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Preface

It is with great pleasure that we welcome you to Vila Nova de Gaia to take part on the 4t edition of the Cork in
Science and Applications Conference (CSA23). This event serves as a platform for scientists, researchers,
industry professionals and enthusiasts from around the world to come together and delve into the fascinating
world of cork.

Cork, with its unique properties and versatility, has been a subject of interest for centuries. Its natural resilience,
low density, and excellent thermal and acoustic insulation properties have made it an invaluable material in
various industries, ranging from architecture and design to aerospace and wine production. As we gather here
today, we are presented with an exciting opportunity to explore the latest advancements in cork research and its
wide-ranging applications.

This conference aims to foster collaboration, knowledge sharing, and innovation within the field of cork material
science. We have curated a diverse program that encompasses a broad spectrum of topics, including cork
extraction and processing techniques, cork characterization and properties, sustainable cork production, novel
applications of cork in different industries, and the environmental impact of cork utilization.

Throughout the conference, you will have the chance to engage in thought-provoking discussions, attend
insightful presentations, and connect with fellow professionals who share a common interest in cork. Our
esteemed lineup of speakers comprises experts and pioneers in cork research, who will present their latest
findings and shed light on emerging trends and future prospects within the field.

We would like to extend our sincere gratitude to the the dedicated contributors and our generous sponsors for
their unwavering support in making this conference a reality.

Lastly, we encourage all participants to seize this opportunity to exchange knowledge, forge new partnerships,
and contribute to the ever-growing body of research in cork material science. May this conference serve as a
catalyst for innovative breakthroughs and sustainable solutions that will positively impact industries and the
environment.

We wish you all a stimulating and rewarding experience at CSA23

Sincerely,

Ricardo Sousa, Fabio Fernandes and Gabriel Serra
TEMA - University of Aveiro
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Abstract.

Cork is a natural product obtained from the outer bark of an oak species. Cork is light with low
permeability to liquids, an excellent thermal insulator, shock absorption, and elastic
compression due to a closed cellular structure with high suberin and lignin content. There are
three types of cork: virgin cork, second cork, and reproduction cork. Virgin cork is the first cork
layer produced by the original phellogen of the cork oak. The second cork is the new traumatic
periderm produced by the regenerated phellogen after the removal of the virgin cork. The
successive cork layers, grown after the removal of the second cork are reproduction corks

(Pereira 2007).

In the Korean cork industry, the primary raw material for various products (e.g., wine stoppers,

insulation boards, and surfacing products for pavements and sidewalls) is Q. suber reproduction
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cork imported from Portugal. As the demand for cork increases for the products, the Korean

cork industry is trying to find alternative cork resources from domestic wood species. Quercus
variabilis virgin cork is the only cork resource currently available in Korea. So far, there is still
no study on the quality of the cork resources produced by the Q. variabilis grown in Korea.
Therefore, to obtain basic data for further utilization of domestic cork resources, the qualitative
and quantitative anatomical characteristics of Q. variabilis virgin cork grown in Korea were
investigated by scanning electron microscopy and compared with those of commercial cork as
Quercus suber reproduction cork from Portugal. The virgin cork of Q. variabilis was collected
from three trees at breast height in the research forest of Kangwon National University
(Chuncheon, Korea) (37°77°N, 127°81°E) and the reproduction cork of Q. suber from Portugal
was provided by FC Korea Land Co., Ltd. (Seoul, Korea)

Cork back

Cork back

Dark-brown  Sclereid Lenticular
zone channel

Phellogen Lenticular Phellogen Cork

— channel _—

Figure 1. Virgin cork of Q. variabilis (A) and reproduction cork of Q. suber (B). Scale bars: 20 mm

In terms of qualitative features, dark-brown zones with sclereids were found only in Q.
variabilis cork. Q. variabilis virgin cork showed a distinct growth ring boundary and an abrupt
transition from earlycork to latecork with a few rows of latecork cells. Q. suber reproduction
cork showed an indistinct growth ring with a gradual transition from one to two rows of latecork
cells. In the earlycork, Q. suber showed mild corrugation, while Q. variabilis displayed
significant corrugation with collapsed and distorted cork cells. The lenticular channel in Q.
variabilis virgin cork was surrounded by thick-walled cells filled with compact lenticular filling
tissue. Q. suber reproduction cork had an opening with loose lenticular filling tissue surrounded

by thick-walled cells (Prasetia et al. 2022a).

Regarding quantitative features, Q. variabilis virgin cork showed a smaller growth ring width

and higher latecork percentage than Q. suber reproduction cork. In the transverse and radial
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surfaces, Q. variabilis cork showed a lower frequency of pentagonal cork cells than Q. suber

cork. On the tangential surface, Q. variabilis cork showed a lower frequency of heptagonal cells
and a higher frequency of pentagonal cells than Q. suber cork. Cell width, lumen diameter, cell
wall thickness, prism base edge and area, total cell volume, and solid cell wall volume in Q.
variabilis virgin cork were smaller than those in Q. suber reproduction cork. The fractional
solid volume and number of cells per cm? in Q. variabilis virgin cork were higher compared to
those in Q. suber reproduction cork (Prasetia et al. 2022b).

In conclusion, the qualitative and quantitative anatomical aspects of Q. variabilis virgin cork
were distinctively different from Q. suber reproduction cork. Due to the structural
characteristics of Q. variabilis virgin cork, applications require trituration to cork granules and
agglomeration to produce cork composite products, while its cellular features allow considering
it for insulation, surfacing, and sealant products. The results of this study may be used to

evaluate the quality and identify Q. variabilis virgin cork grown in Korea for further utilization.
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Abstract.

Shear thickening fluids (STF) viscosity significantly increases when subjected to an external
dynamic load. Recent advances show their potential for engineering applications, such as the
development of shock absorbers and impact energy-absorbing structures. There is a search for
sustainable materials for several applications due to the critical need to replace nonrenewable
raw materials. Cork is a sustainable material reported to be an excellent alternative to synthetic
energy absorbers thanks to its cellular microstructure and cell-wall composition. This work
focuses on the development of cork composites designed for impact energy mitigation and on
their enhancement with STFs. The cork-STF composites were manufactured by compression
molding, exploring different compositions of both raw materials. Additionally, the manufactured
compounds were characterized by submitting samples to dynamic compression loading,
particularly impacts. The results made it possible to conclude that for STF concentrations higher
than 20%, deagglomeration occurs. On the other hand, good results were achieved with
compounds that have less than 20% of STF in their composition, being able to withstand impact
loading. Therefore, it was concluded that the impregnation of the cork compound with STF
leads to a decrease in energy absorption. Nevertheless, the agglomeration was successful, and
this design can be adapted for other specific purposes, applications or even strain rates than the

ones explored in this work.
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Abstract.

Cork granules are by-products after the production of various cork products, such as wine
stoppers, and are considered a valuable resource because of their good elasticity and slip
resistance. In the first study, the applicability of cork granules as paving materials for walkways
and children's playgrounds was investigated. Cork granules with various particle sizes from 1
mm to 8 mm were obtained from Portuguese cork oak (Quercus suber). As a result of
manufacturing cork paving materials with a thickness of 15 mm, their tensile strength was found
to be 0.5 MPa or more. However, the tensile properties of the paving material made only with
cork granules with a particle size smaller than 2 mm were less than 0.2 MPa. Furthermore, other
physical properties of cork paving materials such as shock absorption, sliding resistance, and
vertical deformation were all investigated as suitable for human activity. As a result of surface
temperature measurement by a thermal imaging camera in summer, it was found that the cork
paving material was more effective in alleviating the heat island phenomenon than the rubber
one. In the second study, for the localization of cork resources, the cork granule manufacturing
pattern from Quercus variabilis, which is known to have the thickest cork layer among domestic
species in Korea, was evaluated, and the cork paving material manufacturing potential was
evaluated. The 57-year-old oak (approximately 40 cm in diameter at breast height) collected

from the academic forest of Kangwon National University is classified into details such as the
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outer bark (including the cork layer), the inner bark, and the wood, and pulverize each of them

in a cutter mill-type grinder for the same time. The shape and particle distribution of water were
evaluated. As a result, the outer bark containing the cork layer showed an amorphous granular
shape by pulverization, the inner bark was powdery, and the xylem was needle like shaped.
About 1% of the total pulverized material of the outer bark was scattered and lost during
pulverization and sampling, and about 31% had a particle size of 2 mm or less. About 68% of
the total pulverized material was found to exceed 2 mm. Among them, the distribution of
particles for installing the lower layer of cork paving material (more than 5 mm) was the highest,
and the distribution of particles for installing the upper layer (2 to 4 mm) was 25% was high.
Only cork granules suitable for the above-mentioned upper and lower layers were selected
to manufacture cork paving materials for children's activity spaces, and their safety was
evaluated by the HIC safety test method. As a result of the HIC safety inspection, the domestic
oyster oak-based cork paving material did not show a significant difference from the case
manufactured based on imported products, and it sufficiently exceeded the test standard of 1,000

or less even if the thickness of the finished product was varied.

Cork Paving Materials
made by processed cork granules

Top Pavement
(15T)

& |

Bottom Pavement | E£%
(50T)

Top Pavement
(15T)

Primer Layer

3 &
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[ Cork Pavement for Children Facilities ]

Waterspout
15 mm Thickness Single Pavement 15 mm and 50 mm Thickness Double Pavement

Figure 1. Cross sectional view of cork paving materials.
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Walking Trails

Children Playgrounds Park Shelter Indoor Floors

Figure 2. Application cases of cork paving materials.
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Abstract.

Oxygen permeability data is relevant for selecting wine bottle closures, but the impact of wine
contact, temperature, and time use has not yet been explained. Market available stoppers were
analysed for oxygen ingress over time in stoppered bottles, under different temperatures, with
and without contact between the cork and wine simulant. The Weibull model described well the
oxygen ingress. Differences were found between cork types, in long-term oxygen pressure
values and ingress rates. The temperature effect followed an Arrhenius behaviour, with statistical
significance only for micro agglomerated corks. Micro agglomerated corks exhibited slower
initial oxygen ingress but higher long-term oxygen ingress than natural corks. Principal
Component Analysis (PCA) showed that factors related to the bottleneck-cork interface
contributed more to the variance of the system than the cork type. Liquid contact reduces oxygen
ingress rate around five times. The temperature impact in the oxygen ingress was lower for

natural corks than for micro agglomerated corks.
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INTRODUCTION

Despite corks being used as a closure for bottled wine for a long time, they still lack
confirmation for the reasons of their effectiveness and the changes in their performance during
the use period.

Much of the research regarding cork performance has been conducted in the sense of
bottled wine ageing [2], [16], [17]. Other research work has been conducted in the context of
determining the permeability under different test conditions [9], [10] or analysing the applicable
mass transfer models [1], [3], [8]. Reviews have been presented to describe the complexity of
the wine bottles’ closure system [5], [6].

The rationale of the current study considers that significant improvements in the
reliability of closure performance can only be achieved by closer attention to the parameters
that affect cork closure performance. The ongoing project aims to investigate the preservation
of cork properties by analysing their mechanical behaviour; permeability to gases; wine-cork

interactions, and fatigue analysis.

BACKGROUND

The research focuses on cork behaviour regarding mechanical properties and
permeability to oxygen, considering both wine-cork interactions, bottleneck, and temperature.
Market available stoppers, natural and micro agglomerated (technical) corks, were
analysed, under different temperatures (8, 23, and 40 °C), with and without contact between
cork and wine simulant.

Compression pattern differs from natural to micro agglomerated corks. The
compression behaviour has been reported with properties of flexible cellular materials
exhibiting compression curves (stress—strain) with three regions [12]. Recovery tests aim at
bringing insights into elastic properties decay and show different mechanical contours of
natural and micro agglomerated corks.

The empirical Weibull model describing the oxygen ingress in the bottle over time
(equation (1)) described well the observed data. This model has been used to describe various
processes in food processing, quality, and safety, including the mass transfer of additives from
plastics into food [14].

Differences were found between cork types in long-term oxygen pressure (Po) and

ingress rates (7). Micro agglomerated corks exhibited slower initial oxygen ingress but higher

12
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long-term oxygen ingress than natural corks. Liquid contact reduces oxygen ingress around

five times. The temperature impact in the oxygen ingress was lower for natural corks. Principal
Component Analysis (PCA) showed that factors related to the bottleneck-cork interface
contributed more to the variance of the system than the cork type.

The data obtained for oxygen ingresses allows modelling the effect of temperature in

the range of 8 to 40 °C for predicting the behaviour under varying conditions of storage or

transportation.
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Figure 2. Monitoring of oxygen ingress along time (dots for average, bars for standard deviation). Test with

wine simulant contact at 23 °C (A); Test in dry condition at 8 °C (#), 23 °C (m), 40 °C (®). - - - - - model fit.

upper and lower curves represent the replicates with the higher deviation from the average curve.
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Symbol colour for temperatures: blue 8 °C, yellow 23 °C, red 40 °C and green for 23 °C under wet condition.

Symbol sizes for different closures lengths

EQUATIONS
The Weibull model is an empirical model that considers two parameters T and f3.

r®)=p ( “) (D
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0o 1—exp(—-)
T

where p(t) is the oxygen partial pressure inside the bottle changing with time t, po is the pressure

at equilibrium, and the initial pressure is considered zero.

T is the system time constant associated with the process rate and has been found to depend on
the temperature following an Arrhenius-type behaviour The parameter § and the corresponding
shape of the curve at earlier times was found to relate to different mechanisms controlling the

mass transfer.
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Abstract.

There is an increase interest of the use of cork in architecture, due to the diversity and quality
of products offered by the industry and its sustainable energy value. Cork can contribute to the
NZEB concept from the point of view of the architecture. Its energy performance as a diverse
construction material, can contribute to an energy-efficient and sustainable building.

It is relevant to assess the various possibilities in which this material can contribute to the NZEB
concept. Namely cork as a construction material, as energy performance of buildings, helping
to make them fit into this normative class, contributing to an energy-efficient and sustainable
building, and exploring future opportunities for the evolution of this concept and its contribution

from architecture.

INTRODUCTION

Cork is a natural, recyclable, renewable and non-toxic resource, with strong impact in
Mediterranean culture and ecosystems for centuries. Cork is very versatile and adopts different
technological transformation processes, giving rise to several products, which can be used in
different applications. Cork products for the construction industry are most suitable for
sustainable and efficient energy construction, given its mentioned ecological characteristics. In
addition, these products contribute to general comfort and indoor air quality [1].

Nearly zero-emission building (NZEB) means a building that has a very high energy

performance, while the nearly zero or very low amount of energy required should be covered
17



to a very significant extent by energy from renewable sources, including energy from renewable
sources produced on-site or nearby [2]. The Energy Performance of Buildings Directive
requires that EU countries had to ensure that all new buildings were nearly zero- energy by the
end of 2020 while all new public buildings had to be nearly zero-energy. The Commission’s
proposal to revise the directive (December 2021) makes a step forward from current NZEB to
zero-emission building (ZEB), aligning the energy performance requirement for new buildings

to the longer-term climate neutrality goal and “energy efficiency first principle” [2].

According to the directive’s proposal, a zero-emission building is as a building with a very
high energy performance, with the very low amount of energy still required fully covered by
energy from renewable sources and without on-site carbon emissions from fossil fuels. This
will be applied to all new buildings by 1 January 2027, and to all new buildings occupied or
owned by public authorities. [3].

This European Directive Proposal brought new demands for architects when they design
buildings. Especially the materials selection criteria imply less fossil fuel energy materials and

more natural and ecologic materials such as cork products.

CORK IMPORTANCE IN ARCHITECTURE

Cork is very versatile and adopts different technological transformation processes, giving rise
to several products, which can be used in different applications. New demands for cork give
rise to new technologies that can replace traditional methods of boiling the cork, through a
microwave process that maintains cork qualities but expands the material’s capacity to three
times more than its original size. Meanwhile, cork products for the construction industry are
most suitable and efficient energy construction, given its mentioned ecological characteristics.
In addition, these products contribute to general comfort and indoor air quality (Gil, 2007).
This gives an opportunity in architecture for the use of cork as a primary material as in the
past. In the last decade some examples of the use of cork have emerged, such as: Portugal
Pavilion for Expo 2000 Hannover exhibition, Serpentine Pavilion, London, 2012, Logowines
Winery / PMC Arquitectos. Cork House in Berkshire, England.

The various cork products for civil construction can make a significant contribution to making
them fit into the NZEB normative class, contributing to an energy-efficient and sustainable
building. Cork materials allows to reduce the energy needs in construction [4]. Cork is a carbon
sequestration material with good benefits of thermal comfort when applied to: insulation,
facades, or even flooring. Examples of these applications show the long-term benefits in the use

of cork.
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Phosphorus is an essential nutrient for life, namely the growth of plants, and is, therefore,
widely used in the fertilisation of crops. Conventional fertilisers are usually extracted from
phosphate rock, a finite, non-renewable resource predicted to be exhausted in the next 50 to 100
years [1]. For this reason, better phosphorus management, given a circular economy, is being
sought. At the same time, phosphorus leaching into water bodies through wastewater disposal
or agricultural runoff causes eutrophication, a grave environmental problem that endangers the
health of aquatic life [2]. For this reason, the sequestration of excess phosphorus from water
and wastewater is increasingly regarded as an alternative path for recycling this nutrient.

Biochar is a black carbon material produced by pyrolysis of lignocellulosic biomass in the
absence of oxygen. It presents numerous advantages as a soil amendment, leading to the
sequestration of carbon, which contributes to climate change mitigation [3]. Cork, the bark of
Quercus suber L., is a good candidate for biochar production, given its unique cellular structure
and chemical composition [4].

Biochar can be engineered to improve its contents in certain components and enhance its
adsorption capacity, promoted by the larger surface area than its precursors [5]. In this study,
we have produced magnesium-modified biochars using cork granulates to uptake phosphorus

from water. Cork granulates were transformed into magnesium-modified biochars by chemical
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modification and thermal treatment. The materials were found to have an excellent uptake

capacity for phosphorus compared to similar biochars previously reported.

The carbon materials enriched with magnesium and phosphorus can further be applied as
fertilisers in the soil since both magnesium and phosphorus are essential to plants’ growth [6].
Through this process, the recycling of phosphorus from water and wastewater flows is achieved

while at the same time providing added value to a byproduct of the cork industry.
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Abstract. Hybrid structures based on open-cell aluminium foam [1-2] have been developed to
obtain cellular structures with high structural efficiency and a large capacity to absorb impact
energy, while damping noise and vibration. The present paper focuses on the fabrication and
characterization of new hybrid structures prepared by combining open-cell aluminium foam
and cork granules. Additionally, the impact of reinforcing cork granules with graphene-based
materials was also detailed. A new fabrication methodology was developed and patented [3] in
which these aluminium foam-cork hybrid structures are prepared by filling the cellular pores of
the aluminium foam with cork granules (unreinforced or reinforced with carbon
nanostructures). These resulting hybrid structures are lightweight, multi-functional, recyclable

and non-flammable, ideal for sustainable and environmentally friendly design. Results have
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shown that the new aluminium foam-cork hybrid structures have excellent sound-absorbing

properties combined with efficient strength-to-weight and stiffness-to-weight ratios. It is also
shown that adding reinforcing the cork granulates with graphene-based materials improves

sound-absorbing properties and enhances the fire-resistant characteristic.
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Abstract.

During wine conservation in bottle, the control of oxygen transfer from the outside environment
to the wine inside the bottle is a key parameter that determines the wine quality. Obviously,
many other factors can also influence the evolution of wine during postbottling aging, such as
the composition of the wine itself, the temperature, the relative humidity, the storage position,
as well as the amount of oxygen initially present in the bottle [ 1-3]. However, the oxygen transfer
is the most critical factor. For this reason, the choice of the packaging and in particular of the
stopper is crucial in providing the best conditions for wine aging. For the various types of cork-
based stoppers currently used, an additional outer layer of a surface treatment product is always
applied in the final step of the manufacturing process. The primary function of these surface
treatments is to facilitate the introduction and the extraction of the stopper from the bottleneck,
as they reduce the adhesion between the glass and the cork, acting as a slippery agent. However,
only a few studies have reported the effect of such coating agents on the transfer of oxygen
through the cork-bottleneck system [4].

A comprehensive study was carried out on microagglomerated cork stoppers to investigate the
role played by the interface between the stopper and the bottleneck on the oxygen ingress into
the bottle, as well as the effect of the surface treatment of the stopper. This was performed

starting from the diffusion through the stopper alone and ending with a more complex system
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comprising the stopper covered by a surface treatment agent and compressed in the glass

bottleneck [5-7]. First, the compression of cork, at a value close to 40% (V/V), corresponding
to still wines, had a limited effect on the oxygen transfer, with only a slight decrease of the
oxygen diffusion. Second, once the cork, without any surface treatment, was inserted into the
glass bottleneck, up to 99% of the total oxygen transfer occurred at the stopper / bottleneck
interface. Third, when the cork surface was coated with a paraffin-silicone mixture, there was
almost no oxygen transfer at the interface. Therefore, in addition to its initial role of ensuring
easier uncorking, the surface coating confers an additional and unexpected barrier efficiency to

the wine sealing system
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Abstract.

2,4,6-trichloroanisole (TCA) contamination of wine causes huge economic losses for the wine
industry estimated to amount at several billion dollars yearly. Over fifty years of studies have
determined that this problem is often caused by TCA contamination of the cork stopper which
releases TCA into the wine. The human sensory threshold for TCA is extremely low. A wine
contaminated by 1-2 ng/L. TCA can be perceived as tainted. Contaminations with

<0.5 ng/LL TCA are commonly considered negligible and are not perceivable. Quantitative TCA
screening of individual cork stoppers during production would solve the problem. However, the
vastly used traditional analytical methods have so far struggled to provide a fast and reliable
enough industrial solution, whereas sensory analysis by trained panelists is time consuming and
less quantitative. Here we propose a novel approach [1] based on chemical ionization - time of
flight (CI-TOF) mass spectrometry employing the ‘Vocus’ ion source and ion-molecule reactor
[2]. The technique proved capable of non-destructively quantifying TCA contamination in a

single cork stopper in 2 s with a limit of quantification of 0.1 ng/L, well below the perception
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threshold. A real test on industrial scale, quantifying TCA contamination in more than 1 million

cork stoppers in about one month is shown, representing the largest dataset of TCA analysis on
cork stoppers within the literature and proving the effectiveness of the technique in an industrial
environment. The possibility to simultaneously quantify other off- flavors is also reported.

Finally, the correlation with standard methods for releasable TCA quantification is discussed.
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Portugal is the largest producer of cork from the Quercus suber (Figure a.). Major cork
components include suberin (39-45%) and lignin (20%), while cellulose represents only 10-
12% of its constituents [1, 2]. This work presents the study of liquid crystalline suspensions
obtained from cellulose nanorods isolated from cork and the liquid crystalline phase obtained
from suberin. The CNC suspensions exhibit an isotropic-birefringent phase separation over a
wide range of particle concentrations (see figure b., diameter of the vials 1 cm). Furthermore,
by polarizing optical microscopy (POM) between cross polarizers, characteristic liquid
crystalline textures were identified, as shown (figure c.). In addition, solid films isolated from
the initial and treated samples were investigated by scanning electron microscopy (SEM) and
atomic force microscopy (AFM). The results are consistent with the self-assembly of the micro
rods, isolated from cork, into a mesomorphic

cholesteric structure.

1.4 mg/mL 1 mg/mlL 0.4 mg/mL

Figure 1 a. cork sample, b, vials presenting an isotropic
upper phase and a birefringent high-density phase, c.

polygonal fields texture observed between cross polars.
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Abstract. Cork, a renewable lignocellulosic material, is obtained from the bark of cork oak and
its sustainable harvesting promotes regeneration without interfering in soil enrichment or
carbon sequestration.[ 1] Cork industry generates a considerable amount of cork waste from the
cork stopper manufacturing process, which is typically burned as source of energy.[2].
Recently, there has been an increasing interest in the preparation of waste-derived materials as
alternative adsorbents due to its low cost, sustainability, wide availability of feedstocks and
remarkable adsorptive capacities.[3]

We have explored the potential application of cork powder (CP) in the preparation of advanced
magnetic adsorbents with enhanced adsorptive capabilities for water remediation. CP was used
to produce two types of composite materials following different synthetic methodologies. The
first method involves the impregnation of previously synthesized magnetite nanoparticles
(MNP) into the porous framework of cork powder (MNP _CP), while the second involves the
impregnation of CP with a selected transition metal (Fe) followed by pyrolysis under inert
atmosphere, leading to the formation of a magnetic biochar (Fe BCP). The adsorptive ability
of the magnetic cork-derived materials was evaluated for the removal of fluoroquinolone
antibiotics, using levofloxacin as model molecule. The adsorption studies were carried out by
fluorescence spectroscopy through monitoring of the fluorescent emission of levofloxacin.
Optimization of the experimental parameters, namely initial pH, contact time, adsorbent
loading, was performed and adsorption kinetics was studied. Both magnetic cork-derived

adsorbents exhibited remarkable adsorptive capacities in short periods of time for the removal
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of levofloxacin from aqueous solutions. The proposed materials combine the low cost of the

precursors, sustainable transformation of solid wastes into value-added products, easy magnetic
separation and adsorptive performance highlighting its exceptional potential for application in

water remediation.
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INTRODUCTION

Cork taint in wine, described as “moldy-musty” aroma is commonly related to the
chloroanisole family of compounds. 2,4,6-Trichloroanisole (TCA) is considered the major
contributor to the sensory deviations related to cork due to its particularly low sensory threshold
[1-3].

Methods for TCA analysis used, nowadays, in quality control (ISO 20752:2014 (E) [4] and
OIV-MA-AS315-16 [5]) are very time consuming, destructive, and also incomplete since a
limited number of samples per lot are analysed. To guarantee 100 % TCA taint free corks, Cork
Supply developed in the past an industrial solution for TCA real time and non-destructive
individual inspection, the DS100+ [6].

TCA is present along all the productive process, since forest to final cork, and the earlier it
is detected in the process and segregated, the lower is its incidence on the final product.

In order to monitor this critical parameter, we develop a new system, a Smart Sensor a key
element of Cork Supply Digital Transformation. This new process control unit is a component
of a larger end-to-end (E2E) platform aiming to collect data from a sensor, processes it, and

distributes information enabling, traceability and data-driven decision making to quality
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aspects. Furthermore, making use of machine learning eliminates the need of qualified

personnel to acquire and process data.

The Smart Sensor is capable to monitor TCA at different steps of cork manufacturing
throughout the value chain, not requiring a trained analyst, compatible with industrial
environments, smart, autonomous and reliable.

In this work we aim to present the results we collect from forest to final cork with our new

industrial system and show the performance of this kind of devices towards the analysis of

different cork materials.
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Abstract

Cork is a lightweight natural material with good chemical stability, low liquid permeability, a
fairly high gas barrier and thermal-acoustic insulation properties [1]. It also has remarkable
mechanical behaviour, especially in compression, enabling it to undergo large deformations of
up to 80 % strain [2, 3]. All these properties have led to the use of cork for various material
engineering applications, but its main use obviously remains the manufacturing of cork stoppers
for wine. Due to its specific alveolar structure, cork displays a mechanical behaviour typical of

a cellular material.

Despite the fact that the mechanical behaviour of cork has already been described in many
works related to its properties in compression [4, 5, 6], some fundamental aspects still need to
be clarified. Firstly, the relationship between the structure and the mechanical behaviour in
compression, as evidenced by the stress-strain curve, requires a better understanding. Secondly,
the interpretation of the elastic modulus and, in particular, the contribution of lenticels and
phellem to the stiffness of the material still have to be investigated. To that purpose two methods

were applied: a quasi-static test and a repeated loading test in compression. The elastic modulus
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was also determined using different devices: the crosshead, the extensometer and the digital

image correlation.
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Abstract.

Bottles of wine are seldomly stoppered with cork closures. This work aims at contributing to
the understanding of the impact of bottleneck shape and storage temperature on the stoppers
performance parameters. It was observed that natural and microagglomerated corks show
different time and temperature dependence on the elastic memory, the wine absorption and the
extraction forces. It was also determined that the extraction force of the microagglomerated
corks is significantly affected by the bottleneck shape, with up to 15 daN differences. The on-
going research intends to address the importance of the bottleneck shape on the performance

metrics of the two cork types, natural and micro agglmerated.

INTRODUCTION

Cork stoppers are closure options for glass bottles promoting seal pressure from the inside
of the bottleneck (figure 1). Cork stoppers can be made by cutting and processing the natural

cork, or by manufacturing as micro agglomerated cork stoppers obtained by agglutinating cork
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granules within a range of sizes from 0.25 mm to 8 mm, by an extrusion or molding process

using binding substances and production aids [1].

Diversely combined factors are involved in the closure insertion into the bottleneck and its
further sealing capacity. Bottlenecks are characterized by their manufactured dimensional
tolerances. The dimensional relation of the internal bottleneck shape to the cork determines the
sealing ability with the interfacial path being fixed by the length of the closure.

Cork shows viscoelastic properties [2], [3] under the deformation (strain) promoted inside a
bottleneck. The elastic memory is also affected by the confinement time into a certain volume.
Moreover, the mechanical behaviour is dependent of the water content and of the temperature
[4], [5]. The advancement of liquid through cork in a bottle of wine has been described as a
process consisting of three stages [8].

The use conditions can then impact the performance. The performance of corks can be

assessed by the rebound recovery rate [6], compression and relaxation force [7], [8], extraction
force [8], wine absorption and progression [9] and oxygen transfer [10], [11].
In the current work the goal is to bring insight into the impact of temperature and bottleneck

profile on the corks performance in bottles stored for over one year.

METHODOLOGIES AND RESULTS

Two bottleneck profile typologies, three temperatures (room temperature for shelf storage
simulation, 40°C to account for the travel of wine bottles in long distance hauls, and 8°C for
fridge storage simulation) and two types of cork stopper (natural and micro agglomerated) were
considered for the experimental design. The output variables aiming at measuring the
performance of the cork closures were wine absorption, wine travel and rebound recovery rate.
A novel methodology adopting computer vision (Figure 2) and thermal images methods was
used for evaluating performance, specifically for the wine absorption pattern and the diameter
elastic memory after cork extraction.
In previous research it was highlighted that the time and temperature storage affect the cork
elastic properties (Figure 3). Therefore, it is possible to postulate that the properties of the corks
are determined by time and the temperature the stopper is subjected to in a certain volume. In
a parallel experiment, it was confirmed that the extraction force is affected by the bottleneck
shape by almost 15 daN when the opening of the bottle differs by less than 1.2 mm (Figure 4).
The ongoing research is designed to confirm the relevance of the bottleneck shape in the cork

stoppers performance parameters.
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FIGURES

Figure 1: representation of the seal pressure inside the bottleneck

Figure 2: A) Thermal image captured with FLIR ONE PRO for wine absorption analysis, B) optical image, C)
black and white image for computer vision process, D) final contour of the cork stopper for rebound recovery

rate
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Abstract:

Cork is a biodegradable material that made of organic matters, so they can be damaged by
environmental factors. When exposed to the external environment, wood or cork components
are easily oxidized and decomposed by ultraviolet rays, and discoloration of the surface may
occur. Therefore, this study conducted to observe the discoloration of the cork and find ways to
protect it. Two kinds of Quercus species (Quercus variabilis and Quercus suber) with cork
layers were used for UV exposure test. And, successive extraction of extracts, and suberin was
performed to find the main factors related to discoloration. After UV test, the surfac colours of
the extract-free and suberin-free corks turned gray unlike woods turned to yellowish or reddish.
It was also observed that the discoloration proceeded quite rapidly. This was judged to be due

to the characteristics of cork with different types and ratios of components (suberin) in wood.

Keywords: Cork discoloration, UV exposure test, Suberin, Extractives

INTRODUCTION

Cork is a bark tissue that exists in some tree species, and has recently been used as a road

paving material, cork foam, and cork board. However, such products are biodegradable
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materials that made of organic matters, so they can be damaged by environmental factors. This
phenomenon is known as wood deterioration. Among various factors related to wood
deterioration, non-biological factors include temperature, humidity, and ultraviolet (UV) rays.
When exposed to the external environment, wood components are easily oxidized and
decomposed by ultraviolet rays, and discoloration of the wood surface (yellowing or graying)
may occur [1][2][3]. Likewise, cork is a kind of wood-based materials, so protection of the
surfaces is important for use.

Lignin, which is a component of wood, is known as a main factor of oxidation and is closely
related to discoloration. UV forms a free radical in lignin structures and the free radicals react
with oxygen to produce chromophores such as carbonyl and carboxyl groups [4][5]. However,
unlike common woods, cork is mainly composed of suberin. Suberin has a structure in which
fatty acids and lignin monomer structures are combined. Therefore, it was determined that it is
necessary to observe the discoloration of the cork and find ways to protect it. For the research,
artificial UV test was conducted using two Quercus spec ies with cork layers. And, we want to
find the main factors related to the discoloration incork, so, successive extraction of extracts,

and suberin was performed.

GENERALITIES

Quercus variabilis and Quercus suber were used as test samples. The specimens size was 25 mm X
25 mm X 5 mm.
For removing extracts in cork, solvent extraction was conducted following by
dichloromethane, ethanol, and water for each 8 hours. And then, suberin was extracted using a
3% NaOCH3 solvent (Fig. 1). Samples at each stage were dried at room temperature and stored
for UV test.
Accelerated weathering test was performed according to the ASTM G154 standard of non-

metallic materials. UV irradiation times was set to 8, 16, 24, 48, and 72 hours.
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Fig. 1. Sample preparation for accelerated weathering test.

After UV test, it was observed that the surfac colours of the extract-free corks of Q.variaibilis
and Q.suber turned slightly gray as shown in Fig. 2. A similar trend was also observed in
suberin-free cork specimens (Fig. 3).

In case of common woods, colour changes to yellowing and reddening occurred mainly. But
in cork, graying was clearly observed after the UV test. This was judged to be due to the
characteristics of cork with different types and ratios of components in wood. A detailed

analysis (FT-IR, colorimetric) is currently in progress.
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Fig. 2. Photographs of extract-free Q.variabilis and Q.suber corks after UV exposure test.
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Fig. 3. Photographs of suberin-free Q.variabilis and Q.suber corks after UV exposure test.
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Abstract

Packaging is biggest application for plastics worldwide representing more than 40% of
packaging market in 2022 [1]. For a period of time since the early stages of its development,
PLA applications were limited to few specific applications like medical devices, due to its high
cost. More recently, the introduction of new technologies and scale production have allowed to
extend PLA application to more commodity areas like packaging. Thermoforming is a
technology widely used by packaging industries to produce plastic based rigid packaging
products from extruded sheets.

Cork polymer composites (CPC) are usually prepared through melt based technologies and
currently they are one of the most propitious applications of cork to produce innovative
products. Additionally, the production of CPC with bio-based thermoplastic polymers, such as
polylactic acid (PLA) and poly(caprolactone) (PCL), has been studied as a potential solution
towards sustainable composites development [2-5].

In this work, CPC with PLA as a thermoplastic matrix and 5% cork granules (w/w) were
prepared by twin screw extrusion. After a drying step, these biobased CPC pellets were used
to produce sheets by compression moulding with 1 mm thickness. The sheets were

thermoformed in a vacuum thermoforming machine and the process parameters for this
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process were optimized to achieve the best match of the sample with the mould used as
represented in Figure 1. PLA sheets were also subjected to the same thermoforming process
for comparison. The strain of the thermoformed sheets was analyzed by the deformation of
the printed grids on the surface of each sheet before thermoforming (grids with 1x1 ¢cm?). The
thermoformed pieces were scanned by a 3D scanner (Artec model) and the distance between
the grids were measured. The thickness was measured with a digital micrometer (Mitutoyo)
on 40 points throughout the piece after thermoforming. A consistent relationship between
thickness and strain was found. A thermal and morphological characterization was performed
in all samples by Differential Scanning Calorimetry (DSC), Thermogravimetric Analysis
(TGA), X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM).

With this work, the use of CPC sheets with PLA allowed to produce reliable thermoformed
shapes which reinforces the possibility of enlarge CPC applications for thermoformed

packaging solutions with PLA thermoplastic matrices.

FIGURE 1 — Thermoformed sample from CPC sheet with PLA and 5% cork granules. The

1x1 cm2 grids used to measure the deformation are visible on the surface of the sample.
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Abstract

The objective of this study was to select and discuss indices to explain competition among cork
oaks in unmanaged juvenile cork oak stands. This work was carried out in a plantation of
Quercus suber L. located in the province of Toledo (Spain). The plantation was established in
1983 in 2 X 5 m spacing. In 2020, two plots of 0.6ha were installed and 406 trees were mapped
and diameters at breast height, tree height, crown height and crown diameter were measured. A
subsample of 45 trees were felled and ring width for each breast height section was measured.
We tested widely used distance-independent and distance-dependent competition indices.
These indices have been combined with different competitor selection methods. Pearson’s
correlation coefficient between the competition indices and diameter at breast height of the
target tree and significance of correlations with the t test (p < 0.05) were used to evaluate the
competition indices and the competitor selection methods. The relationship between
competition indices and diameter at breast height was adjusted by regression analysis. Results
provide insights into inter-tree competition and its role on diametric growth in juvenile cork

oak forests.
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Abstract

The aim of this work was to develop models for the prediction of the moisture content of loose
cork granulates using near-infrared spectroscopy. For this, 120 samples of 2.5 g of loose cork
granulates free of anomalies were prepared, with a particle size between 0.5 — 1 mm. Batches
of 40 samples were conditioned in a climatic chamber at 20°C and different relative humidity
conditions (30%, 65% and 90%). Once stabilized, the NIRS spectra were obtained and the dry
weight in the oven was determined, obtaining the moisture content of each sample. The results
obtained (RMSECV= 0.30%, R2 =97.54 and RPD = 6.38) allow classifying the calibration
equation as "good or very good". The results obtained demonstrate the viability of the NIRS
technology for the determination of the moisture content of cork granulates quickly and
accurately. To complete the model it would be necessary to develop calibration equations at
different temperatures. The results obtained complete previous works on the characterization of
cork granulates, and open up the possibility of obtaining important improvements in the quality

control of this raw material.
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Abstract. Cork and rubber are natural materials that have been utilized in a wide range of
applications for numerous years, including wine stoppers, flooring, footwear, and sports
equipment. Both materials possess a polymeric organic nature that provides them with unique
properties, which are highly valued by both industry and consumers. It is interesting to note that
cork and rubber can also be combined as hybrid materials by creating cork particle compounds
within vulcanized rubber, which can be utilized in the manufacturing of shoe soles and gaskets.
This combination of materials can enhance their properties further, making them even more
valuable in various industries. When exposed to sunlight or subjected to friction and/or
mechanical wear, cork and rubber can exhibit signs of aging such as discoloration, scratches,
and even craters. Maintaining the useful bulk characteristics of a material while enhancing its
performance can be challenging when dealing with a sensitive or complex substrate, such as
cork and rubber. However, depositing metallic oxide thin films (e.g. TiO2 and/or ZnO) that
have high transmission in the visible region, high absorption in the UV range, and resistance to
mechanical wear, may provide a suitable solution for addressing the aforementioned problems.
Despite the challenges posed by the sensitive and complex substrate of cork and rubber, we were
able to successfully deposit TiO2 [1], ZnO, and TiO2/ZnO thin films using two different

deposition techniques: magnetron sputtering (MS) and atomic layer deposition (ALD). The
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deposited TiO2 thin films exhibit high transmission in the visible range and block radiation

with A <320 nm, although the ZnO thin films demonstrate superior behavior as they are capable
of blocking radiation with A < 380 nm. Sun exposure tests conducted on all of the deposited
films revealed that the ZnO or TiO2/ZnO films provided the best protection. Furthermore,
mechanical properties such as tensile strength, scratch resistance, and hardness were evaluated

for both coated and uncoated materials.
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Abstract.

Cork, with its versatile and intriguing qualities, is one of the most adaptable natural resources
available to humankind. %2 Traditionally, its primary usage has been for natural cork stopper
production, which, unfortunately, results in significant waste. *°> However, this waste can be
repurposed into agglomerates that serve as both thermal and acoustic insulation, as well as cork
stoppers and many other applications. %* The primary concern regarding agglomeration is the
use of polyurethane (PU) as a binder >¢, which contains isocyanates classified as carcinogenic,
mutagenic, or toxic to reproduction. Furthermore, environmental regulations are on their way
to constrain the use of some isocyanates. 7 As a result, this study is focused on replacing
hazardous petrochemical binders with biobased and safer materials during the cork
agglomeration process. To achieve the desired agglomeration of cork stoppers, a biobased
diacid, sourced from fruits, was used to crosslink epoxidized linseed oil. In order to comply
with industrial standards, it was important that the mixture cured at a maximum temperature of
150°C within 40 minutes. Additionally, the glue content needed to be less than 30w% of the
sample, while maintaining or improving the properties of the final product. Solvent absorption
tests, dynamic mechanical analysis, thermogravimetric analysis, tensile tests, and FT-IR were

conducted on several samples, showing promising results.
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Abstract.

The Portuguese official statistics from the National Forest Inventory demonstrate an increase
of cork oak plantation area during the last 30 years. These young cork oak plantations may have
initial stand densities higher than 800 trees ha’!, values that are significantly high when
compared with the mature stands [1]. The impact of planting such a higher number of trees per
hectare has raised several questions by researchers and forest managers, namely regarding the
intra specific competition. Currently, forest management plans defined for these plantations
suggest that the first thinning should be performed a few years before the first cork extraction
[2,3] in order to reduce the number of trees and as a result the tree competition. The trees to be
removed are selected by visual observation (poor stem forms or signs of weakness) and/or,
particularly in plantations, in a systematic way in order to achieve the required number of trees
per hectare. Since no information regarding their potential as future cork producers is available,
this operation may result in the removal of trees that would be good cork quality producers. The
primary aim of this work is to research the possibility of using physical characteristics accessed
in virgin cork sample, as predictors of secondary cork industrial quality and porosity.

Virgin cork samples were obtained from 3 different stands: A (n=33), B(n=18) and C (n =
15). Nine years after the first debarking, the same trees were resampled for secondary cork.
Stand A is located in the Barrancos municipality, while stands B and C are located at Coruche
municipality. Secondary cork samples were cooked at 100 °C for 1 h, then dried at room
temperature in a well-ventilated place, following the industrial process carried out by the cork

industry. Secondary cork samples were then visually classified regarding industrial cork quality
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classes by an experienced operator. Cork samples were therefore classified from 1% quality, the

better cork, to 7" (‘refugo’ in Portuguese), the cork with lowest quality. Cork colour was
determined in virgin and secondary cork samples, based on CieLab colour space with a Konica
Minolta colorimeter. This variable was accessed in the radial and transversal directions of the
cork samples, and also in the cork sample back (‘costa’ in Portuguese) and belly (‘barriga’ in
Portuguese). Virgin and secondary samples were then polished on a sander with P100
sandpaper. This procedure is crucial to allow cork porosity determination, that was done using

the analySIS software for each cork sample (virgin and secondary cork samples). The data

analysis was carried out in order to consider two different aspects of the data set. The Pearson
correlation coefficient (r) was determined to access the correlation of cork colour and porosity
values, obtained in virgin and secondary cork samples. A t-test comparison was carried out to
the average values of colour and porosity from the virgin cork samples, when the data set was
grouped by industrial cork quality classes determined in secondary cork samples. The t-tests
were also carried out when the data set was grouped considering only three cork quality classes:
Good cork (1%, 2" and 3 cork quality classes), average cork (4™ and 5 cork quality classes)
and poor cork (6™ and 7" cork quality classes).

Results showed that colour parameters, in particular L*, measured in virgin cork distinguish the
best quality cork in all sample directions when considering grouped 1%, 2" and 3™ cork quality
classes from the remaining cork classes. The colour parameter a* measured in virgin cork
differentiates good cork quality from average cork and poor cork in the radial and transversal
directions, while parameter b* distinguishes good cork quality from poor cork quality. The
correlation analysis between the porosity values obtained for virgin cork and secondary cork
presented a R?=0.19, which indicates a low but statistically significant correlation between the

two variables.

REFERENCES

[1] ICNF, IFN6 — “Areas dos usos do solo e das espécies florestais de Portugal continental.
Resultados preliminares”, Instituto da Conservagdo da Natureza e das Florestas, pp. 33,
Lisboa, 2013 (available only in Portuguese).

[2] G. Montero and 1. Caifiellas, “Manual de reforestacion y cultivo de alcornoque (Quercus
suber L.)”, Ministerio de Agricultura, Pesca y Alimentacion, Instituto Nacional de
Investigacion y Tecnologia Agraria y Alimentaria, Madrid, 1999.

[3] F. Pulido, P. Campos, G. Montero, “La gestion forestal de las dehesas”, Instituto del corcho,

la madera y del carbon, Junta de Extremadura, Mérida, 2003.

56



GSA 23

CSA2023 — Cork in Science and Applications
7-8 September 2023, Espinho, Portugal

STUDY OF THE AROMATIC PROFILE OF QUERCUS SUBER L.
Jové, P*, De Nadal, R? and Verdum Virgos, M>.

" 'Fundaci6 Institut Catala del Suro
Catalan Cork Institute Foundation
Miquel Vincke i Meyer, 13, 17200 Palafrugell, Spain
e-mail: mverdum@jicsuro.com
*J.VIGAS
R&D Department
Josep Anselm Clavé, 49, 17200 Palafrugell

e-mail: raquel@jvigas.com

Keywords: Quercus suber L, cork, aroma, volatile compounds

Abstract. Cork a natural material that is associated with sustainability due to its way of
extraction it does not damage the tree. This material has other beneficial properties such
as capacity to prevent soil desertification or protect the biodiversity around it. Also, cork
contains aromatic compounds with beneficial properties that can be used to

benefit other sectors such as food, pharmaceutical or cosmetic. An innovative and

solvent free methodology was developed to study the aromatic profile of Quercus
suber L. The volatile compounds from cork were extracted, preconcentrated and
detected by thermal desorption coupled to gas chromatography (TD-GCMSMS). The
optimal conditions were achieved when cork was brought to 220°C during 10 minutes.
68 different compounds were detected in samples from Catalonia (51), Sardinia (43) and
Extremadura (37) and were grouped according to their chemical structures in 8 families
of compounds. The application of a thermal treatment in Sardinia samples has increased
the number and quantity of volatile compounds that have been extracted. All the
samples showed: aromatic compounds (66.8%) and aliphatic alcohols (22.2%) were the
most abundant families. Vanillin (39.3%), docosanol (16.9%) and coniferyl aldehyde
(7.7%) were the most abundant compounds. In conclusion, the developed methodology
allows the extraction of a wide range of

volatile compounds. Quercus suber L. contains valuable volatile compounds to be
proposed as flavoring agents in other industries such as cosmetic or food.
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INTRODUCTION

Quercus suber L. or cork oak has ecological and social value. Cork oak constitutes a unique
ecosystem with an important biodiversity associated. Also, it is responsible for thousands of
businesses since it is the source of the cork stopper sector. Due to its physical properties such
as high flexibility, elasticity, compressibility or impermeability to liquid, cork stoppers are a
perfect closure for sealing still and sparkling wines (1). This combination of cork properties
depend on some factors such as its chemical composition or cellular structure (2).

Cork of Quercus suber L. is composed of suberin, lignin, polysaccharides, extractives and
other minor components (2,3). Extractives comprise a heterogeneous group of molecules
mainly aliphatic, triterpenic and phenolic compounds (4, 5) that can be extracted from cork
stoppers by hydroalcoholic solution. Nowadays, there is evidence that some of these extractives
or volatile organic compounds (VOCs) of cork can positively contribute to the aroma, color or
astringency of wine (6-8). Also, some of them are associated with health benefits related to
antioxidative activities (10-12) among others.

Aroma is one of the most important attributes in vegetal samples and a large number of
VOCs have been reported in cork samples including alcohols, fatty acid ethyl esters, acetic acid
esters, among others (9, 13-19). Some of them are associated with the presence of specific
microflora on the tree and/or cork slabs (14, 20-21) and others are the result of reactions related
to the reestructuracion of some macromolecular compounds such as lignin (5, 14, 22) and
possibly also suberin (6, 17). It seems that volatile compounds are different according to the
cork’s origin for example in the case of cork bark compared to cork stoppers
(1). Likewise, the level of porosity in natural cork stoppers can be at influence (9). Cork
granules also shower higher amounts of VOCs than cork stoppers (11). The determination of
the type and amount of volatile compounds present in samples of cork from different
geographical origin has not yet been studied.

A wide range of analytical methods have been developed for the determination of VOCs in
vegetal samples and most of them employ the gas chromatography (GC) for separation of
compounds and mass spectrometry (MS) for their detection. In addition, a previous stage of
sample preparation that can include extraction and/or VOCs preconcentration process before
chromatographic analysis is also necessary due to its low concentration in samples.

Sample preparation techniques are usually carried out using different solvents depending on

58



Jové, P, De Nadal, R and Verdum Virgos, M
the chemical properties of selected compounds to facilitate their extraction from the solid

matrix. Nowadays, techniques such as head space extraction coupled with solid phase micro
extraction (HS-SPME) or direct sample introduction (DSI) are a sustainable alternative because
they are a solvent free, rapid and simple analytical method that precludes sample preparation.
Both methodologies have been widely used for screening and qualitative analysis of a wide
range of VOCs extracted from liquid and solid samples.

HS-SPME methodology has already been used for the analysis of volatile compounds in cork
material (6, 7,9, 23). On the other hand, DSI is widely used in the extraction of pesticides (24-
26), atmospheric aerosols (27), polycyclic aromatic hydrocarbons (28), organic chemicals in

fish oils (29) and haloanisole compounds in cork stoppers (30). It is suitable for

complex matrices with a large number of volatile compounds because of its differences in
polarity, volatility or molecular weight. Due to these characteristics, DSI is useful for VOCs
only changing the extraction and desorption factors such as temperature, time or flow. The use
of this methodology for VOCs extraction of cork samples has not yet been applied.

An innovative and solvent free methodology to study the VOCs from Quercus suber L. was
developed. TD GCMS was used to extract and analyze VOCs in cork samples. Extraction (time
and temperature) and preconcentration (trap settings) conditions were evaluated in order to
extract the greatest number of volatile compounds with higher concentration. Cork from
Extremadura, Cataluna and Sardinia were analyzed. Sardinia samples were submitted at a
thermal treatment to check the effect of temperature in the type of extracted VOCs. This
knowledge is useful for sectors such as food, cosmetic or pharmaceutical those are searching

valuable compounds to improve their products.
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Abstract. Cork is widely used for the production of cork stoppers especially for wines
with a long-term storage. A considerable effort has been made to improve the quality
control during the manufacture of cork stoppers. Visual checks on cork barks are done
to remove cork with yellow spots because its presence is related to the appearance of off
flavours and could affect its mechanical properties. Cork with yellow spot is not

used for cork stoppers production. The effect of the presence of yellow spots in
samples of cork from Quercus suber was studied in relation to volatile compounds and
the influence on the cellular structure. The volatile compounds of cork were analyzed

using thermal desorption combined with gas chromatography (TD-GCMSMS). This
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methodology had identified 58 compounds in cork samples. All of the samples showed:
aromatic compounds (43.1%) followed by carboxylic acids (10.3%), aliphatic alcohols
(6.9%), alkanes (6.9%), ester (6.9%) and terpenoids (6.9%). Vanillin was the most
abundant compound (62.8%) followed by isoeugenol (7.1%). Chlorated compounds
such as 1,2,4,5-tetrachloro-3,6-dimethoxybenzene, 2,4,5-Trichloroanisole and 2,4,5-
trichlorophenol had been identified in cork with yellow spot. Cellular structure of cork
seems to be influenced by the presence of yellow spots, it shows: decrease the
corrugations in the cell wall and the overall cell organization seems to be disrupted.
These results allows to understanding some changes produced in cork by the presence

of yellow spot.

Introduction

The cork oak (Quercus suber L.) is the dominant species of some agroforestry systems in
Iberian Peninsula (Portugal and Spain, mainly) and are economically sustained by the
production of cork. Cork is mainly used to obtain cork stoppers or closures for still and sparkling
wine due to its beneficial properties: compressibility, elasticity, impermeability to air and liquid
and the capacity to adhere to a glass surface. Because of these set of properties, cork has become
relevant in several industries. These properties are the result of the combination of its chemical
composition and cellular structure (1,2).

Cork undergoes through different quality controls to ensure the smooth functioning of cork
stoppers. After extracting the cork and before starting the phases of cork stoppers
manufacturing, a visual check of cork slabs is done occasionally, cork may include features of
biological or external origin that impact in the quality to a degree that depends on their type and
extent (3). Fractures, inclusions or stains such as yellow spot (YS) or “Mancha Amarela” are
some of them. In the industrial manufacturing only the best quality slabs of cork are used and
every natural cork stopper produced is visually checked and graded into several visual classes.
ISO 17727:2012 describes the quality control sampling plans for the receipt and shipping of
ready-to-use cylindrical stoppers in semi-worked or finished cork used for still wines. All the
cork materials that are not suitable for cork stoppers production (or raw cork material) are used
to produce cork agglomerates as boards or sheets for the production of flooring or rubber

composites (3).
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The presence of yellow spot (YS) is a defect caused by the presence of Armillaria mellea or

a basidiomycete that grows in ligninolytic materials (3-5). In cork, this fungal attack causes the
presence of regions that acquires a white-yellowish discoloration with a characteristic odour.
Also, chemical and physical changes in cork with yellow spots are also reported (6,7). These
changes could affect mechanical and structural properties of cork and, consequently, it may be
closely related to the production of off flavours (4, 7-9). The effect of the presence of YS in
chemical composition of cork is already described attributing lignin and polysaccharides
content decreases (6). Also, corks with YS contain a smaller amount of lignin and pectic
polysaccharides that is responsible for changes in the cork cell wall (5). These changes in the
chemical composition are responsible for the differences in cellular structure between cork with
and without YS: the cellular structure of cork with YS is composed by deformed and wrinkly
cells with cell wall separation due to the degradation of the middle lamella pectic
polysaccharides (5). This fact contributes to the availability of a nutrient source in the attacked
cork that can be used by other microorganisms (5).

The study of the volatile compounds present in attacked cork allows researchers to further
the identification of chemical modifications that occurs in cork polymers. The degradation of
lignin seems to be related to the presence of a largest concentration of phenols, vanillin,
benzaldehide, benzyl alcohol and chlorinated compounds (4). Also, cork with Y'S contains other
volatile components resulting from microbial metabolism with possible consequences in the
cork aroma composition (10).

Several compounds have been reported in cork samples such as alcohols, aldehydes,

aliphatic hydrocarbons, ketones, esters, ethers, furans, among others (11-15). Some of them

are associated with the presence of specific microflora on the tree and/or cork slabs (4, 16-18)
and others are the result of reactions related to the reestructuracion of some macromolecular
compounds such as lignin (4,7,8) and possibly also suberin (19, 20). It seems that the identified
compounds are different according to the cork sources for example in the case of cork bark
compared to cork stoppers (12). The study of the volatile compounds of cork with and without
Y'S will bring other viewpoint to understand the changes brought about by the presence of this
fungus in cork.

The slabs with YS are not used for cork stopper production due to the decrease of cork
quality. Thus, the study of the changes associated with the presence of YS in cork is important
for a better understanding of its features. The aim of this study is to obtain more information

about the changes in structural and volatile compounds associated with the presence of Y'S onto
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cork.
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Abstract.

The importance of oxygen role during aging process of wine has been long known. Many
articles evaluating oxygen inlet for different wine stoppers have been published. However, none
of these have studied the impact of the natural cork stoppers production process impact over
oxygen inlet. At the moment, a standardized methodology widely accepted for measuring the
oxygen transfer rate (OTR) and/or oxygen permeability of the stopper does not exist.

Thus, this article aims to test how some production process of natural cork stoppers impact on
the stoppers permeability using chemiluminescence methodology and how also this affects wine
ageing.

In this study it has been seen that some of its processes such as the application of a surface
treatment modify the permeability of the stopper. Surface plays an important role in the corks
stoppers production and allows an easier insertion and extraction of the stopper into the bottle,
avoiding leaks and homogenizing the stoppers.

It was shown that the cork stoppers sample with surface treatment B had three times higher
oxygen transfer rate than the cork stoppers sample with surface treatment A after one year of
evolution. The two groups of stoppers had the same in terms of dimensions, density, visual
class, batch and manufacture, the only difference between them was the surface treatment used.
A red wine was corked with these two types of cork stoppers and its evolution was monitored
up to 30 months of ageing. Differences were observed in the evolution of the wines both in
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certain oenological parameters such as the free SO», the colour and the evolution of the
polyphenols as well as at the sensory level. The wine corked with the stoppers of treatment B
presented a faster evolution and a higher valuation in the sensory tastes of months 9th and 12th,
while from the 18th month it presented an over evolution and the score was below that of the

wine with the corks of treatment A.

The data collected in this study shows that the differences observed with the chemiluminescence
methodology of cork permeability test at a laboratory level are transferred to wine at the cellar.
Therefore, it paves the way to standardize chemiluminescence as a methodology for
permeability testing of cork stoppers. This opens a new field for the regulation of the

permeability of natural cork stoppers by type of surface treatment applied.

69



CSA 23

CSA2023 - Cork in Science and Applications
7-8 September 2023, Espinho, Portugal

NOVEL SUSTAINABLE ALTERNATIVES FOR THE STUDY OF
CHEMICAL COMPOSITION OF CORK

Verdum Virgos, M*. Jové Martin, P*

* Fundacio Institut Catala del Suro
Catalan Cork Institute Foundation
Miquel Vincke i Meyer, 13, 17200 Palafrugell, Spain

e-mail: mverdum@icsuro.com

Keywords: Chemical composition, cork extractive, cork, soxhlet, ASE, MAE

Abstract. Cork is a natural and renewable material extracted from the cork oak, Quercus suber
L. Its physical and mechanical properties are a result of the cellular structure and

chemical composition of the plant wall. Chemically the composition of cork is principally
dominated by the presence of suberin as the main structural cell wall component and by its close
association with the other components. The usual chemical analysis of cork has been adapted
from wood and other lignocellulosics analytical methods. This traditional method is based on a
very long methodology that makes it difficult to implement it as a routine quality

test in a cork manufacture. Microwave assisted extraction (MAE) and accelerated solvent
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extraction (ASE) have been explored, such as alternatives system for the traditional method.

The percentages of extractives obtained by MAE are lower than the percentages obtained by
means of the classical composition. However, the percentages of suberin are very similar in
both methods: 46.39% in the case of the classical composition and 45.11% in the case of
microwave-assisted extraction. No significant differences have been found between the
content of extractives in dichloromethane, ethanol and water obtained by ASE with the results
obtained with the classical methodology. MAE and ASE are faster methods, use less solvent
and provide more reproducible results than the classical chemical composition methodology.
These data pave the way for novel sustainable alternatives for the studies of chemically the

composition of cork.

INTRODUCTION

Cork comes from the outer bark of the cork oak, Quercus suber L. Cork is a natural and
renewable material extracted mainly in the Western Mediterranean area [1]. The physical and
mechanical properties of cork are a result of the cellular structure and chemical composition of

the plant wall (suberin, lignin, and polysaccharides).

Chemically the composition of cork is dominated by the presence of suberin as the main
structural cell wall component and by its close association with the other components. This
results is a difficult methodological approach to comprehensively analyse of cork in terms of

its chemical components. The composition of cork began to be studied by Brugnatelli in 1787

[2]. From then until today the composition of cork and its macromolar structure are still being
studied and there are still no clear models. The methodology used in determining the chemical
composition as well as other aspects such as the origin, the physiological state or the number of
specimens can condition the results. The structural components of the cell wall by order of
relative importance are: suberin (50% approx.), lignin (20-25%), and the polysaccharides (about
20%), cellulose, and hemicelluloses; the extractive (14-18%), which include lipid and phenolic
substances and inorganic components (1-2%) [2; 3] (figure 1).

The usual chemical analysis of cork has been adapted from wood and other lignocellulosics
analytical methods. The conventional approach to the chemical characterisation of cork is to
report its summative chemical composition. The analysis of the chemical composition of
traditional cork is based on a sequential determination [4] of the ash content (TAPPI 211),

extractives (TAPPI 204/207/ [5]), suberin [6] Klason lignin and acid soluble lignin [7] and
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holocellulose (TAPPI 222/250).

Thus, the traditional method is based on a three-step serial extraction using the soxhlet. It
begins with a soxhlet with an organic solvent with apolar characteristics (dichloromethane) for
the directed extraction of compounds of a ceroid nature for 6 hours. It follows with a second
soxhlet extraction with alcohol that lasts 8 hours and, finally, a soxhlet extraction with water
form 16 to 24 hours or, an extraction with a methanol and water solution can also be given.
With these extractions, polyphenols are mostly extracted. With the sample free of extractives,
the suberin content is determined, based on alkaline methanolysis (3 hours), followed by
acidification and rotaevaporation (1 hour), resuspension with two solvents, and decantation to
obtain suberin in the organic phase (1 hour).With the suberin-free fraction, the determination
of the holocellulose content by acidification or the determination of the lignin content by acid
hydrolysis is performed [4].

The total time for the extractive determination and the analysis of suberin content sums up
to 44 hours at least. Therefore, it is based on a very long methodology with the use of different
solvents and techniques that makes it difficult to implement it as a routine quality test in a cork
manufacture.

The aims of the present study are the following: (i) identify faster and more sustainable
methodologies for cork chemical composition testing, (i) carry out extraction tests using
alternative techniques, (iii) optimize an alternative methodology and ( iv) validate the proposed

methodology or sustainable methodologies.

GENERALITIES

New technologies have emerged that can be a potential tool to reduce the amount of solvent,
treatment time and increase reproducibility, as well as energy consumption, thus improving the
recovery of valuable compounds with lower costs for chemical analysis [8] . Methodologies
based on newer technologies have been explored, such as microwave assisted extraction (MAE)

or accelerated solvent extraction (ASE) system.

On one hand, MAE is a promising green extraction method based on electromagnetic radiation
with a frequency of 0.3 to 300 GHz. The rapid energy supply is transformed by quickly heating
the solvent and suspension. This treatment is homogeneous and efficient for extraction. MAE
is based on the direct effect on molecules by ionic conduction dipole rotation. When MAE is

applied, the absorption of energy in the plant matrix and especially by polar molecules such as
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water (moisture content) leads to cell rupture that facilitates the recovery of molecules of

interest. Furthermore, the increase in the extraction yield under microwave irradiation may be
due to a synergistic combination of two transfer phenomena: mass and heat working in the same
direction.

On the other hand, ASE is a sample preparation technique using solvents at elevated
temperatures and pressures. Elevated temperature increases the efficiency of removal of
analytes from the matrix. The increase in pressure keeps the solvent in a liquid state, even when
the temperature is above the boiling point. It improves the diffusion of the analyte in it, making
the extraction faster and more efficient. The ASE can be used to automate the process, mitigate
variability, and ensure reproducible results.

Both technologies have been studied as alternatives to the Soxhlet methodology used for the
determination of extractives in dichloromethane, ethanol and water, which are the first steps in

the analysis of the chemical composition of cork (figure 2).
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Figure 1. Cork chemical composition analysis diagram, sequential determination. Source ICSURO
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Figure 2. Comparisons of classical extraction methodologies (soxhlet) with new alternatives: microwave

assisted extraction (MAE) or accelerated solvent extraction (ASE) system (from left to right). Source ICSURO
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Abstract. One of the major problems that affects the world of cork and consequently the wine
industry is the well-known cork taint. 2,4,6-trichloroanisole (TCA) is considered the main
contributor of this off-flavour, being the human perception threshold for this compound
extremely low, in the order of a few ng L![1,2].

The project “TCA in foresta”, funded by Regione Autonoma della Sardegna and developed by
our research group of Agris Sardegna, aims to evaluate the concentration of TCA in raw planks,
taking into account two models of cork forest management, one with undergrowth and one in
which the undergrowth has been periodically removed for at least ten years. Four oak forests
were selected in different locations, between the 350 and the 650 m of altitude above the sea
level and, for each of them, the two models of management were considered. Moreover, in each
area, the floristic composition, the tree-shrub situation and the phytosanitary status were
evaluated in order to detect any correlations with the presence and the concentration of TCA.
For each area, where all plants are almost the same age, 10 of these for bushy management and
another ten for the hedge one were randomly chosen and extracted between July 2021 and July

2022. Each plank portion selected for the analysis, taken at mid-height, was in addition subjected
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to a previous visual-qualitative test in order to find, in this case as well, possible correlations

between the TCA concentration and the cork defects. In the 80 samples so far analysed, as
regards the two different forms of management, significant differences were found.
Nevertheless, this needs further confirmation as it is known that the strong localization of TCA
in cork is a critical aspect [2] that will be investigated in more detail with a mapping of the
entire planks. Concerning the correlations between the TCA concentration and the forest
situation and the presence of defects (green cork, yellow stain, radical rot, etc.), at present no
evident correlation has been found. Only in two cases, an abnormal concentration of TCA in
association with the presence of radical rot, probably caused by Armillaria mellea, has been

observed.
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Abstract.

Cork is an underrated material within architecture. It is a bio-based material with unique characteristics and
advantages, such as thermal and acoustic insulation, fire resistance, and durability. Thus, this sustainable and
renewable material is suitable for, among others, external cladding, internal lining, and insulation. Cork is also an
environmentally friendly solution within building construction due to its low embodied energy consumption and
low carbon footprint. Its light weight also makes it easier to transport and install than other materials used in
architecture. Furthermore, cork can be easily customized with different colours and textures to create aesthetically
pleasing facades and interiors.

The CORKinARCH project, funded by FCT, aims to raise public awareness on the use of this material and it
production system, montado, in Portugal. The project is based on three main pillars of research: historical, social,
and technological. The social part of the project, intends to assess, using a field questionnaire, the knowledge and
perceptions of the general public and professionals about the material cork, the tree that it is the cork oak, and the
importance of managing the ecosystem in which it grows.

Although the process of collecting information on public perception is under development, its first results
indicate that: 1. Respondents have some ideas about the tree and the cork, together with the montados importance
in Portugal; 2. Most of those interviewed are aware of the various uses of cork and agree that the use of this material
in civil engineering can help to the buildings sustainability. However, there is a lack of knowledge about the types
of building materials that can use cork.

The collection of information should be extended geographically, including other cities in Portugal.
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Furthermore, more detailed studies on the economics of cork-based building materials are recommended.

INTRODUCTION

The current trend towards constructing sustainable buildings and increasing awareness of the environment has
led to a renewed interest in applying bio-architecture as an alternative construction method [1]. Furthermore, the
EU has set the goal of having almost zero energy consumption in all new buildings by 2020 (Directive
2018/844/EU). Therefore, reducing buildings' energy intensity and environmental impact has become a top priority
for EU development strategies and social objectives. Bio-based materials are promising for buildings in the 21st

century due to their sustainability and versatility [1].

Cork is known worldwide as a bottle stopper, though it can have several other appliances, such as improving

the thermal performance of buildings. This material meets the construction sector's requirements, combining

lightness, elasticity and resilience, permeability, insulation, flame retardant qualities, and hypoallergenic properties
[2,3].

In the last decades, cork has been used by Portuguese architects and designers for external cladding, such as in
the pioneering work of Siza Vieira for the Expo2000 in Hannover. The Portuguese Pavilion was partially covered
by pure agglomerated expanded cork and high-density cork sheets. The resilience and versatility of these non-
timber forest products (NTFP) make them attractive for use in modern buildings, which can play an important role
in reducing the environmental impact of the construction industry.

Cork is a cellular material with a very interesting set of physical, chemical, and biological properties and is one
of the main NTFPs in the world. Many studies have been conducted on cork oak and cork, namely their growth, it
structure, chemical composition, and properties [4,5,6,7]. However, despite research efforts and the current use of
cork on building facades, there are no studies on the aging and response of these materials to weather and other

biological phenomena.

GENERALITIES OF THE STUDY

The CORKinARCH project develops based on three objectives: 1. Studying the use of cork in the architecture
of Alvaro Siza: concept and views on materials (focused on the study of archives donated by Alvaro Siza); 2.
Examining cork products under various weather conditions and their aging characteristics to understand how
environmental factors affect the performance of cork products; and 3. Analysis of public perception and spatial
integration of cork in building construction.

The project's outreach work focuses on discovering, geolocating, and characterizing buildings with cork
fagades in Portugal. Information is collected using a web page designed to host the inventory obtained by the
citizen science method. The same website disseminates information about cork, cork oak, the cork oak ecosystem
and its associated biodiversity. In addition, a survey is being conducted to assess the knowledge and perceptions
of the general public and specialists, particularly about cork, cork oak, and the importance of managing the

ecosystem of cork oak forests.
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Finally, it is designed to raise awareness among professionals about the environmental benefits of cork. To this

end, it is planned to develop special training events within professional organizations. In addition, the transfer of
knowledge acquired during the project will be presented as a guide on using cork in construction, aimed at
architects and civil engineers, and the general public.

In general, the project is intended to carry out environmental activities to raise awareness and educate about
cork in architecture. Since cork has a wide range of uses and cork oak is the Portuguese national tree, knowing and

appreciating this specie is an important step towards its conservation.

METHODOLOGY AND PRELIMINARY RESULTS

At the Cork in Science and Application Congress (CSA) 2023, we intend to present the survey results that will
be applied to residents of several Portuguese cities (Coimbra, Aveiro, Cascais, and Setubal) with public buildings
with cork exterior fagades.

Until now, the survey was carried out between the 18th and 19th of March in Coimbra, at the Siza Vieira's
Portuguese Pavilion. The location for collecting opinions from the general public was deliberately chosen to take
advantage of the building model with exterior cork facades as an example.

During two days in this workplace, 71 people were interviewed, 56% males and 42% females. 2% of the
respondents did not answer this question. As for the age groups of respondents, they were distributed evenly
without statistically significant differences among the six groups defined, from 18 years old to over 65 years old.
More than 80% of respondents were permanent residents of Coimbra, and only a small part were tourists or people
with a temporary stay in this city.

The questions were divided into two main parts. The first part aimed to gather the respondents' opinions about
the different materials used for cladding exterior fagades and their level of satisfaction with the thermal and
acoustic comfort of Portuguese buildings. The second part of the survey aimed to investigate the public perception

of cork use in Portugal, including in civil construction.

Evaluation of building coatings in Portugal

The most mentioned building coatings materials during the survey were cement, stone, wood and Styrofoam

(figure 1). Cork as a material for this kind of coating was mentioned by only 5% of the respondents.

Marble
Brick Cork

wiCement

Styrofoam ¢i=

Schist
Masonry )

Figure 1. A cloud of words that were collected during a survey about the most common material for facades in Portugal.
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Among the various characteristics that an exterior facade of any building should have, the first three most
mentioned were thermal and acoustic insulation (66% and 49% of responders), as well as impermeability (48%).
As for the thermal and acoustic comfort ratings of Portuguese buildings, most of the respondents were

evaluated as having bad or very bad thermal and acoustic comfort (figure 2).

Acoustic
fort Bad or very
Reasonable
comfort good
0% 20% 40% 60% 80% 100%

Figure 2. Results of respondents’ assessment of thermal and acoustic comfort of buildings in Portugal.

Most of the respondents had experience building a house or at least renovating it. In the question
regarding the preference of the materials country of production for exterior decoration of buildings, 96% of the
respondents preferred to buy Portuguese materials. However, the decision on this purchase depended mostly on

the price and quality of the product.

Public perception of cork and its usefulness

The results show that 83% of the respondents know what is the material cork and the tree from which it
is extracted. In turn, 66% of respondents indicated the region with the highest abundance of montados in
Portugal - Alentejo. In terms of the respondents’ knowledge of the benefits of cork oak ecosystems, 66% believe
that cork oaks contribute to biodiversity, 45% to a decreased risk of fires, 40% know it can conserve the soil and

37% that this specie is helping in the carbon sequestration.
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As for questions directly related to cork as a raw material, 90% of respondents consider it sustainable,
with important environmental and economic characteristics. Respondents demonstrated their knowledge of using
cork for various purposes, such as the production of stoppers, footwear and clothing production, handicrafts,
among others. However, 89% believe that the use of this material could be increased in the case of civil
construction. This observation is also confirmed by the fact that, , according to respondents, the Siza Vieira's

Portuguese Pavilion gains aesthetic and comfort characteristics because it uses cork on its facades.

DISCUTION AND CONCLUSIONS

Cork is a material with a wide range of applications and is now becoming increasingly popular due to its
sustainable characteristics. It is derived from the bark of a cork oak tree, and understanding the cork oak ecosystem,
montado, is essential if we want to use this resource sustainably.

Cork is becoming an increasingly popular material for civil construction due to its many advantages. Not only it
is a sustainable material, but it also has excellent insulation, and acoustic and fire-resistant properties. This makes
cork a suitable material for using in facades and other parts of the buildings.

Although most of the respondents in this study are aware of the benefits of this type of raw material and
its origin, its use in Portugal is in its early stages of development, in what concerns civil engineering. It seems
society is ready to introduce this material as an important element in the construction of buildings, but the barriers
to this process remain unknown.

This study will be expanded geographically by conducting a similar survey in other populated cities in
Portugal where it already exists a building with cork fagades.

The collected information will serve as a basis for future research. For example, the economic direction
seems to be interesting, namely the analysis of the availability of building materials based on cork, their price, the
demand for this product, etc. Equally important is the research and innovation of cork-based building materials

regarding their quality and versatility.
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Abstract. The contamination of soils and groundwater with lindane, a hazardous pesticide, has
become a widespread problem for public health. Cork is a natural, renewable, and sustainable
material, mainly used for wine stoppers production. Moreover, cork by-products can be used as
sorbents for remediation purposes. This study examines the ability of two types of cork granules
to sorb the pesticide lindane from liquid solutions, with the goal to used in permeable reactive

barriers towards soil decontamination.

INTRODUCTION

Contamination of soils and groundwater by hazardous chemicals such as pesticides is a
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widespread problem and a threat to public health. Lindane, an organochlorine pesticide, was

widely used in the last decades because of its insecticide efficiency and is now a major source
of unwanted by-products, present at many contaminated sites around the world. Thus,
remediation techniques are needed to reduce the harmful effects caused by lindane
contamination.

Cork, the outside bark of the cork oak tree (Quercus suber L.), 100% natural and sustainable
material, is mainly used for wine stoppers production. A large amount of cork by-products is
generated during cork stoppers production, which are used to produce cork/rubber composites,
and agglomerates for wall and floor coverings. Recent studies demonstrate the potential of cork
granules as a sustainable sorbent for oil spills clean up [1]. In this context, this work aims to
study the sorption capacity of cork granules, with and without thermal treatment, for the uptake

of the pesticide lindane from liquid solutions.

MATERIALS AND METHODS

Sorption studies were performed in batch to evaluate the capacity of cork to sorb the
contaminant lindane. A lindane solution with a concentration of 3 mg L' was prepared by
dissolving a known weight of lindane in double de-ionized (Milli-Q) water.

Two types of cork byproducts, provided by Corticeira Amorim (Portugal), were used: raw
cork (RAC) (1.0 - 2.0 mm) and regranulated cork (RGC) (1.0 - 2.0mm). The production of the
RGC includes a pretreatment of the raw cork granules at high temperature (380°C), with water
steam. RAC was washed twice in 2 h cycles with Milli-Q water at 60 °C. Before its use, both
types of cork granules were dried in an oven at 60 °C overnight.

Experiments were conducted in 200 mL flasks containing 100 mL of lindane solution (3 mg
L") and cork granules (250, 500, 1000, and 2000 mg) at room temperature (25 °C), with
constant agitation using a magnetic stirrer at 400 rpm. Samples were collected during the
experiment and analysed for lindane concentration as described below, allowing the calculation
of sorption capacity, the time needed to reach equilibrium, and also the equilibrium adsorption
capacities, determined by mass balance to the batch reactor, according to Eq. 1.

v (1)
q=3 (G = C)

Where ¢ is the amount of lindane sorbed onto cork at time # per mass of cork (mg g'cork), V'

is the volume of solution (L), ¥ is the mass of cork (g), Co and C; is the concentration of lindane

in the solution (mg L") at # = 0 and ¢ = ¢, respectively.
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A liquid-liquid extraction was performed to extract the lindane from liquid samples. A 2 mL

sample was mixed with 2 mL ethyl acetate, agitated for 5 minutes, then centrifuged for 10
minutes at 4000 rpm. The supernatant phase was analysed using a Gas Chromatography with

an Electron Capture Detector (GC ECD).

RESULTS AND DISCUSSION

The lindane sorption isotherms were obtained for both types of cork granules (RAC and
RGC) at room temperature (25 °C) (Fig. 1). Three isotherms models were fitted to the
experimental data: the linear, the Freundlich and the Langmuir models, expressed by Eq. (2),
(3) and (4), respectively.

_ 1 _ quL Ceq
deq = Kp Ceq 2 Qeq = K Ceqn @) Qea = 74 K1.Ceq )

Where geq is the amount of lindade at equilibrium in the solid phase (mg g!); K, is the
partition/affinity coefficient (L g™'), Kr (mg{"V» L'" g'!) and K, (L mg™!) are the Freundlich
and the Langmuir coeficients, respectively, C., is the concentration of lindane at equilibrium in
the liquid phase (mg g!), and 7 is the dimensionless parameter related to sorbate-sorbent
affinity. Figure 1 presents the fitting of the three isotherms models to the equilibrium data for

both cork granules.
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Figure 1 — Equilibrium sorption for lindane for (a) Linear, (b) Freundlich and (c) Langmuir isotherms. RAC (m)
and RGC (e).

The three models were able to fit the experimental equilibrium data without any statistical
difference. Since 7 is close to 1, it can be assumed that the main mechanism of sorption is

partitioning, and that Kr is an approach to a sorption partition coefficient (K}).
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Model Cork Parameter R? | Sg*(mgg!)’ | Cork Parameter R? | Sg*(mgg')
Lincar K, | @1=1)x107 | 0995 | 3.5x10" K, | (132£3)x102 | 0.996 | 6.4x10>

K. | (10.1)x10° B K. | (8£3)x107 >
RGC | gn | (40410l | %987 | 35%10 RAC | g | 09)x10" | 0993 | 4310
Kr | (41£1)x10" B Kr | (14124)x107
n | (99z9)x102 | 987 | 3.5x10 n_ | (11125)x102
Table 1 — Estimated parameters for the equilibrium models (valuetstandard deviation). Residual sum of square
(Sr?) and coefficient of determination (R?).

Langmuir

Freundlich 0.995 3.5x1072

Batch sorption studies showed faster kinetics when increasing the cork mass, since a higher
number of active sites are available for lindane uptake. RGC shows a superior affinity towards
lindane than RAC. This is mainly associated with the higher hydrophobicity of RGC, matching
the hydrophobic characteristic of the lindane.

Two mass transfer models (Eqs. 5 and 6) were developed to predict the lindane uptake
kinetics by cork granules, considering the following assumptions: i) isothermal process; ii)
spherical particles and iii) linear partitioning equilibrium model. Model 1 (Eq. 5) considers the
formation of an external sublayer around the cork particles, in which the lindane molecules
diffuse from the bulk fluid to the surface of the particles, while Model 2 (Eq. 6) considers the

particle's diffusion (linear driving force model).

quP_Cbo 1_e[_(1;im)%] € =Yk -Tz(eb) 1 ., =3 (5)
1+E >5m Ty p 1-ep/ kgap ” P rp
_ KpGp —kpap(1 . W . _1 _ _ R
q= 1+§m° [1 — e kpap( +ém)t], g = 7K kpap, = o =D, (6)

Where g (mg g™') is the amount of lindane sorbed at time 7 (s), G, is the initial concentration
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of lindane in the bulk (mg L), & is the batch mass capacity factor, zf is the time constant for

lindane diffusion in the film (s), €» is the bulk porosity, kr is the film mass transfer coefficient
(cm s), ap is the external surface area per unit particle volume (cm? cm™), r, is the particle
radius (cm), td is the time constant for lindane diffusion in the particle, kp is the mass transfer

coefficient for interparticle diffusion (cm s-1) and D# is the coefficient of homogeneous

diffusion in the particle. A cork density of 540 g L'! and a particle radius of 0.15 cm were
assumed. The initial lindane concentration was 3.1 mg L.
Both models adequately predicts the experimental data and presented a very similar

behaviour (Fig. 2) for both type of cork granules.
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Figure 2 — Kinetic studies for RAC (solid symbols) and RGC (open sym bols): (a) Model 1 (red lines) and (b)
Model 2 (blue lines), for different cork weights. 250 mg (' ); 500 mg (®); 1000 mg (A); 2000 mg (7).

As reported above, faster sorption kinetics (lower 7y and z4) are obtained for higher
solid/liquid ratios, due to higher amount of binding sites available for lindane uptake (Table 2).
Since the porosity of cork granules consists almost exclusively of external macropores (internal
cells are closed), intraparticle diffusion can be considered negligible and the main resistance to
lindane diffusion is in the particle film side. Regarding the resistance to diffusion in the film
(kp), values are in the same order of magnitude, since it only depends on the stirring velocity of

the suspension.
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Parameter Model RGC RAC
250 mg 500 mg 1000 mg 2000 mg 250 mg 500 mg 1000 mg 2000 mg
7 (5) (30+3)x10' | (17£2)x10! 167+9 17148 (4£1)x10% | (17+£3)x10" | (9£1)x10' | (9+1)x10!
R? 1 0.977 0.979 0.995 0.996 0.897 0.944 0.972 0.969
Sk’ (mgg')* | (Eq.S5) | 3.6x10°3 8.8x10* 9.9x10° 4.4x10°% 1.4x102 2.1x10° 4.9x10* 3.1x10*
k<103 (cm s) 36+4 3244 21+1 15.8+0.8 2345 3246 4146 3145
74 (8) (25£2)x10% | (27+£3)x10° | (404£2)x103 | (54+£3)x10° | (154£3)x10° | (10£2)x10° | (7£1)x10°® | (9£1)x103
R? 2 0.977 0.978 0.995 0.996 0.897 0.944 0.972 0.969
Sg’ (mgg')* | (Eq.6) | 3.6x10°3 8.8x10* 9.9x10° 4.4x10° 1.4x10? 2.1x1073 4.9x10* 3.1x10*
Dy, (cm?/s) 9x107 8x107 6x107 4x107 1x10°¢ 2x10°¢ 3x10° 2x10°¢

Table 2 — Estimated parameters for the mass transfer model (valuetstandard deviation). Residual sum of square
(Sr?) and coefficient of determination (R?).

CONCLUSIONS

Cork granules, a byproduct of the cork industry, showed promising results for the uptake of
lindane from liquid solutions. The RGC granules presented higher affinity to lindane than RAC.

A faster sorption kinetics were obtained for higher solid/liquid ratios.
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Abstract. The present work aims to study the thermal anisotropy of natural cork. Plane slice
samples with 1.4 mm average thickness were cut for that purpose along the principal radial,
longitudinal and tangential directions from a bark previously treated for cork stoppers
production. Samples were heated on the rear face using a copper needle coupled to a Peltier
element. An in-plane thermographic technique was implemented to study the space-time
temperature evolution in the samples’ front surfaces. Temperature measurements were made
using a Flir SC5650 infrared camera. Measurements of thermal diffusivity in the three principal
directions were performed, and the natural cork thermal anisotropy evaluated. The implemented

technique allows in-plane thermal diffusivity direct measurements, and post evaluation of the
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natural cork thermal anisotropy. Even if presenting some expected variability, as cork is a natural

product, results of the measured thermal diffusivities are compared with the results available in
the literature. Thermal diffusivities from 0.15 mm?/s and 0.14 mm?/s along radial and non-radial
directions were obtained, within the average values range of 0.08 mm?/s up to 0.24 mm?/s found
in the literature. The thermal diffusivity along the radial direction was found to be 10% higher
than along the non-radial directions, evidencing the natural cork thermal diffusivity and
conductivity anisotropies. This gives useful information on the difference between the average
thermal properties of natural cork, and on how they depend on the orientation of the cork

elements on the original cork bark.

INTRODUCTION

Cork is a natural material with important and interesting properties, with many current and
potential uses, namely as thermal insulator, noise and shock absorber, flame retarder, wine
stopper, flexible joints and several components, etc. [1-2]. Cork can be used as natural cork, as
extracted from the cork bark, or as agglomerated cork (granulated cork agglomerated using
some kind of resin as a binder). Given the cork natural character, its properties cannot be
accurately reproduced, even if some patterns can be identified, its properties presenting some
variability. Due to its cellular nature, and to its natural development and growth as the shell of
the quercus suber tree, cork presents anisotropy, with different properties along different
directions, such as the water diffusion coefficient and the cork-cork friction coefficient, which
are 40 times higher in non-radial directions and ~1.3 times higher in the radial direction,
respectively [1,2]. For the same reasons, it is also expected to observe the thermal anisotropy
of the natural cork, which affects its thermal diffusivity and thermal conductivity. This work
aims to experimentally evaluate the thermal anisotropy of natural cork using infrared
thermography. This technique allows the visualization of the space-time thermal evolution on
the samples surface, and the determination of the heat wave propagation along the principal

directions of thin plate-like materials.

THERMAL DIFFUSIVITY MEASUREMENTS

Considering a sample with the form of an infinite plate of thickness d which is
instantaneously heated on the rear face by a circular Gaussian heat source of radius R, if the
heat losses are neglected, the temperature distribution on the front face can be expressed as a

Gaussian [3]. —
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2r2

T(r,z,7) =R.e ¢%; c? =R%?+8ar (1)

where « is the thermal diffusivity and 75 oc (Q,R,d,?), an expression that accounts for the total

heat, O, supplied from the beginning of heating up to instant 7z, and thickness d. R is defined as
the distance from the pointwise heat source where the beam intensity decreases its intensity by
a factor of 1/¢°, and r is the radial coordinate (measured away from the pointwise heat source).
Once known the space-time temperature distribution of the front face, a Gaussian fit for each
time instant 7 allows obtaining the effective width (c) as a function of time, from which the
thermal diffusivity « along any given direction can be obtained. The described procedure is
valid for instants of elapsed time 7, for which the heat wave is far from reaching the edges of
the plate-like sample. In the present study, we focus on the ratios of the thermal properties
(thermal diffusivity and thermal conductivity) along the principal (radial, longitudinal and

tangential) directions, rather than on their absolute values.

Three thin plate-like samples with an approximate thickness of 1.4 mm were obtained from a bark piece.
The thickness of each sample develops along one of the (radial, longitudinal and tangential) principal
directions, as schematically represented in Fig. 1. The thickness of each sample develops along one of
the principal directions, orthogonally to the plane defined by the other two principal directions where the
heat diffusion is evaluated.

Heating was imposed on the rear face of the samples through a needle-like copper heater, its
base being heated using a Peltier heater as illustrated in Fig. 2. In this way, heating is
approximated as much as possible to a point source heating on the rear face of the plate-like
thin samples. A FLIR SC5650 thermographic camera was used for temperature mapping of the

samples’ front surfaces, as a function of time.

P ‘;l Infrared camera
t
r / |\

Pointwise heating source

) Plate-likesample

Figure 1: Schematic of the radial (), longitudinal (/)
and tangential (f) principal directions. Figure 2: Experimental setup.
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RESULTS

Figure 3 depicts the pair (¢?, 7) linearity, which accordingly to eq. (1) allows the evaluation
of the sample thermal diffusivities along the direction of interest. Insets show the cork plate-

like sample (a), the infrared image (b) and the respective temperature profiles along the radial

and tangential directions (c), 22 s after starting heating.

» Radial (r) scatter

y=1.207 x + 11.8

_r| |[=Radial linear fitting
o, =0.15 #

| | 2K Tangential (1) scatter

"| |==Tangential linear fitting

Radial data
1 13 — Radial data fitting
_ Q
=22l a + Tangential data
Tangential data fitting

y=1.116x +11.4
14 o =0.14

30 40
Line length (mm)
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I T T T T T
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Time (s)
Figure 3: Thermal diffusivities evaluation in the radial — tangential directions. Insets: (a) cork plate-like sample;

(b) infrared thermal image; (c) temperature profiles data and Gaussian fitting along / and ¢ directions for T =22 s.

Table 1 summarizes the thermal diffusivity measurements along the principal directions,
considering (1) the radial — longitudinal (/) surface, (2) the radial — tangential (»—¢) surface,
and (3) the longitudinal — tangential (/) surface. In addition to the thermal diffusivity, Table 1
includes also the respective ratios for each of the considered surfaces and the calculated heat

source radius R. The relative errors for a was determined below 2% for all directions.
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Tangential (¢) Longitudinal (/) Radial (7)
Orientation/surface | o (mm%s) | R (mm) | o (mm?s) | R (mm) | a (mm?%s) | R (mm) | o’s ratios
@) r—1 0.138 1.8 0.155 1.7 1.13
2 r—t 0.140 1.8 0.151 1.9 1.08
3) - 0.097 1.9 0.111 18 115

Table 1 : Thermal diffusivity analysis along the different principal 7, ¢ and / directions.

SUMMARY

As cork is a natural product its properties present some variability. Silva et al. [1] refer that
cork density can vary between 120 kg/m? and 180 kg/m? for amadia, and between 160 kg/m?
and 240 kg/m? for virgin cork. Average values from 0.08 mm?/s [4] up to 0.24 mm?/s [5] are
found in the literature for thermal diffusivity. Values of 0.003 mm?/s [6] and 1 mm?/s [2] are
also reported, differing from the generality of the literature in one order of magnitude. These
discrepancies evidence a need for clarification and confirmation. The thermal diffusivities of
approximately 0.15 mm?/s and 0.14 mm?/s along the radial and non-radial principal directions
measured in the present work reflect the cork natural development and growth [1,2]. Thermal
diffusivity is approximately 10% higher along the principal radial direction than along the non-

radial (longitudinal and tangential) principal directions.
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Abstract. Knowledge on cork weathering is important for cork applications in outdoor
environments namely as surfacing material in building facades. Colour changes have the highest
visual impact but impact at cellular and chemical levels may also be relevant. This study
presents a first analysis of weathering of cork regarding impact on colour, chemical composition
and structure of natural cork. The effect of temperature (40°C and 60°C) in closed environments
and outdoor field testing with samples inserted in and above ground were followed during one
year. Measurements of colour parameters were made and cellular observations with scanning
electron microscopy and chemical features were analysed by FTIR. These are preliminary results
with the project CorkinARCH- Cork facades: performance, environmental quality and public

perception.
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INTRODUCTION

Cork, a cellular material with a very interesting set of physical, biological and chemical
properties, has been extensively studied in relation to structure, chemical composition and
properties [!1. Despite these research efforts, there are no studies focusing on cork weathering,
namely on the impact of light, and especially UV, humidity and rain as well as of polluted
environments, e.g. urbans spaces, and soil contact on cork materials. These aspects are
important since cork products may be applied in outdoor environments as surfacing and
insulation materials. The use of cork in facades has increased in the last years following some
highlighted buildings with outdoor surfacing with cork, e.g. in the Hannover and Shanghai
World Exhibitions.

The properties of cork depend on the chemical features of its structural components that are
located on the faces and edges of the cells, forming a three-dimensional network of a solid
matrix that surrounds the air-filled cells. The properties of cork, including its chemical and
biological inertness and durability, are directly related to its chemical and cellular composition

2]

EXPERIMENTAL DESIGN AND RESULTS

Cork sheets with approximately 1cm thickness were cut tangentially from thin cork planks
provided by Industria Amorim. The tested samples were cut from these sheets and the
observations were made on their tangential sections. Two series of tests were carried out:

1) Impact of temperature in closed environments: Square samples of aprroximately

10x10 cm2 were used and placed in drying chambers at 40°C and 60°C

i) Outdoor field tests: Rectangular samples of approximately 10x30 cm? were used and

placed in a biodegradation field test buried in the soil at approximately mid-length,
following the procedures of biodegradation testing in natural open-air burial
conditions set in ASTM G160-12B1,

The tests started January 2022, and results will be presented for the first 12 months. The
measurements include the colour of each sample using the CIELAB methodology and chemical
characterization by FTIR-ATR. Scanning electron microscopy (SEM) was used for
observations of the cellular structure. In the case of the buried samples, observations were made
on the buried part and on the air-exposed part.

The observed changes — at colour, chemical and cellular levels — will be presented and

discussed.
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Abstract. The term blindness refers to a wide range of visual impairments [1]. According to
the World Health Organization, there were approximately 2.2 billion visually impaired people
in 2019 [2]. In the following year, data pointed to about 75 million blind people, including 1.4
million children [3].

Since the moment of birth, vision is a crucial tool for learning about the world as it is the

most dominant sense [2], [4]. Vision also improves children's motivation and increases their
curiosity to explore [4]. Although the developmental processes of sighted and visually
impaired children are similar, the latter face development difficulties and delays [5]. For
example, blind children often learn to crawl and walk later and are less confident to move
around because visual information is especially important for obtaining balance and posture
[6], [7].

There are available on the market mobility devices that aim to compensate for the lack of

motor coordination of visually impaired and blind infants [7]. However, these products are
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only usable by toddlers who are already able to stand and walk. There is a need for products

that can help these children develop autonomous movement skills as early as possible.

This paper describes the development process of the Rall Toy that promotes innovation by
taking advantage of cork’s benefits to encourage blind children’s development through motor,
cognitive and sensorial stimulation. The project was born in an academic context and its final
goal is to bring joy to all children, but with special attention to the early needs of blind
infants. It is designed to encourage babies' first movements and to increase their self-
confidence and independence. The toy is a play carpet on which children can build a ramp
using two types of modular blocks in a Lego-like construction logic and play with noisy balls
that make different sounds depending on the objects inside. There is also a toy car on the

carpet with a predetermined path to help children reach the end of the ramp so they can pick

up the balls, bring them back and play again. This toy uses the sounds of the balls and the
properties of the composite cork agglomerates to trigger auditory and tactile sensations to

keep children motivated.
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Abstract.

We are living in the era of the Internet of Things (IoT), where the ability to sensorize materials
and create devices capable of detecting changes in our bodies assumes a significant role. In
recent times, the capability to detect small physical/chemical changes has grown due to
advancements in manipulating materials at a previously difficult-to-achieve scale. Among the
many possible technologies, laser processing stands out for its ability to modify the surface of
materials while preserving their intrinsic properties. This also applies to cork, as its interaction
with a laser beam may result in the formation of a Laser-induced Graphene (LIG) foam,
providing conductive properties that enable the direct scribing of pressure sensors [1]. This
process enabled the development of sensors capable of monitoring human gait through the
analysis of pressure signals from distinct foot regions. The conductive regions formed by
graphene sheets exhibit sheet-resistances of less than 100 Q sq!, demonstrate piezoresistive
response up to 1132 kPa, and sensitivities of up to 0.02 kPa™!. Different strategies have also

been explored to improve the long-term operation of these sensors.

100



CSA 23

CSA2023 - Cork in Science and Applications
7-8 September 2023, Espinho, Portugal
REFERENCES

[1] A.F. Carvalho, A. J. S. Fernandes, R. Martins, E. Fortunato, F. M. Costa, “Laser-induced
graphene piezoresistive sensors synthetized directly on cork insoles for gait analysis” Adv.

Mater. Technol., no. 2000630, pp.1-8 , 2020.

101



Jodo Athayde, Iryna Skulska, Catarina Sequeira and Conceic¢ao Colago

CORK FACADES: PERFORMANCE, ENVIRONMENTAL QUALITY
AND PUBLIC PERCEPTION

Jodo Athayde'%, Iryna Skulska!, Catarina Sequeira!, and Concei¢io Colago’

* corresponding author, University of Lisbon, e-mail: joaoathayde07@gmail.com

lCentre for Applied Ecology "Prof. Bacta Neves" (CEABN/InBIO), School of Agriculture, University
of Lisbon, Tapada da Ajuda 1349-017 Lisbon, Portugal

2Center for Forestry Studies (CEF) School of Agriculture, University of Lisbon, Tapada da Ajuda
1349-017 Lisbon, Portugal

Keywords: sustainable buildings, environmental impact, citizen science, survey

Abstract.

Cork is an underrated material within architecture. It is a bio-based material with unique characteristics and
advantages, such as thermal and acoustic insulation, fire resistance, and durability. Thus, this sustainable and
renewable material is suitable for, among others, external cladding, internal lining, and insulation. Cork is also an
environmentally friendly solution within building construction due to its low embodied energy consumption and
low carbon footprint. Its light weight also makes it easier to transport and install than other materials used in
architecture. Furthermore, cork can be easily customized with different colours and textures to create aesthetically
pleasing facades and interiors.

The CORKinARCH project, funded by FCT, aims to raise public awareness on the use of this material and it
production system, montado, in Portugal. The project is based on three main pillars of research: historical, social,
and technological. The social part of the project, intends to assess, using a field questionnaire, the knowledge and
perceptions of the general public and professionals about the material cork, the tree that it is the cork oak, and the
importance of managing the ecosystem in which it grows.

Although the process of collecting information on public perception is under development, its first results
indicate that: 1. Respondents have some ideas about the tree and the cork, together with the montados importance
in Portugal; 2. Most of those interviewed are aware of the various uses of cork and agree that the use of this material
in civil engineering can help to the buildings sustainability. However, there is a lack of knowledge about the types
of building materials that can use cork.

The collection of information should be extended geographically, including other cities in Portugal.

Furthermore, more detailed studies on the economics of cork-based building materials are recommended.
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INTRODUCTION

The current trend towards constructing sustainable buildings and increasing awareness of the environment has
led to a renewed interest in applying bio-architecture as an alternative construction method [1]. Furthermore, the
EU has set the goal of having almost zero energy consumption in all new buildings by 2020 (Directive
2018/844/EU). Therefore, reducing buildings' energy intensity and environmental impact has become a top priority
for EU development strategies and social objectives. Bio-based materials are promising for buildings in the 21st

century due to their sustainability and versatility [1].

Cork is known worldwide as a bottle stopper, though it can have several other appliances, such as improving

the thermal performance of buildings. This material meets the construction sector's requirements, combining

lightness, elasticity and resilience, permeability, insulation, flame retardant qualities, and hypoallergenic properties
[2,3].

In the last decades, cork has been used by Portuguese architects and designers for external cladding, such as in
the pioneering work of Siza Vieira for the Expo2000 in Hannover. The Portuguese Pavilion was partially covered
by pure agglomerated expanded cork and high-density cork sheets. The resilience and versatility of these non-
timber forest products (NTFP) make them attractive for use in modern buildings, which can play an important role
in reducing the environmental impact of the construction industry.

Cork is a cellular material with a very interesting set of physical, chemical, and biological properties and is one
of the main NTFPs in the world. Many studies have been conducted on cork oak and cork, namely their growth, it
structure, chemical composition, and properties [4,5,6,7]. However, despite research efforts and the current use of
cork on building facades, there are no studies on the aging and response of these materials to weather and other

biological phenomena.

GENERALITIES OF THE STUDY

The CORKinARCH project develops based on three objectives: 1. Studying the use of cork in the architecture
of Alvaro Siza: concept and views on materials (focused on the study of archives donated by Alvaro Siza); 2.
Examining cork products under various weather conditions and their aging characteristics to understand how
environmental factors affect the performance of cork products; and 3. Analysis of public perception and spatial
integration of cork in building construction.

The project's outreach work focuses on discovering, geolocating, and characterizing buildings with cork
fagades in Portugal. Information is collected using a web page designed to host the inventory obtained by the
citizen science method. The same website disseminates information about cork, cork oak, the cork oak ecosystem
and its associated biodiversity. In addition, a survey is being conducted to assess the knowledge and perceptions
of the general public and specialists, particularly about cork, cork oak, and the importance of managing the
ecosystem of cork oak forests.

Finally, it is designed to raise awareness among professionals about the environmental benefits of cork. To this
end, it is planned to develop special training events within professional organizations. In addition, the transfer of
knowledge acquired during the project will be presented as a guide on using cork in construction, aimed at

architects and civil engineers, and the general public.
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In general, the project is intended to carry out environmental activities to raise awareness and educate about
cork in architecture. Since cork has a wide range of uses and cork oak is the Portuguese national tree, knowing and

appreciating this specie is an important step towards its conservation.

METHODOLOGY AND PRELIMINARY RESULTS

At the Cork in Science and Application Congress (CSA) 2023, we intend to present the survey results that will
be applied to residents of several Portuguese cities (Coimbra, Aveiro, Cascais, and Setubal) with public buildings
with cork exterior fagades.

Until now, the survey was carried out between the 18th and 19th of March in Coimbra, at the Siza Vieira's
Portuguese Pavilion. The location for collecting opinions from the general public was deliberately chosen to take
advantage of the building model with exterior cork facades as an example.

During two days in this workplace, 71 people were interviewed, 56% males and 42% females. 2% of the
respondents did not answer this question. As for the age groups of respondents, they were distributed evenly
without statistically significant differences among the six groups defined, from 18 years old to over 65 years old.
More than 80% of respondents were permanent residents of Coimbra, and only a small part were tourists or people

with a temporary stay in this city.

The questions were divided into two main parts. The first part aimed to gather the respondents' opinions about
the different materials used for cladding exterior fagades and their level of satisfaction with the thermal and

acoustic comfort of Portuguese buildings. The second part of the survey aimed to investigate the public perception

of cork use in Portugal, including in civil construction.

Evaluation of building coatings in Portugal

The most mentioned building coatings materials during the survey were cement, stone, wood and Styrofoam

(figure 1). Cork as a material for this kind of coating was mentioned by only 5% of the respondents.

Marble
BriCk Cork

wiCement

StyFofoanr

Figure 1. A cloud of words that were collected during a survey about the most common material for facades in Portugal.
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Among the various characteristics that an exterior facade of any building should have, the first three most

mentioned were thermal and acoustic insulation (66% and 49% of responders), as well as impermeability (48%).
As for the thermal and acoustic comfort ratings of Portuguese buildings, most of the respondents were

evaluated as having bad or very bad thermal and acoustic comfort (figure 2).

Acoustic
fort Bad or very
Reasonable
comfort good
0% 20% 40% 60% 80% 100%

Figure 2. Results of respondents’ assessment of thermal and acoustic comfort of buildings in Portugal.

Most of the respondents had experience building a house or at least renovating it. In the question
regarding the preference of the materials country of production for exterior decoration of buildings, 96% of the
respondents preferred to buy Portuguese materials. However, the decision on this purchase depended mostly on

the price and quality of the product.

Public perception of cork and its usefulness

The results show that 83% of the respondents know what is the material cork and the tree from which it
is extracted. In turn, 66% of respondents indicated the region with the highest abundance of montados in
Portugal - Alentejo. In terms of the respondents’ knowledge of the benefits of cork oak ecosystems, 66% believe
that cork oaks contribute to biodiversity, 45% to a decreased risk of fires, 40% know it can conserve the soil and

37% that this specie is helping in the carbon sequestration.
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As for questions directly related to cork as a raw material, 90% of respondents consider it sustainable,
with important environmental and economic characteristics. Respondents demonstrated their knowledge of using
cork for various purposes, such as the production of stoppers, footwear and clothing production, handicrafts,
among others. However, 89% believe that the use of this material could be increased in the case of civil
construction. This observation is also confirmed by the fact that, , according to respondents, the Siza Vieira's

Portuguese Pavilion gains aesthetic and comfort characteristics because it uses cork on its facades.

DISCUTION AND CONCLUSIONS

Cork is a material with a wide range of applications and is now becoming increasingly popular due to its
sustainable characteristics. It is derived from the bark of a cork oak tree, and understanding the cork oak ecosystem,
montado, is essential if we want to use this resource sustainably.

Cork is becoming an increasingly popular material for civil construction due to its many advantages. Not only it
is a sustainable material, but it also has excellent insulation, and acoustic and fire-resistant properties. This makes
cork a suitable material for using in fagades and other parts of the buildings.

Although most of the respondents in this study are aware of the benefits of this type of raw material and
its origin, its use in Portugal is in its early stages of development, in what concerns civil engineering. It seems
society is ready to introduce this material as an important element in the construction of buildings, but the barriers
to this process remain unknown.

This study will be expanded geographically by conducting a similar survey in other populated cities in
Portugal where it already exists a building with cork fagades.

The collected information will serve as a basis for future research. For example, the economic direction
seems to be interesting, namely the analysis of the availability of building materials based on cork, their price, the
demand for this product, etc. Equally important is the research and innovation of cork-based building materials

regarding their quality and versatility.
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Abstract. Micromobility is a current topic that gained traction with the introduction of electric-
powered small vehicles, namely electric scooters and bicycles. Analysing current helmets on
the market, it became apparent that despite a few prominent products, regular helmets do not
go in line with the premises defined by this type of mobility, both due to their form, but most
importantly, through their material choice. This article is based on the development of design
and engineering research that seeks to find and develop a more sustainable helmet alternative,
that could be more attractive to users than the current solutions available and reach the more
environmentally focused consumer that does not have a suitable option at the moment. Helmets
are typically composed of an expanded polystyrene (EPS) liner, with a polycarbonate (PC) outer
shell. This combination of materials makes them effective, and through refined mass production
processes, cheap to produce, thus making them easily replaceable. On the other hand, while
cheap and effective, these helmets have a significant environmental impact because EPS
deforms permanently. Considering the level of energy required by the standard, it can only
withstand one impact. Also, the European Standard 1078 requires the helmet to be replaced
after an accident, even if damage is not apparent [ 1]. Additionally, the Consumer Product Safety
Commission (CPSC) recommends replacing a helmet every 5-10 years [2]. This is especially
concerning from an environmental standpoint because they are challenging to recycle, as

different types of materials are used that are hard to separate at the end of life due to the usage
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of glues/adhesives and other permanent joining methods that prevent its recyclability. By

exploring alternative, more sustainable materials that align with the United Nations 2030
Agenda for sustainable development, Expanded Cork (EC) was found to be a possible
alternative to EPS as a lightweight, relatively cheap, and characterized by a negative carbon
footprint [3]. EC is typically used for building insulation and sold in the shape of boards, so an
attempt was made to explore a solution obtained via CNC milling. The developed helmet
proposal comprises a three-part structure, two side parts, and a central band. Machined to form
small cubes connected by a thin layer of cork at the base, and then encapsulated by an elastane
fabric, sawn to the cork, that fits the head when in use and compacts when stored, for space

saving.
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Abstract. Lightweight geopolymer composites were produced by varying the content of distinct
aggregates, attempting to clarify the potential of cork compared with expanded vermiculite,
rubber, expanded polystyrene (EPS), and lightweight expanded clay (Leca). The lowest bulk
density was observed for the EPS-containing composites, while Leca composites showed the
highest mechanical performance. Cork composites combined low thermal conductivity with
very high sound absorption coefficient, particularly above 2000 Hz. Although Leca and EPS
exhibited the highest specific strength and low thermal conductivity, respectively, their
production processes are not only energy intensive but also require non-renewable resources.
In contrast, cork is a natural and renewable resource making it a truly sustainable alternative

to produce lightweight geopolymer composites envisioned for the construction sector.
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INTRODUCTION

The extensive use of ordinary Portland cement as the primary construction material in
the building sector has resulted in a considerable share of CO: emissions and energy
consumption. As a result of the pressing demand for sustainable building materials, lightweight
geopolymer concrete has emerged as an alternative due to performance (e.g., chemical
resistance, thermal insulation) and environmental reasons [1]. A widely adopted technique to
achieve weight reduction in such materials involves the incorporation of lightweight aggregates,
most of them synthetic [2]. The use of natural aggregates [3] is a more attractive option due to
their much lower embodied energy compared to other materials currently available on the
market (e.g., Expanded PolyStirene - EPS, Leca). Incorporating cork, which is a renewable
resource, into a geopolymer matrix has been shown to result in multifunctional composites with

low density, low thermal conductivity, high acoustic absorption, and good

moisture buffering capacity [4]. This study aimed to assess and compare the effects of
incorporating cork with synthetic lightweight aggregates, such as expanded vermiculite, rubber,
EPS and Leca on the properties of the produced composites including their geometric density,

compressive strength, thermal conductivity and sound absorption coefficient.

MATERIAL AND METHODS

Materials

Cork granules (0.5-2 mm, 64 kg/m?) were supplied by a Portuguese cork industry, while the
used synthetic aggregates were expanded vermiculite (1-2 mm, 130 kg/m?), crushed rubber (1-
2 mm, 540 kg/m?), EPS (1-2 mm, 25 kg/m?), and lightweight expanded clay aggregate (Leca®)
(1-2 mm, 520 kg/m?). To produce the binder, biomass fly ash (FA), provided by a Portuguese
pulp and paper plant, was mixed with metakaolin (MK) (Argical™ M1200S, Univar®) and then
activated using an alkaline solution composed by sodium silicate (SiO2/Na20O =3.1; H20 =62.1

wt.%; Quimialmel; Portugal) and NaOH solution (10 M) (ACS reagent, 97%; Sigma Aldrich).

Geopolymer composite synthesis

The alkaline solution was used to activate the fly ash and metakaolin blend (70:30 wt.%). The
paste was then mixed with the lightweight aggregates at different volumetric concentrations,
determined by the type of aggregate. The resulting paste was then poured into molds and placed

within plastic bags to enable curing under ambient temperature and controlled humidity
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conditions. After 24 hours, the samples were removed from the molds and left to cure at room

temperature until the 28" day.

Materials characterization

The bulk density was determined using the sample’s mass to volume ratio, while the
compressive strength of the specimens was measured using a Universal Testing Machine
(Shimadzu model AG-25 TA) operating at a displacement rate of 0.5 mm//min. The thermal
conductivity was measured at room temperature using a heat flow meter apparatus in
accordance with ASTM C518-04. Three replicates per composition with cubic dimension (4 x
4 x 4 cm®) were used to perform the characterization assays. Acoustic properties of composites,
including sound absorption coefficient determination, were evaluated using cylindrical
specimens (d = 50 mm; height ~20 mm) in an impedance tube according with the EN ISO
10534-2 standard protocol.

RESULTS AND DISCUSSION

Fig. 1 shows a representative digital photograph of the geopolymer composites containing the

distinct lightweight aggregates. The image illustrates that the aggregates are evenly dispersed
throughout the geopolymer matrix, without any segregation or disintegration. Despite the
notable geometric density contrast of the aggregates and the binder (1600 kg/m3), the strong
surface interaction between them is evidenced. The geometric density of composites decreases
as the aggregate content in the geopolymeric matrix increases (Fig. 2), reaching the lowest

density (0.17 g/cm3) when EPS is added at 87.5 vol.%. Adding 85 vol.% of aggregate, the

composite with cork achieved a density of 0.30 g/cm?, which was 57% lower than Leca and
61% lower than rubber while being 70% higher than EPS. The compressive strength of the
composites generally decreased with increasing aggregate content, except for those containing
rubber at levels above 80 vol.%, as shown in Fig. 2. This occurs probably due to the elastic
behaviour of rubber under compression. At 85 vol.%, adding cork resulted in a compressive
strength of 0.2 MPa, which is lower compared to composites containing EPS (0.5 MPa), rubber
(1.7 MPa), and Leca (2.8 MPa). Consequently, this leads to a cork containing composite with

lower specific strength (compressive strength divided by the sample’s density).
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CORK VERMICULITE RUBBER EPS LECA

Figure 1: Representative geopolymer composites containing cork (75 vol.%), vermiculite (75 vol.%), rubber (75

vol.%), EPS (80 vol.%), and Leca (75 vol.%).
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Figure 2: Geometric density (a) and compressive strength (b) of the various geopolymer composites.
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The thermal conductivity of prepared geopolymer composites decreased with the higher
aggregate content in the composite. Adding 85% of cork resulted in the lowest thermal
conductivity value (68 mW k! m™), being ~ 2.7 times lower than Leca, a commonly used
lightweight material in civil engineering, ~ 2.5 times lower than rubber, and roughly 0.3 times
than EPS at the same volume fraction. Although EPS-based composites also exhibit excellent
thermal conductivity values, EPS is less sustainable than cork due to their fossil origin and
emission of toxic fumes when exposed to fire. The sound absorption coefficient of the
composites across the frequency range (400-3150 Hz) is provided in Fig. 3. The EPS and the
vermiculite composites show poor sound absorption performance, while cork, rubber and Leca-
containing composites show interesting acoustic performance. Leca and rubber composites
exhibit the highest sound absorption coefficient between 1000 and 1500 Hz, while the cork
composites show higher values than their counterparts above 2000 Hz and up to 3150 Hz.
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Figure 3: Sound absorption coefficient for the distinct composites. Fig. 3f illustrates the influence of the nature

of the aggregate on the sound absorption coefficient for the composites prepared with 85 vol.%.

CONCLUSIONS

This work compared, for the first time, the properties of cork composites with those of
synthetic aggregates-containing geopolymer composites. The use of EPS leads to the
production of ultralight bodies (0.17 g/cm?), while the use of Leca endows the production of
high-resistant samples (7.6 MPa) coupling interesting sound absorption coefficient (1000 —
1500 Hz). On the other hand, cork composites exhibit low density (0.30 g/cm?), the lowest
thermal conductivity (68 mW k! m™!) and the highest sound absorption coefficient (2000-3150
Hz), which makes them a very attractive option to enhance the thermal and acoustic properties

of the building stock while contributing towards the decarbonizing of this building sector.
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Abstract

Cork is known for its use in wine stoppers. The industrial production of cork stoppers
generates cork powder residues with low granulometry (< 500 um), which are not feasible
for typical cork-based composites. These residues are usually burned. Cork is a natural
material, with a Portuguese 1D, composed mainly of suberin and lignin. Structurally, it presents
an alveolar shape [1]. The combination of its chemical composition and morphology led to a
unique combination of properties, which can be highlighted the lightness, compressibility, and
thermal and acoustic insulation properties, among others. The upcycling of such cork powder
residues is proposed through the development of cork-based formulations adapted for additive
manufacturing (AM) technologies. It will combine the cork’s unicity with the geometric
freedom only attained by AM techniques. More specifically, two AM techniques will be
explored and presented, namely Fused Filament Fabrication, an extrusion-based technique and,
Binder Jetting (BJ), a powder-based technique. In the case of FFF, cork-polymer composites
(CPC) filaments based on polylactic acid [2] and flexible starch-based blends will be presented.
For BJ, adapted cork powder-based formulations prepared with hydrophilic additives to tune
cork’s hydrophobicity will also be discussed [3, 4]. An overview concerning the formulation
development, the processing by AM techniques and the post-processing will be presented,
together with all the challenges that arose in each phase. In addition, for each AM technique,
it will be demonstrated several case studies exploring

intricate geometries not attained by the typical processing technologies of cork-based products.
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Abstract

Fused Filament Fabrication (FFF) is one of the most widely adopted technologies in the field
of additive manufacturing (AM) due to the extensive availability of equipment [1]. Various
studies have explored the feasibility of filament deposition on different materials such as
fabrics, wood, etc., demonstrating the process's capability of material adhesion [2,3]. Moreover,
non-planar approaches have been employed to enhance the adaptability of the process, thereby
expanding the design freedom of the products [4]. In parallel, the growing concern for
sustainability has led to an increased pursuit of environmentally responsible materials and
production processes across various industrial sectors. In this context, cork has emerged as a
promising material due to its natural and renewable properties, as well as its sustainable life
cycle.

The availability of cork filaments, and the technique of depositing onto cork substrates
represents innovative approaches that leverages 3D printing technology to create complex and
personalized structures [5]. These techniques allow for the manufacturing of objects using cork
as the primary raw material, contributing to a reduction in the consumption of non-renewable
resources and a decrease in the associated carbon footprint. Both approaches allow the reuse

and valorisation of cork waste, reducing waste and promoting sustainability and circular
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economy.

As part of this, a study was conducted to apply advanced knowledge and innovation in FFF
printing on freeform surfaces, facilitating material addition and the creation of new forms, as
well as the customization of existing parts through substrate digitization, CAD manipulation,

and the generation of 3D trajectories for adding new features.

The objective of this work was to explore innovative deposition strategies, such as non-planar
deposition on freeform surfaces using FFF, specifically for cork substrates using cork based
filaments. This approach enabled material addition, the creation of new forms, and the
customization of existing parts. The substrate’s surface was digitized, and the CAD design was
manipulated to ensure the generation of accurate 3D mixed trajectories for printing over those

surfaces. The development process involved the utilization of a Delta Wasp 4020 equipment

and the adaptation of the printing head. Multiple deposition strategies were studied and
developed, subsequently validated through three case studies involving cork material.

Overall, this research contributes to the advancement of FFF technology, enabling the
sustainable manufacturing of cork-based products with enhanced design possibilities and

reduced environmental impact.
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Abstract

The cork stopper industry serves as an integral part of our daily lives, providing essential sealing
solutions for various containers, notably wine bottles. To optimize the sealing performance and
facilitate the insertion and removal of cork stoppers, manufacturers typically apply surface
treatments, often based on paraffin and silicon compounds. However, existing methodologies
for evaluating these surface treatments suffer from drawbacks such as slow analysis, destructive
sampling, limited representativity of the batch, and reliance on indirect measurements.

This study introduces a novel approach of employing laser-induced breakdown spectroscopy
(LIBS)[1], a micro-destructive technique, for depth analysis of cork stoppers, without
compromising the integrity of the samples. The proposed industrial LIBS system prototype
enables online analysis of cylindrical-shaped cork stoppers, providing real-time elemental
analysis and reducing the time gap between production and batch evaluation.

Herein is present the results obtained with the new CorkSurf LIBS system by demonstrating its

effectiveness in evaluating the thickness and uniformity of surface treatment deposition.
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Abstract. Shear thickening fluids (STFs) are characterized by a nonlinear viscosity increase with the shear rate
increase [1]. STFs go from a liquid-like state at lower shear rates to a solid-like state at higher shear rates,
characterized by an abrupt rise in their viscosity [2]. Therefore, STF is promising for applications such as shock
absorbers, body armour, and vibration insulators. Tan et al. [3] investigated shear-thickening fabric composites
(STFC) subjected to stab, drop-weight, Split-Hopkinson pressure bar (SHPB), and ballistic impact. The results
showed that STF inevitably flows away from the surface of STFCs without any protection and that shear-
thickening gel has better stability and is easier to encapsulate. In another study, Kevlar® fabric was impregnated
with STF and subjected to ballistic tests. It was possible to conclude there is a significant improvement in
ballistic penetration resistance due to the addition of STF. The samples performed equivalently to neat fabric
targets of equal areal density while offering significantly less thickness and more material flexibility.
Additionally, there is a proportional relationship between the energy absorption by the STF-fabric composite
and the STF volume [4]. At this point, it is known that STF synthesis is possible through the mixture of fumed
silica nanoparticles and poly(ethylene) glycol, even though there is no specific pattern concerning the synthesis
conditions reported in the literature. The STF peak viscosity and critical shear rate depend closely on the
concentration of fumed silica, its size, stirring time, and speed [1]. Cork is a natural, fully sustainable, and
recyclable material with excellent properties for impact protection applications, which can be tailored for a
specific application [5-10]. Cork-STF composite structures have been explored to investigate the potential of
impact energy absorption enhancement brought by STF [11-12]. Expanded cork (EC), manufactured with raw
material of low quality for stoppers production, is characterised by a negative carbon footprint and lower density
than cork polymer compounds. Therefore, this work explores disruptive configurations of EC-based structures
strategically enhanced with STF and designed to serve as pads for impact energy absorption purposes. First,
several STFs are developed and characterized thanks to rheological tests. Then, EC is impregnated with STF
and subjected to low-energy impacts. Results are promising, demonstrating the influence of STF on the impact
force and mechanical behavior of the EC-STF composites.
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