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KEYNOTE PRESENTATIONS

The two alternative mechanisms of catalytic carbon formation - relevance of Kinetic
linearity, surface duality and nano-geometry

KN1-CM

L. Sousa Lobo

Mechanism of Catalytic Carbon gasification: Chemical Engineering at Nano Scale. The
case of COz with Fe, Cu, Mg, V and their Alloys

KN1-CM part Il

L. Sousa Lobo, S.A.C. Carabineiro

Molecular Simulation as a Prediction and Design Tool in Chemical Engineering
KN2-MS
M. Jorge

Towards zero energy buildings: photovoltaic and photoelectrochemical devices
KN3-EN
A. Mendes

Polymeric Biomaterials: Recent Developments
KN4-BE
M.H. Gil, P. Alves, P. Coimbra, P. Ferreira
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KN5-BE
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ORAL SESSION - BIOLOGICAL ENGINEERING

Membrane reactors in process intensification of mannosylerythritol lipids production
from sugars

0-BE1

M.V. Santos, N.T. Faria, C. Fonseca, F.C. Ferreira

Effect of Biopolymer Purification Process on the Properties of Exopolysaccharides
Membranes for Pervaporation

O-BE2

.T. Meireles, C. Portugal, V.D. Alves, ].G. Crespo, .M. Coelhoso

Packed bed enzyme microreactor: application in sucrose hydrolysis as proof-of-
concept

0-BE3

P. Fernandes, F. Carvalho

Development of Biofiller to Permeable Reactive Barriers for Treatment of Groundwater
Polluted with Polycyclic Aromatic Hydrocarbons

O-BE4

L. Ferreira, E. Rosales, M.A. Sanroman, M. Pazos

Development of New Disinfection Solutions Including the Use of Chemical
Combinations

0-BE5

A. Meireles, R. Fulgéncio, I. Machado, F. Mergulhao, L. Melo, M. Simoes

Synthesis and Characterization of a Graphene-based Composite Photocatalyst Applied
to the Photoinactivation of Microorganisms

O-BE6

P. Magalhaes, . Angelo, V.M. Sousa, O.C. Nunes, L. Andrade, A. Mendes,

Stability evaluation of polymer-liposome complexes for drug delivery systems
prepared with bacterial lipids

0-BE7

P. Alves, A.A. Hugo, E.E. Tymczyszyn, F. Szymanowski, P.F. Pérez, ].F.]. Coelho, P.N. Simdes, A.
Goémez-Zavaglia

Sustainable biosurfactants: Yeast conversion of lignocellulosic biomass into
mannosylerythritol lipids

O-BE8

N.T. Faria, M.V. Santos, C. Ferreira, S. Marques, F.C. Ferreira, C. Fonseca

Phenylboronic Acid Chromatography: Validation and Scale-up of a Multi-modal Process
for the Purification of Monoclonal Antibodies

0-BE9

S.A.S.L. Rosa, R. dos Santos, M. R. Aires-Barros, A. Tover, A.M. Azevedo

Scalable expansion of neural stem cells supported in electrospun nanofiber scaffolds
0-BE10
M.C.A. Sousa, C.A.V. Rodrigues, ].M.S. Cabral, F.C. Ferreira

Enzyme Superactivity Induced by Ionic Liquids Aggregates as the Key for Boosting the
Reactions Yield
0-BE11
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P. de Morais, L.D.F. Santos, F.A. e Silva, S.P.M. Ventura

Detection and Discrimination of Microorganisms Using Locked Nucleic Acid -
Fluorescence In Situ Hybridization (LNA-FISH)

0-BE12

A.S. Azevedo, B. Pereira, C. Almeida, L. Melo, ]. Wengel, N.F. Azevedo

Yeasts identification in microfluidic devices through peptide nucleic acid fluorescence
in situ hybridization (PNA-FISH)

0-BE13

D. Moreira, L. Cerqueira, J. Miranda., N.F. Azevedo

Extraction of Bovine Serum Albumin (BSA) by Aqueous Biphasic Systems (ABS)
composed of Good’s buffer ionic liquids

0-BE14

M.V. Quental, M. Taha, F.A,, Silva, S.P.M. Ventura, M.G. Freire, ].A.P. Coutinho

Integral production and concentration of surfactin from Bacillus sp ITP-001 by semi-
batch foam fractionation

0-BE15

M.T.S. da Silva, C.M.F. Soares, A.S. Lima, C.C. Santana

Bioethanol Production from Rockrose Pretreated by Steam Explosion
0-BE16
AM.R.B.Xavier, M.Ferro, A.F.C Paulino, ]J. Gravitis, D.V. Evtuguin, M.C. Fernandes

Spray-drying of Suillus luteus and Cropinopsis atramentaria mushroom alcoholic
extracts and its synergistic antioxidant effect

0-BE17

A. Ribeiro, G. Ruphuy, L. Barros, ].C. Lopes, M.M. Dias, I.C.F.R. Ferreira, M.F. Barreiro

ORAL SESSION - CHEMICAL ENGINEERING FUNDAMENTALS AND
PRACTICE

Gallium-Substituted and Promoted Hydrotalcites for CO2 Capture at High
Temperatures: Sorption Equilibrium and Kinetics

O-FP1

C.V. Miguel, R. Trujillano, V. Rives, M.A. Vicente, A.F.P. Ferreira, A.E. Rodrigues, A. Mendes, L.M.
Madeira

Adsorption Equilibria of CO2 and N2 on MIL-53(Al): Experimental Measurements and
Adsorption Potential Theory Analysis

O-FP2

B.C.R. Camacho, R.P.P.L. Ribeiro, I.A.A.C. Esteves, ].P.B. Mota

Carbon dioxide removal from anaesthetic gas circuits using carbonic anhydrase and
ionic liquid membranes

O-FP3

C.F. Martins, L. A. Neves, C.A.M. Afonso, [.LM. Coelhoso, ].G. Crespo
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Thermodynamic Analysis of Glycerol Steam Reforming for Hydrogen Production With
in Situ Hydrogen and Carbon Dioxide Separation

O-FP4

J.M. Silva, M.A. Soria, L.M. Madeira

Implementation of a Simulated Moving Bed Reactor process for the synthesis of acetals:
The Glycerol Ethyl Acetal case study

O-FP5

R. Faria, C. Pereira, V. Silva, J. Loureiro, A.E. Rodrigues

Purification of the Polyphenolic Fraction from E. globulus Bark Extract by Membrane
and Adsorption Processes

O-FP6

[. Mota, P.C. Pinto, C. Pereira, ]. Loureiro, A.E. Rodrigues

Optimization of the Adsorption Process for the Analytical and Preparative Separation
of Nadolol Stereoisomers

O-FP7

A.E. Ribeiro, A.E. Rodrigues, L.S. Pais

Hydrogenation of Nitrobenzene over Pd/Al203 catalyst - Mechanism and effect of the
main operating conditions

O-FP8

C. Sa Couto, L.M. Madeira, C.P. Nunes, P. Aratjo

Heterogeneous Photocatalytic Synthesis of p-Anisaldehyde from p-Methoxytoluene in a
Small Batch Reactor under UV-LED Irradiation

O-FP9

D. Heggo, H. Mohamed, S. Ookawara, Y. Matsushita

An Analysis of Ceramic Catalysts Comprised by Iron and Cobalt Oxides for the
Heterogeneous Fenton's Reaction

0-FP10

A.F. Rossi, R.C. Martins, R.M. Quinta-Ferreira

Mass-transfer in narrow rectangular channels with mesh-type spacers under pulsatile
flow in laminar regime

0-FP11

C. Rodrigues, V. Semiao, V. Geraldes

Electrochemical Impedance Spectroscopy Measurements During Chlorine-Evolution
Reaction

O0-FP12

J.F. Silva, A.C. Dias, P. Araugjo, C.M.A. Brett, A. Mendes

On the selection of the working conditions to precipitate Polystyrene wastes from
Limonene solutions

0-FP13

C. Gutiérrez, ].F. Rodriguez, I. Gracia, A. de Lucas, M.T. Garcia

Systematic Parameter Estimation for Equilibria Data With Thermodynamic Consistency
Metrics and Phase Stability

O-FP14

J.F.O. Granjo, N.M.C. Oliveira, J.A.P. Coutinho



ORAL SESSION - CHEMICALS AND MATERIALS

Effect of Finishing Methods on Fragrance Release of Functional Wool/Polyester Fabrics

0-CM1
[.LM. Martins, M.F. Barreiro, A.E. Rodrigues

Correlating Adsorption and Flocculation Kinetics of Polyelectrolytes with Different
Architectures
0-CM2

M. G. Rasteiro, I. Pinheiro, H. Ahmadloo, D. Hunkeler, F.A.P. Garcia, P. Ferreira and C. Wandrey

Effect of an Additive on the Permanent Memory Effect of Polymer Dispersed Liquid
Crystal Films

0-CM3

M.C. Silva, ]. Sotomayor, J. Figueirinhas

Photopolymerized Polymethacrylate Resin for Thiocyanate/Phenol Separation
0-CM4
AM. Lépez, A. Villa-Garcia, M. Rendueles, M. Diaz

Preparation of hydroxyapatite nanodispersions in the presence of chitosan
0-CM5
G. Ruphuy, A. Saralegi, ].C.Lopes, M.M. Dias, M.F. Barreiro

The Alkalinity in Crosslinking of Hyaluronic Acid with Divinyl Sulphone Improves
Properties of the Microparticles as Biomaterial

0-CM6

M.H.A. Santana, A.A Shimojo

Production of RAFT Imprinted Smart Hydrogel Particles in a Continuous Flow Micro-
reactor

0-CM7

C. Machado, A. Freitas, P. Kadhirvel, R.C.S. Dias, M.R.P.F.N. Costa

Continuous Production of high Quality Nanoparticles of Metal-Organic Frameworks
0-CM8
M. Costa, C.M. Fonte, P. Horcajada, T. Devic, |. Faria, M.M. Dias, ].C.Lopes

Fatty Acid Derivatives: a New Approach to Develop Waterborne Paints With Low VOC
emissions

0-CM9

J.V. Barbosa, A. Mendes, F.D. Magalhdes , M.M.S.M. Bastos

Rheological Behavior of Nonionic Surfactant-based Gels
0-CM10
G.A.S. Nobrega, D.A.A. Gomes, A.A. Dantas Neto, E.L. Barros Neto, T.N.C. Dantas

ORAL SESSION - EDUCATION AND SOCIETY

Shaking up final oral evaluations: Poster-Karaoke in Chemical Engineering
Laboratories

0-ES1

A.B. Timmons, F.A. Da Silva

Evaluating the Effectiveness of Teaching Core Chemical Engineering Knowledge and
Competencies in Higher Education - iTeach project

0-ES2

J. Glassey, N. Kockman, V. Meshko, M. Polakovic, E. Schaer, L.M. Madeira
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ORAL SESSION - ENERGY

Production of hydrocracked lubricant base oils by the combination of units already
existent in Galp Energia refineries

0-EN1

P. Oliveira, A.R. Oliveira

A One-Dimensional and Two-Phase Flow Model of a Proton Exchange Membrane (PEM)
Fuel Cell

0-EN2

R.B. Ferreira, D.S. Falcao, V.B. Oliveira, A.M.F.R. Pinto

Preparation and optimization of transparent cuprous oxide photocathodes for allowing
efficient solar water splitting

0-EN3

P. Dias, M. Mayer, |. Azevedo, L. Andrade, A. Mendes, M. Graetzel, S.D. Tilley

Temperature Influence in the Recombination Reaction of Dye-Sensitized Solar Cells
0-EN4
J. Magaira, I. Mesquita, L. Andrade, A. Mendes

Power Generation by Reverse Electrodialysis: Directions for Future Development
0-EN5
S. Pawlowski, V. Geraldes, ].P. Crespo, S. Velizarov

Production of renewable synthetic fuels from electricity using the ELECTROFUEL®
concept

0-EN6

J. Gomes, L. Guerra, ]. Puna J. Rodrigues

Dairy industry effluent treatment and valorisation in a two chambered microbial fuel
cell

0-EN7

A. Faria, L. Gongalves, ].M. Peixoto, L. Peixoto, A.G. Brito, G. Martins

Co-digestion of Sargassum sp. with glycerol and waste frying oil: optimization of the
biomethane production using a design of experiments

O0-EN8

J.V. Oliveira, M.M. Alves, ].C. Costa

Anaerobic Studies of Ethylic and Methylic Biodiesel and Impact on Benzene
Biodegradation.

0-EN9

F.S. Portugal, A.S. Danko, J.M. Dias

Bioethanol Production From Sugar-rich Agro-Industrial Wastes
0-EN10
A. Constantino, B. Rodrigues, S. Raposo, M.E. Lima-Costa

Glucose Fermentation to Hydrogen by Thermophilic Mixed Culture
0-EN11
R.P. Ratti, T.P.Delforno, D.Y. Okada, M.B.A. Varesche
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ORAL SESSION - MULTI-SCALE MODELING AND SIMULATION

Modelling the Hydrodynamics of Cooling Channels Inside Shell-Type Power
Transformers with CFD

0-MS1

H.M.R. Campelo, R.T. Oliveira, C.M. Fonte, X.M. Lopez-Fernandez, M.M. Dias, ].C. Lopes

Dynamic Modelling Framework with Automatic Differentiation Index Reduction
0-MS2
J.R. Leal, L.O. Santos, A. Romanenko

Stochastic modelling of the thermal and catalytic degradation of polyethylene
0-MS3
N. Trindade, A. Lemos, A. Coelho, .M. Fonseca, M.A.N.D.A. Lemos, F. Lemos

Kinetic Modelling for Enzymatic Hydrolysisof Pre-treated Sugarcane Straw
0-MS4
J.D. Angarita, A.R. Secchi, E.C. Biscaia Jr., A.].G. Cruz, R.B.A. Souza

MOF Based PSA Processes For Gas Separation
0-MS5
AM. Ribeiro, A.F.P. Ferreira, A.E. Rodrigues

Nanoscale Confinement of B-DNA into Hydrophobic Pores
0-MSé6
F.J.A.L. Cruz, ].]. de Pablo, ].P.B. Mota

Cyclone Optimization Using Particle Agglomeration
0-MS7
A. Alves, |. Paiva, R. Salcedo

Study of Mass Transfer Limitations in a Multiphase Stirred Tank Reactor for the
Screening of Shaped Catalysts

0-MS8

C.P. Fonte, M. Braga, R. Vasile, L. Brunet-Errard, I. Pitault, S. Simoéns, C. De Bellefon, V. Santos-
Moreau, J.C. Lopes

Synergistic effect of mixed solvents in extractive distillation to produce fuel alcohol
0-MS9
.D. Gil, L.C. Garcia, G. Rodriguez

Monitoring the Process Correlated Structure Using Partial Correlation Information
0-MS10
T. Rato, M. Reis

Evaluation of swirl strength and centrifugal acceleration on supersonic swirling
separators

0-MS11

B.M. Vaziri
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ORAL SESSION - SUSTAINABILITY AND ENVIRONMENT

Recovery of Cr(III) from tannery wastewaters using ion-exchange and nanofiltration
0-SE1
L. Gando-Ferreira, ].C. Marques, M.]. Quina

Sorption isotherms of recycled cellulosic fibres modified by ultra high pressure pre-
treatment

O-SE2

A.M. Salgueiro, D.V. Evtuguin, ].A. Saraiva, F. Almeida

Analytical Performance of Spectral Deconvolution Approach for the Analysis of
Diterpene Esters in Coffee Using HPLC-DAD

O-SE3

G.L. Erny, M. Moeenfard, A. Alves

Determination of the VOC removal capacity of a semi-continuous two-phase
partitioning bioreactor

O-SE4

M. Guillerm, C. Picard, A. Couvert, A. Amrane, E. Dumont, E. Norrant, N. Lesage, F. Rouxel

Comparing Aerobic Granular Sludge and Flocculent Sequencing Batch Reactor
Technologies for Textile Wastewater Treatment

O-SE5

N.D. Lourengo, R.D.G. Franca, M.A. Moreira, H.M. Pinheiro

Effect of Sequencing Batch Cycle Strategy on the Treatment of a Simulated Textile
Wastewater with Aerobic Granular Sludge

O-SE6

AM.T. Mata, H.M. Pinheiro, N.D. Lourenco

Evaluation of Moringa oleifera Seed Flour and Clays as Clarifying Agents of Eutrophic
Lake Water

O-SE7

AF.S. Santos, M. Rodrigues, J. Cardoso, A.C. Rodrigues, J.A.C. Teixeira, P.M.G. Paiva, L.C.B.B.
Coelho, A.G. Brito, G. Martins

Microalgal Harvesting through Autoflocculation and Bioflocculation: an Overview
O-SE8
N.F.P. Silva, F.G. Martins, M.C.M. Alvim-Ferraz, V.].P. Vilar, ].C.M. Pires

Life Cycle Assessment of Microalga Production using Domestic Wastewater and
synthetic culture

0-SE9

M.S. Gongalves, E. Castanheira, S. Graga, B. Ribeiro, L. Gouveia, A.C. Oliveira, F. Freire, C.T.
Matos

Catalytic Studies for the Abatement of Emerging Contaminants by Ozonation
0-SE10
R.C. Martins, M. Cardoso, R.F. Dantas, C. Sans, S. Esplugas, R.M. Quinta-Ferreira

Orange Il Dye Degradation by Heterogeneous Fenton Process in Continuous Stirred
Tank Reactor

0-SE11

S. Queirés, C.S.D. Rodrigues, F.J. Maldonado-Hédar, L.M. Madeira
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Industrial Waste as Catalysts in electro-Fenton-like treatment: Activity, Stability and
Reusability

0-SE12

E. Alfaya, E. Rosales, M. Pazos, M.A. Sanroman

Bromate Reduction Under Hydrogen Using Monometallic Catalysts on Different
Supports

0-SE13

J. Restivo, 0.S.G.P. Soares, ].J.M. Orfio, M.F.R. Pereira

A Biorefinery Based on Spent Coffee Grounds: a Waste to Chemicals and Energy
Solution

0-SE14

N. Caetano, V. Silva, A. Martins, T. Mata

The Role of pH and Ionic Strength in the Sorption of Vegetable Oil from Water by Cork
Granules

0-SE15

A.M.A. Pintor, R.S. Souza, V.J.P. Vilar, C.M.S. Botelho, R.A.R. Boaventura

Water vapour adsorption by a coffee-based microporous carbon: effect on CO2 capture
O0-SE16
M.G. Plaza, A.S. Gonzalez, F. Rubiera, C. Pevida

An overview of eggshell waste potential for sorptive and catalytic processes
O0-SE17
M. Soares, M. Quina, R.M. Quinta-Ferreira

POSTER SESSION - BIOLOGICAL ENGINEERING

Comparative study of Candida guilliermondii and Pichia stipitis fermentation on olive
pruning dilute acid hemicellulosic hydrolysate

P-BE1

J.G. Puentes, B.G. Fonseca, S. Mateo, I.C. Roberto, A.]. Moya, S. Sanchez

Bioethanol Production: Adaptation of Scheffersomyces stipitis to Hardwood Spent
Sulfite Liquor

P-BE2

C.J.R. Frazao, S.R. Pereira, V. Sanchez i Nogué, L.S. Serafim, M.F. Gorwa-Grauslund, A.M.R.B.
Xavier

Characterisation of a Bacterium Isolated From a Minimally Processed Vegetables Plant
Including its Antimicrobial Resistance

P-BE3

A. Meireles, R. Fulgéncio, I. Machado, F. Mergulhao, L. Melo, M. Simoes

Bioflocculation Assessment of Mixed Cultures of Selected Microalgae and
Cyanobacteria

P-BE4

A.L. Gongalves, ].A. Loureiro, ].C.M. Pires, M. Simdes

Immobilization of whole cells of Yarrowia lipolytica for citric acid production
P-BE5
A. Gongalves, A. Braga, P. Ferreira, 1. Belo



Development of An Image Analysis Methodology For Animal Cell Cultures
Characterization

P-BE6

A.L. Amaral, D.P. Mesquita, M. Xavier, L. Rodrigues, L. Kluskens, E.C. Ferreira

Effect of Size and Oxidation in Biocompatibility of Graphene-based Materials
P-BES8
A. Pinto, G. Carolina, D. Sousa, A. Moreira, I. Gongalves, F. Magalhaes

Biorecovery of Heavy Metals Using Vermiculite for Sediment and Water Protection
P-BE9
C. Ferronato, B. Silva, F. Costa, L.V. Antisari, T. Tavares

Sucrose hydrolysis by immobilized invertase in Duolite A-568 employing a packed bed
reactor

P-BE10

B.V. Cabral, L.N.S.S. Falleiros, T.S. Carmo, L.D.S. Marquez, M.M. Resende, V.L. Cardoso, E.J.
Ribeiro

Use of Hardwood Sulphite Spent Liquor For Polyhydroxyalkanoate Production By
Mixed Microbial Culture

P-BE11

D. Queirds, A. Fonseca, C. Rangel, S. Rossetti, L.S. Serafim

Fermentation in Two Operation Scales of Enzymatic Hydrolysates of Industrial
Lignocellulosic Materials for the Production of Bioethanol

P-BE12

C.V.T. Mendes, M.G.V.S. Carvalho, ].M.S. Rocha

Influence of Different Photoperiods on Growth of the green microalgae Chromochloris
zofingiensis

P-BE13

C. Silva, N. Caetano, A. Mendes

Study of the encapsulation efficiency and release profiles of alginate microspheres
containing a-tocopherol

P-BE14

D. Vieira, ].S. Amaral, M.F. Barreiro

Game tabulae at the Convento de Cristo in Tomar - study of biological colonization
P-BE15
D.M.R. Mateus, S. da Ponte, ].P.F. Coroado, F.].F.T. Rocha

Study of Ni (II) and Diethylketone Removal from Aqueous Solutions Using a Biofilm of
Streptococcus equisimilis Supported on Vermiculite

P-BE16

F. Costa, B. Silva, C. Quintelas, T. Tavares

Effects of the Temperature and Broth Composition on Ethanol Production from
Sugarcane Bagasse and Crude Enzymatic Extract

P-BE17

J. Fischer, V. dos S. Lopes, E.F.Q. Santos, E.J. Ribeiro, U.C. Filho, V.L. Cardoso, C.M.A. Galvao, ].C.
Teodoro

Ethanol production via crude enzymatic hydrolysis of sweet sorghum bagasse treated
with a pressurized batch hot water reactor
P-BE18
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J. Fischer, E.F.Q. Santos, V. dos S. Lopes, E.J. Ribeiro, U.C. Filho, V.L. Cardoso

Effect of Edible Composite Coatings on Color Change in Tomato (Solanumlycopersicum
L.) Fruits during Storage

P-BE19

A.R.M. Barreto, E.M.M. Aroucha, F.K.G. Santos, R.H.L. Leite, T.A. Oliveira

Poly(3-hydroxybutyrate) production by Cupriavidus necator DSM 545, from a
byproduct of the ethanol production process

P-B20

K. Zanfonato, L.K. Quines, M. Schmidt, C.S. Gai, F.M. Martinhago, W. Schmidell, G.M.F. Aragao

Exploring the Use of Heparin as First Capture Step in the Purification of Monoclonal
Antibodies from Cell Culture Supernatants

P-BE21

L.F. Pinto, S.A.S.L. Rosa, M.R. Aires-Barros, A.M. Azevedo

Screening of different microorganisms for their biodegradation capacity regarding
polyester-based thermoplastic polyurethanes

P-BE22

I.P. Fernandes, M. Barbosa, ].S. Amaral, V. Pinto, M.]. Ferreira, M.F. Barreiro

Development of a prototype to access biodegradability of TPU shoe soles under
controlled conditions

P-BE23

I.P. Fernandes, M. Barbosa, J.S. Amaral, V. Pinto, M.]. Ferreira, M.F. Barreiro

Covalent immobilization of crosslinked trypsin onto electrospun poly(ethylene
terephthalate)/poly(lactic acid) nanofiber mats

P-BE24

T.R. Silva, ].M.S. Rocha, M.H. Gil, S.C.S. Pinto, ].A. Lopes da Silva, A.]. Guiomar

Optimization Of Initial Moisture And Temperature In Solid State Fermentation To
Produce Cellulases By Aspergillus Uvarum On Olive Mill And Winery Wastes
P-BE25

J.M. Salgado, L. Abrunhosa, ].M. Dominguez, A. Venancio, 1. Belo

Cellulase and Xylanase Production by A. uvarum in Solid-State Fementation Using a
Packed-Bed Bioreactor

P-BE26

J.M. Salgado, L. Abrunhosa, ].M. Dominguez, A. Venancio, I. Belo

MSAT Strategies in Pharmaceutical Engineering
P-BE27
T.A. Carvalho, A.]J. Almeida, R.S. Gaspar, ].C. Menezes

Biodegradation of chlorpyrifos, malathion and methyl parathion using a Compost - Soil
matrix enriched with nutrients.

P-BE28

S.A. Upegui, ].F. Saldarriaga, L. Botero

A Study of Contamination Control in Ethanol Fermentation using Flocculent Yeast Cells
P-BE29
L.D. Santos, C.Z. Guidini, M.M. Resende, V.L. Cardoso, E.]. Ribeiro

Effect of temperature, pH and agitation on flocculent characteristics of Saccharomyces
cerevisiae strains
P-BE30

XII



L.D. Santos, C.Z. Guidini, M.M. Resende, V.L. Cardoso, E.]. Ribeiro

Production of Novel Monoclonal Antibodies Against Extracellular Polysaccharides from
Pleurotus ostreatus by Using Hybridoma Technology

P-BE31

M. Semedo, S. Martins, A. Karmali, L. Fonseca

Novel Colorimetric Assay of Polysaccharides by Alcian Blue Dye in a 96-Well Microtiter
Plate in Basidiomycete Mushrooms

P-BE32

M. Semedo, L. Fonseca, A. Karmali

Effect of the substitution of amine groups of PIL in the synthesis of silica and use in the
immobilization of lipase

P-BE33

M.V.S. Oliveira, P.A.A. Rodrigues, N.B. Carvalho, M.M. Pereira, S. Mattedi, C.M.F. Soares, A.S.
Lima

Bioactivity evaluation of four technical lignins: Alcell, Indulin-AT, Sarkanda and Curan
27-11P

P-BE34

A. Marques, C.A. Cateto, R. Calhelha, L. Barros, M.J.R.P.Queiroz, M.N. Belgacem, A.E. Rodrigues,
[.C.F.R. Ferreira, M.F. Barreiro

Kefir and Probiotic Drinks Produced from Liquid Whey Protein Concentrate
P-BE35
M. Henriques, D. Gomes, C. Pereira

Biological removal of Cr (VI) with reuse of cells
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air-filled
~ vesicles

crosslinked
polyester

Particles sizes:
1-4 mm

This work studies the synthesis of low density particles (LDPs)
based on crosslinked polyester, each particle containing
numerous air-filled vesicles. Due to its particular internal
structure and rigidity they can be used as fillers in wood-based
panels to reduce the final density and keep their desired
mechanical performance. Important process variables as stirring
conditions, type of cure initiator and drying conditions were
studied. Particles well vesiculated and with diameters in the
range 1- 4 mm were prepared and its performance in wood-based
panels is an on-going study.

Introduction

In the last decades, the furniture industry’s
demand for light wood-based panels has increased,
in particular due to the popularity of “takeaway”
furniture. Consumers prefer products that are
available at time of purchase and that can be easily
handled which justifies lightness as the
fundamental requirement. On the other hand, there
is a current trend in furniture design that involves
high thickness components, and hence a reduction
of weight is desirable, for economical (material
and transportation costs), environmental reasons
(resources, eco-efficiency), and organizational
reasons.

Numerous approaches have been made to save
weight by using low density wood species [1] or
other plant fibers (e.g. hemp [2]), sandwich panels
with foam core [3] or honeycomb core [4], or by
incorporating polymeric particles during wood-
based panels production (e.g. expanded
polystyrene [5]). However, the reduced weight
comes along with a decline of the mechanical
properties (bending strength and internal bond),
the porous edges decrease the resistance to axial
withdrawl] of screws and prejudices the quality of
finishing  (coating, edge lamination) and
machinability. In this study, low density particles
(LDPs) made of crosslinked polyester were
introduced as light fillers for wood-based panels.
These particles combine low density and high
mechanical resistance as a result of an internal
multi-alveolar ~ structure separated by rigid
polymeric walls. Some studies about the
production of multivesiculated polyester particles
with a mean size of 10 um are already available in

the literature [6] still with the purpose of its
application as opacifiers in paints. In the wood-
panels case, larger particles (diameters above
Imm) are desired. In this study, the influence of
the stirring rate conditions, type of cure initiator
and the drying process conditions on final internal
vesiculation, particle size and density were
studied. The performance of the optimized
particles will then be evaluated in wood-based
particleboards.

Particles preparation and characterization

For producing LDPs, an organic phase
comprising unsaturated polyester dissolved in
styrene, is dispersed in an aqueous solution of
polyvinyl alcohol (PVA) at high stirring rate. A
base is previously added to the organic phase,
causing the neutralization of the polyester
carboxyl groups and forming polyester salts which
leads to the diffusion from the external aqueous
medium. This entrapped water forms the internal
vesicles, and the whole system becomes a water-
in-oil-in-water (W/O/W)  emulsion (double
emulsion). A radical polymerization is then
initiated by adding a water soluble initiator system
(cumene hydroperoxide in combination with a
metal redox activator).

Final LDPs are then washed with distilled water
and dried at 80 °C for 2 hours.

Final particle size distributions were obtained by
sieving (sieves with open mesh of 100 um, 1 mm
and 2 mm, supplied by Retsch). Particle
morphology and internal vesiculation were
observed by scanning electron microscopy (SEM),
using a JEOL JSM-6301F, Oxford INCA Energy
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350 equipment. For this purpose, dried particles
were encapsulated in epoxy resin, and the resulting
composite was fractured after hardening at 90 °C
overnight. Before being analyzed, samples were
sputtered with gold/platinum using a K575X
Sputter Coater by Quorum Technologies. The bulk
density of the particles was determined by mercury
porosimetry.

Results

During the dispersion phase, the studied stirring
rates were: 200 RPM, 600 RPM, 750 RPM, 1000
RPM and 1400 RPM, maintaining the rest of
process variables. Figure 1 depicts the internal
morphology of the particles and two different
trends seem to exist.

D72 OlLS B0
Figure 1. Middle of a fractured polyester particle
produced with different dispersion stirring rates: 200
RPM (a), 600 RPM (b), 750 RPM (c), 1000 RPM (d) and
1400 RPM (e).

For the lowest shear rates, the number of
vesicles in the middle of the particle increased,
maintaining an average size of 2 um (Figure la, 1b
and 1c) which means that the higher stirring was
favouring the diffusion of external water into the
organic droplets. SEM images from a peripheral
zone of Figures la and 1b evidenced a larger
number of vesicles and corroborated that lower
stirring rates were not enough to promote water
diffusion towards the centre of the droplet.
Higher stirring rate caused successive droplet
rupture/coalescence, leading to large heterogeneity
in final vesicles sizes (Figure 1d). Finally, at 1400
RPM, vesicles were almost uniformly formed with

much larger sizes (15 um), as showed in Figure
le. The improvement in vesiculation justified the
decreasing in measured densities values from 1000
kg/m® to 600 kg/m’.

Due to the influence of dispersion parameters on
the final particle sizes, a second step, at lower
stirring rate, was implemented in order to allow
droplet coalescence and formation of larger
particles. Figure 2 shows the particle size
distribution of LDPs studied at these conditions.
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Figure 2. Influence of the implementation of a second

lower stirring rate during the dispersion phase on the
final particle size distribution.

As predicted, the implementation of a lower
second stirring period favoured the coalescence of
the organic droplets into bigger one, leading to a
displacement of the final distribution to the right
and removing particles smaller than 100 wm. Not
so predictable was the observed tendency for
obtaining larger particles by increasing the first
stirring rate. In this regime, higher stirring is
increasing droplet coalescence due to more
frequent collisions.

Cured particles fractured during the final drying
stage at 80 °C (Figure 3), probably due to internal
pressure created by water vapour combined with
residual stresses originated during cure. Replacing
the water-soluble radical initiator by an organic-
soluble one, solved the problem, due to a more
uniform curing throughout the entire particle.

Figure 3. Fractured particles after the. drying process at
80 °C for 2 hours.

Due to the importance in obtaining particles with

the lowest density, the final drying process is a
critical stage. Particles with the same diameter (4

2



mm) were first dried at 80 °C for 2 hours to avoid
the internal fracture. One of the series was then
kept at this temperature while the other particles
were left to dry at 105 °C till the final mass keep
constant. The volume of the particles was
indirectly measured by a caliper rule. Figure 4
shows the evolution of the calculated density in
relation to the initial value (d/d°) during the drying
process. The density of the polymer (polyester
reticulated with styrene) was determined by water
pycnometry and it corresponded to 1211 kg/m’.
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Figure 4. Evolution of the normalized density of
particles during the drying process.

As predicted, the drying process can be
accelerated by increasing the drying temperature
and it was verified that it not compromised the
internal structure. According to the results, it
might be possible to take off the internal water

Acknowledgements

from the vesicles after 48 hours. The final density
of the dried particles corresponded to 600 kg/m3.

Conclusions

Low density particles (LDPs) made of
crosslinked polyester that incorporate numerous
air-filled domains and with sizes in the range 1 - 4
mm were synthetized. For its preparation, some
process variables are now well understood: higher
stirring rates during the dispersion of polyester
droplets leads to less dense particles due to better
vesiculation. Larger particles can be obtained by
implementing a second step at a lower stirring rate.
Tendency to fracture during drying was eliminated
by using an organic-soluble cure initiator. LDPs
must be dried at least 2 days at 80 °C, to remove as
much water as possible and achieve the lowest
density.

We are now evaluating the performance of these
particles in wood-based panels, namely the
intended compromise between panel density,
internal bond and bending strength.

This work is co-founded by FEDER/QREN (Lightfillers project with reference FCOMP-01-0202-FEDER-30178 in the
framework of Programa Operacional Factor de Competitividade.
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