos Silva, Rui Miguel, José Lucas........cccoeeenene. 74

Perovskite thin film electrodes for environmental applications produced by RF-Magnetron Sputtering,
S. Sério, A. Costa, Y. Nunes, L. Ciriaco, M. J. Pacheco, A. Lopes, M. |. Pereira, M. E.
=] o T Lo o = SO 81

O efeito conhecimento nas tramas da proxima geragdo téxtil, Fernando Merino .................. 85

A Intervencdo do Design em Causas Humanitarias como o Controlo da Malaria, C. Pinheiro, M.
N 7= = 1o (< T = €T 1= T 89

Development of a cap to support the mobility of visually disabled people, N. Nascimento, R. Salvado,

L = To T[S A - T o SRS 93

Modelizagdo da resisténcia a abrasdo de tecidos de |a e poliéster em funcdo das caracteristicas

estruturais de fios convencionais, N. Monteiro, R. MigUEl ........cccoveveieiiiicicce e, %
POSTERS

Indocarbocyanine Supports for Protein Separation, D. Almeida, F. Sousa, P. Almeida, R. E. F.
=T {0 TP RS TP PSPPI 103

Novos suportes para cromatografia de afinidade por sintese total de cianinas na matriz cromatogréafica.
Avaliacdo da contribuicdo de cada uma das partes na afinidade ligando-proteina, L. P. Alves, S
S Ramos, R. E. F. BOtO, P. AIMEIAA .....oeeeeieeieeeeeeeee ettt et e e et e e e s e e seaeene e e e eneneees 106

Synthesis of New o-Methylene-y-Lactones Linked to Ferrocene Derivatives, J. Albertino Figueiredo,
Carlos Anjo, Rita Pereira, M. lIsabel Ismael, Ivania Cabrita, Ana C. Fernandes........... 110

Total phenol content in solvents extracts of Lavandula luisieri, Jodo Araljo, Fernanda Delgado,
Jesus Rodilla, Arlindo GOmMES, LUCIA SHVA ..o et e e eee e e e e m

Triterpene glycosides from Piliostigma thonningii, L. I. N. Canelo, D. |I. Mendon¢al, N. Fernandes,
Synthesis, characterization and antioxidant activity of Thio-imidate N-oxides (TIO) sugars, M.
Domingues, M. |. Ismael, J. A. Figueiredo, M. Schuler, P. Rollin, A. Tatibouét .............. 114

Synthesis of monolithics supports for affinity chromatography, N. Esteves, C. Canario, P. Almeida,
ML 0. NUNEBS . 115


analopes
Highlight


Anodic oxidation of Acid Red 88 on a BDD electrode, A. D. Fonseca, P. Luz, L. Ciriaco, M.
ISR = Tod <o TR N o o= 117

Aplicagéo do catalisador Cu-TiO, na fotodegradacdo de uma amina aromatica, J. Matos, A. Santos,
M. MAGrinNNO, J. LUCAS ....couiiiieee ettt st te st e ne e e e s tesneemeeseeseeeneenseneennens 119

Steady and Unsteady Bifurcation Flows of Non-Newtonian Inelastic Fluids, H. M. Matos, P. J.
(O LY== 121

Characterization of a leachate from a sanitary intermunicipal landfill. Analysis of the content in
metals at several stages of the wastewater treatment plant, E. Mestrinho, V. Ribeiro, A. P. Pinto,
Y T 0] o1 PO UP U RR PRSPPI 127

Lamellar monomethynecyanines-doped mono-amidosil hybrids, S. C. Nunes, J. Himmer, R. A. SA
Ferreira, L. D. Carlos, P. Almeida, V. de Zea BermUAEZ.........cccccooeeeeieeeeeieeeeeieeeeeeeeereeens 129

Bioconversion of lignocellulosic residues into biogas, R. Oliveira, A. Mendonga, I. Gongalves,
[ Y/ O 1 o (=T o TR Y O T =Y 1 = TR 132

lonization of Acid Orange 8, V. M. B. Pinto, M. J. R G Pires, M. I. A. Ferra, A. Marques... 134

Preparacdo de derivados de esqueleto guaieno a partir de Guaiol e Bulnesol, Sofia Pombal, Jesus
ROITTA, LUCIA SV oot e e e e e e et e e e e e e e e et eeeeeaneeeeeanneeeeennneeenannneeeannneenaes 136

Trihalomethanes in wastewaters and risk for aquatic environment, A. S. Rebelo, T. A. Anagua,
M. 1. AL FErra, A MAIQUES ... ..ottt ettt b et ettt e nbe e sbe e beebeereeneens 138

New N-carboxyalkylthiacarbocyanine dyes functionalized with amino derivatized groups as ligands
in dye-affinity chromatography, T. E. Slva, P. Almeida, R. E. F. BOtO ....cccccoeoeeeniiiieee 140


analopes
Highlight


Application of electrocoagulation in sanitary landfill leachate treatment

A. Fernandes, D. Norma, M.J. Pacheco, L. Ciriaco, A. Lopes

UMTP and Department of Chemistry, University of Beira Interior, 6201-001 Covilha, Portugal

Abstract

The application of electrocoagulation, as a post-treatment,
in the removal of organic load from a leachate collected in
an intermunicipal sanitary landfill was evaluated.

In order to understand the influence of the anode material
in the electrocoagulation results, two different types of
consumable anodes were used: iron and aluminum.
Assays were run at constant applied potential, at natural
initial pH.

Slightly better results in the COD removal were obtained
in the electrocoagulation performed with the iron anodes.
The assays run with iron anodes also present lower
energetic consumptions per mass of COD removed.
However, when COD removed by mass of metal
consumed is compared, the best results were obtained
when aluminum consumable anodes were used.

Introduction

Leachate generation is an inevitable consequence of the
deposition of solid wastes (MSW) in sanitary landfills,
and is the result of water percolation trough wastes, that
extracts and brings with it several pollutant materials [1].
This way, sanitary landfill leachate composition is very
complex and varied and depends primarily on: the type of
solid wastes that are deposited, the climatic conditions
and the age of the sanitary landfill [1]. Inadequate
leachate management involves considerable risks,
particularly contamination of water resources (at the
surface and groundwater) and soil [2].

In Portugal, a common treatment for sanitary landfill
leachates comprises biological reactors with nitrification /
denitrification steps, followed by membrane technologies.
However, due to variability in the quality and quantity of
leachate throughout the life span of the treatment plant,
these conventional treatments become ineffective, so it is
necessary to implement technologies that can be adjusted
to in situ needs [2].

Electrochemical technologies have shown high efficiency
in the elimination of persistent pollutants. Several studies
have described the application of electrochemical
methods in wastewater treatment [3-5].

Electrocoagulation is an electrochemical technology that
can be applied in pollution abatement from liquid
effluents. Its application, characterized by its simple
equipment, easy operation and decrease in the amount of
sludge, has also been studied in the treatment of sanitary
landfill leachates, with very promising results [6,7].

The aim of this work was to study the application of
electrocoagulation as a post-treatment of sanitary landfill
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leachates, using two different consumable anode
materials: iron and aluminum. The leachate samples used
in this study were collected from an intermunicipal
sanitary landfill. The treatment performed at the sanitary
landfill comprises a biological step, followed by an
ultrafiltration operation. Since the ultrafiltration permeate
still presents a high organic load, samples collected in this
point of the treatment plant were used in this study.

Materials and Methods

Electrocoagulation experiments were conducted in batch
mode, without stirring and using 1L of leachate at natural
pH. Two different anode materials were tested, aluminum
an iron. All experiments were conducted with an applied
voltage of 5.0 V, at room temperature (22-25 °C) and
without  addition  of  background  electrolyte.
Electrocoagulated samples started to precipitate after
elapsed times between 60 and 80 minutes. At that time,
current was turned off, the formed flocks were allowed to
settle, and the suspension was decanted and subjected to
filtration.

Assays run were followed by Chemical Oxygen Demand
(COD) tests, using the closed reflux dichromate titrimetric
method [8], and by suspended (SS) and dissolved solids
(DS) measurements, performed according to standard
procedures [8].

Results and Discussion

Table 1 presents the initial values for the parameters
COD, SS and DS for the raw leachate collected at the
sanitary landfill.

Table 1. COD, SS and DS for the raw sample collected at the
ultrafiltration permeate.

COD/ SS/ DS/
mg O, L' gL’ gL!
2605 0.43 11.33

Figure 1 presents the normalized COD, SS and DS
variation for the electrocoagulation assays performed with
both anode materials, iron and aluminium. It can be
observed that electrocoagulation with iron promotes
slightly higher removals of COD, but SS and DS are
barely affected. With aluminium anodes, an increase in
SS and a decrease in DS were obtained, which may lead
to a more easy removal of the undesirable material.



In Figure 2 the ratios of COD removed by energy
consumed (a) and by mass of metal consumed (b) are
presented. From an energetic point of view, the removal
of COD can be favored by the use of iron electrodes,
since the mass of organic load removed by unit of energy
consumed when iron electrodes are used is twice the value
obtained when aluminum anodes are used. However,
higher removals of COD can be obtained with lower
quantities of metallic ions when aluminum is the
consumable anode material. These results must be related
with the oxidation state of the different ions formed
during the electrodegradation: On one hand, less energy is
required to form the iron ions, which are divalent, while
the aluminum ions are trivalent, but on the other hand, the
trivalent ions promote flocculation of dissolved and
suspended materials more easily, requiring lesser amount
of material to perform similar reductions in the organic
load.
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Figure 1. Normalized COD, SS and DS variation for the
electrocoagulation assays performed with two different anode
materials, iron and aluminium, at an applied potential of 5.0 V,
natural pH (= 8) and without stirring.

Conclusions

According to the obtained results, it seems feasible the
application of electrocoagulation as a post-treatment of
the ultrafiltration permeate from leachates of sanitary
landfills to reduce the organic load. Between the two
anode materials studied, iron presented the best energetic
results, achieving a COD removal of 185.5 g per kW h of
energy consumed. However, this result is obtained with
higher consumption of metal ion than would be necessary
if aluminum was used.
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Figure 2. Ratios between COD removed and the energy
consumption (a) or metal consumption (b) obtained in the
electrocoagulation assays performed with two different anode
materials, iron and aluminium, at an applied potential of 5.0 V,
natural pH (= 8) and without stirring.
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Abstract

In this work, Ca;HoxMnO; (0<x<0.4) electrodes were
prepared by RF-magnetron sputtering from nanosized
powder targets previously prepared by self-combustion
method using citric acid. The structural and
morphological characterization was performed by XRD
and AFM. The oxides electrochemical behaviour was
studied by means of open circuit potential measurements
and cyclic voltammetry. The oxide electrode’s capacity
has been estimated from the charging currents and the
corresponding roughness factors evaluated. From the
voltammograms features it was possible to identify the
oxide redox couple Mn*"/Mn®* using the literature data. In
addition, the stability potential range for these materials
has been established. The electrodes performance was
tested in photodegradation and photoelectrodegradation of
ibuprofen, in aqueous 0.035 mol L' Na,SO, solution.

Introduction

Electrochemical processes are among the polishing
treatments that can be successfully applied to completely
remove the residual organic load from wastewaters.
However, it is critical to develop electrodes with a high
activity for the oxidation of the pollutants and that have a
long life and a low cost. Different materials can be used
as electrodes, such as A;LnMnO; (A = alkaline earth,
Ln= rare earth) with perovskite-type structure, since they
possess suitable electrical conductivity, electrochemical
stability in basic solution in the negative potential range
[1,2].  However, the implementation of the
electrochemical processes has two main important issues
to be addressed: the efficiency of the material as a catalyst
in the electrochemical process, which is measured by the
extension of the degradation reaction and the ability to
promote total mineralization or just partial degradation
with the formation of more oxidized compounds; the
efficiency of the material as electrode, including its cost,
electrochemical stability, durability and energetic
consumption has to be taken into account. In fact, the
electrodes when prepared by the conventional ways
exhibit a poor mechanical resistance. To overcome these
problems the electrodes preparation by DC-magnetron
sputtering technique looks like a promising alternative.
This technique presents several advantages [3] such as
high deposition rates, high-purity films and extremely
high adhesion of films.
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In this context we have undertaken the preparation of
oxide type electrodes by RF-magnetron sputtering. This
work reports some preliminary results of the preparation
and characterization of Ca;HoMnO; (0<x<0.4)
electrodes by RF-magnetron sputtering from nanosized
powder targets. The Ca; Ho,MnO; thin films electrodes
were tested in the photo and photoelectrodegradation of a
“model” pharmaceutical compound, ibuprofen (IBU), in
aqueous solutions.

Materials and Methods

Ca;sHoMnO; electrodes were deposited by RF-
magnetron sputtering using Ca; \Ho,MnOj solid solutions
ceramic targets. The polycrystalline (Ca,Ho)MnO;
(0<x<0.4) samples, used as targets, were previously
prepared by self-combustion method using citric acid as
described in previous reports [4,5]. After the
decomposition at 600 °C, for 6 h, the resulting amorphous
powder was grounded and heated in air at 800 °C for 18 h
in alumina crucibles (Alsint 99.7). The targets were
prepared by mixing the synthesized powders with
acetone. The mixture was placed on the cathode top and it
was pressed and compacted until the acetone evaporation.
The targets were sputtered in 99.999% pure argon at
constant total sputtering gas pressure (Pto) of 0.6 Pa and
the deposition time was 90 min. It was used a RF power
supply: Plasmaloc 2HF and all depositions were done
using a sputtering power of 30 W, frequency =200 KHz.
The manganite films were deposited on ITO (Indium tin
oxide) coated quartz glass substrates (20 mmx10 mm and
1 mm thick). In order to allow the crystalline growth, the
films were annealed at 800 °C in air during 6 h.

The structural characterization of the films was carried
out by X-ray diffraction (XRD) on a Philips Analytical
PW 3050/60 X’Pert PRO (6/20) equipped with
X’Celerator detector and with automatic data acquisition
(X’Pert Data Collector (v2.0b) software), using a
monochromatized CuKo radiation as incident beam, 40
kV-30 mA. Diffractograms were obtained by continuous
scanning in a 20-range of 20° to 90° with a 26-step size of
0.017° and a scan step time of 20 s.

For a detailed study of the surface, an atomic force
microscope (AFM) was used, AFM Topometrix TMX
2000 (Veeco Instruments), in contact mode. Silicon
cantilevers were employed. All images were taken with
400x400 pixels resolution and images with an area of 1x1
um® were obtained. A one step-leveling was applied for
all images for accurate measurement of Z-height across a



sample without adding any erroneous tilt information to
the data. The surface morphology of the films was
characterized by the root mean square roughness (Rypys)
wich was calculated by Topometrix software.

The oxides electrochemical behaviour was studied by
means of open circuit potential measurements and cyclic
voltammetry, in 1 mol L™' KOH solutions. Solutions were
prepared from AnalaR reagents with Millipore Milli-Q
water and degassed with nitrogen, 99.999% purity gas
supplied by Air Liquide. The electrochemical experiments
were performed in a two-compartment three-electrode
glass cell at room temperature. The counter electrode was
a graphite rod and, as reference, an Hg/HgO (0.099V vs.
SHE) was used. Voltammetric studies were carried out
using a low noise operational amplifier potentiostat
incorporated with positive feedback IR compensation,
programmed by a Bank VSG 83 waveform generator and
a Kipp & Zonen Pro-1 recorder and the
chronopotentiometric studies with a Voltalab 32
Radiometer apparatus connected to an IMT 102 interface,

controlled by a personal computer through the
VoltaMaster 2 software.
Preliminary  studies  of  photodegradation  and

photolectrodegradation were conducted using a 250 mL
quartz photoreactor. The radiation source used was a
Spectroline series Model ENF-280C/FE (230 V, 50 Hz,
0.17 A). In the photoelectrodegradation experiments the
anode was CaggHoy,MnO; electrode and the cathode a
stainless steel foil, both electrodes being 1 cm? in area and
having a 1 cm gap between them. All anodic oxidation
assays were performed under galvanostatic conditions
with imposed current densities of 5 mA cm™ The
processed solution volume was 100 mL with a
concentration of 100 ppm for IBU. Sodium sulfate
aqueous solutions (5 g L) were used as the supporting
electrolyte in all experiments. Assays were run for 24 h,
and data points were collected at 2 h intervals during the
first 8 h with a final one collected at 24 h. The
degradation of the ibuprofen was followed by UV—Visible
absorption spectrophotometry  with absorbance
measurements between 200 and 800 nm, using a
UNICAM Hekios-a UV/VIS spectrophotometer.
Chemical Oxygen Demand (COD) determinations were
made following the titrimetric method, according to
standard methods [6]. Electrodegradation assays were also
monitored by measurements of Total Organic Carbon
(TOC), performed in a Shimadzu TOC-VCPH/CPN
apparatus.

Results and Discussion

The structural characterization revealed that the as-
sputtered manganite films were amorphous. To allow the
crystalline growth the electrodes were annealed at 800 °C
in tubular furnace for 6 h in air. The XRD data for the
annealed manganites films are presented in Figure 1.The
XRD results revealed the formation of perovskite-type
phase for all the samples and the diffractograms are
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characteristic of the orthorhombic symmetry, space group
Pnma.

Intensity /a.u.
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Figure 1. XRD patterns of the annealed manganite films
deposited in ITO substrate (* - corresponds to ITO substrate).

The surface morphologies of the electrodes were studied
with AFM technique. Figure 2 shows the obtained AFM
images (two- and three-dimensional images) for all films
All the films exhibit a rough surface texture and consist of
particles fused together at the interparticle contact,
building up high mountains and deep valleys.. The
analysis of AFM images show a slight increase in surface
roughness with the increase in Ho content.
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Figure 2. AFM images (two- and three-dimensional images) of
the annealed manganite films.

The open circuit potential of the Ca;_Ho,MnO; (x = 0,
0.2 and 0.4) oxide electrodes was measured in KOH 1
mol L™'. An average value of 0.041+0.005 V vs Hg/HgO
has been obtained. No meaningful changes were observed
by the presence of Ho-ions in the oxide. The value
approaches the thermodynamic value calculated for the
Mn*"/Mn*" solid-state redox couple, 0.089V vs. Hg/HgO
[7]. This result indicates that the Mn*"/Mn®" redox couple



is the determinant on the surface equilibrium reaction,
what is in accordance with previous studies on CaMnOs-
based electrodes [8,9].

Cyclic voltammograms were recorded for the different
oxides, in 1 mol L' KOH at a sweep rate of 10 mV st
between the open circuit potential and different positive
and negative limits. Figure 3 shows a representative
family of voltammograms for the CaMnO; and
CagsHog 4MnO;. Comparing the different curves, it can
be detected a similar behaviour with the one exhibited by
the electrodes with the same composition but prepared in
pellet [1] (see the inset in Figure 3) and also is observed
an increase in the current density for the samples
containing Ho. This result could be due to an increase of
the oxide surface area promoted by the presence of Ho.

[ 2mA.cm?

1x10-? mA.cm? 7 ~

¢ =10 mvs™!

E /mV vs, Hg/HgO

== = CaMnO, (pelieted)

CaMnO, (coating)

e=8mvst e CaggHoy sMNO, (coating)

Figure 3. Cyclic voltammograms for the Ca;_Ho,MnO; (x =0,
0.4) electrodes prepared by RF- sputtering in 1mol L KoH.
The inset shows the cyclic voltammogram for pelleted CaMnOj;.

Figure 4 presents a representative cyclic voltammograms
obtained for CaysHoy4sMnO; between -50 and 50 mV vs.
Hg/HgO. The shape of the voltammograms indicates a
typical capacitive behaviour, where no faradaic currents
were observed. The voltammetric profiles show the
typical capacitor-like characteristics in the form of almost
rectangular cyclic behaviour (Figure 4a). A linear
variation between the current density, measured at E = 0
V vs. Hg/HgO, and the sweep rate is observed for all the
samples, as Figure 4b also displays for the
CagsHoy 4MnO; composition.

The capacitance was determined according to the equation
C=dj/d(dV/dt), where j is the current density and dV/dt
the potential sweep rate. Assuming a value of 60 uF cm*
for the capacitance of the oxide/aqueous solution interface
[10], the electrodes roughness factors have been also
calculated. The calculated roughness factor increases with
increasing the amount of Ho-ions in the samples (Table
1). This is consistent with the roughness factors obtained
by AFM and indicates an enhancement of the oxides
surface area.
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Figure 4. (a) Cyclic voltammograms obtained in the double-
layer region for the CaggHogsMnO; electrode in 1 mol L'
KOH. (b) Charging current densities as a function of sweep rate
for a Cag¢Hoy 4MnOjs electrode in 1 mol L' KOH. Sweep rates
of 5, 10, 15,20, 25 mV s\,

Table 1. Roughness factor for the Ca;_,Ho,MnO; oxide
electrodes in 1 mol L' KOH solutions.

X Electrode type R¢

0 Pelleted 3725

0 Coating 5
0.2 Coating *%
0.4 Coating 13

#%- under progress

In Figure 5 results of the UV spectra for the degradation
assays with ibuprofen, at 6 h, are depicted. Ibuprofen
presents a characteristic band with a maximum of
absorption at 220 nm and another weak band at 264 nm.
We can observe that a decrease of the peak intensity of
the band at 220 nm occurs in all the degradation assays
and, simultaneously, the weak band at 264 nm increases.
The same behaviour has already been reported in previous
studies with ibuprofen [11,12].
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Figure 5. UV spectra for the degradation assays performed at
different experimental conditions: with radiation (254 nm),
radiation+ITO, radiation+ITO/CaygHoy,MnO; and radiation+
current + ITO/CaygHoy ,MnOs.

In Table 2, the results for the removals in COD, TOC and
absorbance (Abs), after 6 h assays, are presented and we
can see that, the best absorption removal at 220 nm was
obtained in the photocatalytic assay, i.e., when radiation
and perovskite were present. However the best COD
removal was obtained when current was simultaneously
applied.

Table 2 - Results of the Absorbance,y,m, COD, and TOC
removals for the degradation assays of ibuprofen, at 6 h.

Removal at 6 h/ %

Experimental technique Abs

920 mum CQoO TOC
Photolysis (254 nm radiation) 24 19 21
Photolysis (254 nm radiation)
+1ITO 21 29 12
Photocatalysis (254 nm radiation) 33 17 18

+ ITO/CaolgHO().zMnOg

Photoelectrodegradation +
ITO/Cag gHop,MnO5(254 nm 20 34 9
radiation + 5 mA cm™)

Conclusions

Ca;Ho,MnO3; manganite electrodes in thin film form
were prepared for the first time by magnetron sputtering
technique using nanosized powder compacted targets. The
electrodes exhibit good adherence to the substrates and
high mechanic stability.

Sputtering technique seems a promising alternative for the
development of this type of electrodes comparing with the
conventional way.

The preliminary degradation tests run with Ca; \HoxMnO;
manganite electrodes have shown promising results,
mainly in photocatalytic assays.
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Abstract
In this work the content in seven metals was analysed in
samples from a leachate, collected in a sanitary

intermunicipal landfill. Samples were collected in three
stages of the wastewater treatment plant, just before the
biological treatment, just after the biological treatment
and from the ultrafiltration permeate. Pb, Cr, Cu, Fe, Mn,
Cd, Zn content was determined. Fe was the most abundant
of the analysed metals with 22.2 mgL" in the samples
before the, 41.3 mgL’1 after the biological treatment and
4.0 mgL" in the ultrafiltration permeate. Cd content was
below detection limit of AAS. Zn, Cu, Cr, Mn and Pb
contents are between those limits. The values obtained are
in accordance with the range reported in the literature for
the analyzed metals. The results obtained suggest that
there is a higher concentration of metals in the fraction
after the biological treatment, consistent with the fact that
there is a recirculation of the ultrafiltration concentrate to
this stage. The permeate of ultrafiltration presents the
lowest metal content, which indicate an efficiency of the
treatment stages so far in metal removal. From the point
of view of metal recovery, the best stage to collect
samples seem to be after the biological treatment.

Introduction

Leachates from landfills constitute an environmental
problem due to infiltration and contamination of soils and
groundwaters. In their composition there are four main
groups of pollutants designed in literature as dissolved
organic matter, inorganic macrocomponents, xenobiotic
organic compounds and heavy metals"?.

Heavy metals are an environmental problem because they
tend to accumulate in living organisms and are not
biodegradable. On the other hand, some metals have
economical interest and it is important to find ways to
recover them. So, to remove metals may have both an
environmental and an economical motivation’.

The design of wastewater treatment plants (WWTP)
dedicated to leachates from landfills may have multiple
aproaches®. In this study the WWTP performs a treatment
that comprises a biological step, followed by an
ultrafiltration operation. The ultrafiltration concentrate is
recirculated into the biological treatment.

In order to analyze the best point where to start an
efficient metal recovery procedure in the leachate
treatment process, we decided to collect samples from
several stages in the leachate treatment process and
analyse the content in several metals.
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In this work we characterize a leachate from a sanitary
intermunicipal landfill concerning seven metals (Pb, Cr,
Cu, Fe, Mn, Cd, Zn) in three stages of the wastewater
treatment plant: before the biological treatment, after the
biological treatment, and from the ultrafiltration permeate.

Materials and Methods

1. Sample collection
The leachate samples in the study were provided by a
municipal sanitary landfill and collected in November of
2010. A single sample was collected at each point in
containers of SL. The first sample was collected, just
before the biological treatment, the second was collected
in the same way just after the biological treatment and a
third sample was collected from the permeate of the
ultrafiltration. The samples were placed at 4°C until
processing and analysis.

2. Sample treatment
All material used in the experimental part was
decontaminated using an acid solution with nitric acid and
distilled H,O in the ratio of 1:5.
The samples studied had a heterogeneous appearance,
dark color and high turbidity and so in order to obtain
representative samples for analysis, the vessels containing
the samples were intensively stirred to homogenize all of
your content.
The pH was measured in the unit WTW pH Meter 526.
To prepare the samples for the analysis was followed a
treatment process of acid digestion. Samples were placed
in erlenmeyers with differential proportions of aqua
regia. Appropriate volumes of aqua regia were added to
different samples, since it is important to minimize the
volume. The results obtain have shown that it was
sufficient a ratio of 1:3 (3 parts of aqua regia for 1 part of
sample in volume) in samples “before the biological
treatment”, a ratio of 2:3 (3 parts of aqua regia for 2 parts
of sample) for samples “after the biological treatment”
and finally the ratio of 2:1 (half the volume of the sample
in aqua regia was used in this case) for the samples of
ultra-filtration permeate.
In order to improve the efficiency of sample digestion, the
capped samples were subjected to magnetic stirring
(Breda Scientific) about 30 min at 40-60°C making
digestion and evaporation more efficient and faster. After
this step, the samples were placed in a sand bath at
110£10 °C to total digestion of organic matter, i.e. the
final solution it must be clear and transparent. Then, the
samples were filtrated for flasks using filter paper, always
at the lowest possible volume.



1. Analysis by Atomic Absorption Spectroscopy
(AAS)

For the metals analysis an atomic absorption spectrometer
Perkin-Elmer Model 3100 was used. Standard solutions of
each metal were prepared from standard solutions by
proper dilution with HNO; 0.01M. Three samples of each
stage were measured and corresponding statistical
treatment of the values was performed.

Results and Discussion

Before any sample collection the pH of each one was
measured. The sample “before the biological treatment”
had a pH of 8.11, the sample “after the biological
treatment” had a pH of 7.80 and the sample
“ultrafiltration permeate” had a pH of 6.77. This is in
accordance with the fact that before the ultrafiltration, an
acidification process occurs.

The sample of first stage of the treatment process was
more difficult to digest; requiring a larger volume of aqua
regia and longer digestion followed by the sample after

biological treatment, and finally, the sample of the
permeated of the ultrafiltration, which requires a lower
volume of digestion solution and less time for digestion.
These are consistent with the content in organic matter of
each stage. The results obtained are presented in Table 1.
Fe was the most abundant metal. Cr and Zn present also
significant values. The metals content is whitin the range
of values presented in literature™ for leachates of
landfills.

The stage after the biological treatment is where the
leachate presents the highest metal content. This is
probably due to the fact that there is a recirculation of the
concentrate of the ultrafiltration back to the tanks where
the biological treatment occurs. It is a result consistent
with the evaluation made in literature’®’ i.e. that metals
in leachates are mostly associated with organic molecules
and adsorbed on colloidal fractions.

Table 1 — Metals content in each stage of collection of landfill leachate (mg LY

Stage of collection Fe Cr Zn Cu Mn Pb Cd
Before biological * «
22.34 £0.03 4.04 £0.30 1.76 +£0.39 0.12 £0.00 0.40 +0.07 - -
treatment
After biological *
4127 +£0.13 5.48 £0.00 2.36+0,10 0.21 £0.00 0.66 +0.00 0.31+0.10 -
treatment
ultra-filtration *
4.01+0.18 0.79+0.00  0.52+0,03 0.01 £0.00 0.10 £0.01 0.09 +£0.00 -

Permeate

* values obtained are not within the limit of detection.

Conclusions

The studied leachate presents low concentrations on the
metals studied, namely on the heavy metals Pb and Cd.
The leachate samples just after the biological treatment
present the highest metal content. This may be due to the
recirculation of the ultrafiltration concentrate back to the
lagoon where the biological treatment is done.

This study characterized the leachate from a
intermunicipal landfill at several stages f the WWTP
showing hat the content in the analysed metals is within
the ranges described in literature.
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