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tifolia species for 72hrs using dipping method. The samples were
divided into two equal halves which are true representatives of all
the wooden samples used. One part were incubated at the timber
graveyard to expose them to termites attacks while the second part
was plated on sterile potato dextrose agar (PDA) and attacked with
a wood desroying fungus (Rhizoctonia solani) while the deteriora-
tion rate was observe for a period of Tmonth for fungi growth and
six months for termites attacks respectively. Data collected include
phytochemical concentration of the plant extracts, retention rate
(%), visual durability ratings, and mass and hardness losses of the
wood samples due to fungi and termites attacks.

The analysis of variance showed that there was significant difference
(P<0.05) in the type of extracts used wood species and concentra-
tion of the plant extracts. There was significant difference in the vis-
ibility test conducted for the wood species attacked by termite. C.
odorata was found more effective because it contained more phy-
tochemicals than other extracts used. All the extracts were found to
be effective even at low concentration. The weight loss exhibited by
tested sample were found to be significantly low.These extracts are
potential alternatives for inorganic preservations in that they were
found to be effective in suppressing both fungi and termite attacks.

Keywords: Preservatives, extracts, fungi and termites.

Study of the cure of melamine-
urea-formaldehyde resins with very
low formaldehyde emissions

Nédia T. PAIVA™??, Ana HENRIQUES'?, Jodo PEREIRA™?, Nuno COSTA'*?, Jodo
FERRA®, Paulo CRUZ?, Jorge MARTINS™, Ferndo MAGALHAES' and Lufsa
CARVALHO™
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2 Association Network for Competence in Polymer, Porto, Portugal

3 EuroResinas — Industrias Quimicas, S.A., Portugal

4 Department of Wood Engineering, Polytechnic of Viseu, Viseu, Portugal
paiva.nadia@fe.up.pt

Urea-formaldehyde (UF) resins are the most widely used adhesives
for wood-based panels (WBP). Worldwide, these resins represent 80
% of the total production in the aminoresins class. These are ther-
mosetting polymers that, before cure, consist of an agueous solu-
tion/dispersion of unreacted monomers, linear or branched oligo-
meric and polymeric molecules. They are obtained by condensation
of aldehydes with compounds containing amino groups and their
commercial success is mostly due to high reactivity, good perform-
ance and low cost. However, hydrolytic degradation of covalent
bonds in the cured resin causes a significant weakening of mechani-
cal strength and is a source of formaldehyde emissions.

The incorporation of a small percentage of melamine on UF resins
improves the moisture/water resistance and therefore decreases
formaldehyde emission. This occurs because more stable bonds are
formed when a methylene carbon is linked to an amide group from a
melamine ring, instead of nitrogen from urea. However, this results in
aresin with lower reactivity and, consequently, higher pressing times.

In industry, the methods used for determining resin gel time are not
representative of reality and the results are inaccurate and opera-
tor-sensitive. Other advanced characterization equipment, such as
Differential Scanning Calorimetry (DSC) allows the identification of
the onset temperature, cure rate, heat of reaction and kinetic pa-
rameters. However, it does not assess the strength of bonds formed
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within the resin, neither its interaction with wood. While DSC moni-
tors the “chemical cure’, ABES (Automatic Bonding Evaluation Sys-
tem), TMA (Thermo Mechanical Analysis) and DMTA (dynamic me-
chanical thermal analysis) allow for the evaluation of the bonding
strength development.

This paper presents the results of curing studies of melamine-urea-
formaldehyde (MUF) resins with low formaldehyde emissions per-
formed with ABES technique. This equipment represents an expedi-
tious and quick way to assess the strength of bonds formed during
adhesive curing. Simple analytical models allowed for the quanti-
fication of resin gel time, cure rate and strength of adhesive joint.
A comparison between the results for the resins gel time obtained
using ABES and conventional methods is also presented.

Keywords: urea-formaldehyde resin, melamine, Automatic
Bonding Evaluation System, gel time, resin cure
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Characterization of Tunisian Aleppo
pine Tannin Extract For a Potential

Use in Adhesives Formulation

Houda SAAD>®, Fatima CHARRIER- EL BOUHTOURY®, Bertrand CHARRIER®
and Naceur AYED?

a) Unité de recherche de chimie organique industrielle et alimentaire 00UR/1201

Institut National des Sciences Appliquées et de Technologie INSAT, Centre Urbain Nord B.P N°
676/1080 Tunis.

b) EPCP IPREM, Sylvadour IUT des Pays de I'Adour, 371 rue du Ruisseau, BP 201, 40004 Mont
de Marsan, France.

e-mail: houda.saad@univ-pau.fr

e-mail: fatima.charrier@univ-pau.fr

At present, the production of wood adhesives mainly relies on the
petrochemical-based resins, which are non-renewable and there-
fore ultimately limited in supply. The aim of this work is to get a
better knowledge of Mediterranean wood plantations and forests
and to valorize them as a potential source of tannins for adhesives
formulation; we selected a local Tunisian vegetable material for the
study which is Aleppo pine bark.

Tannins are important secondary metabolites and are very diffuse in
the whole plant kingdom; they play a principal role in plant defense,
for example against herbivores. They are divided in two broad class-
es, namely condensed tannins and hydrolysable tannins. Vegetable
tannins have been used traditionally to tan leather. On the twenty-
first century, they found a new application as phenol substitutes in
the adhesives formulation.

Tannins can be found in the bark, stem, phloem, seeds, fruits, fruits
pods, wood leaves and needles of dicotyledonous plants. The most
common commercial tannins are coming from mimosa bark, que-
bracho wood, pine bark and oak bark.

Aleppo pine (Pinus halepensis Mill) is a conifer tree belongs to
Pinaceae family. It is one of the most common pines throughout the
Mediterranean on the plains and low mountains. In Tunisia Aleppo
pine barks are used traditionally for leather tanning and its local
name is“Sellekh”

The intending use of Aleppo pine barks as phenol substitutes in
the formulation of adhesives was studied. Thus, total phenols, con-
densed tannins and hydrolysable tannins were estimated by colori-
metric essays, characterized using NMR, DSC and TGA and com-
pared to those of common tannins to evaluate their use as a source



characterization of the visco-elastic behaviour in terms of stress for
33 % strain (S33, MPa), Young modulus (E), resilience index (1), den-
sity (D, g--1) and dimensional recovery at 15 s, 15 min and 1 week
(R15s,R15m, RTw, %).

Results show the effect (p<0,01%) of the commercial classification
on the stress (533), resilience (1) and intermediate recovery (R15m).
The effect of the origin is appraised specially in the variables that de-
fine the initial zone of the stress-strain curve: instantaneous recovery
(R15s, p<0,019%) and Young Modulus (E, p<0,05%), being also de-
tected for R15m and R1w. Interaction between both factors has not
been detected. Correlations are low excepting that between D and
S33 (R2 = 0.725). Finally, the analysis of anomalous cases highlights
the relationship between mechanical behaviour and the presence
of some defects (ligneous inclusions, stains) hardly detectable by
image analysis and, therefore, causes of possible classification errors.

It can be concluded that mechanical tests can be of great help in
the definition of more objective and homogenous quality grades as
well as in the improvement of the final products traceability.

Keywords: Quercus suber; cork properties; cork grading;
traceability; quality control
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The surface porosity of natural
cork stoppers and quality classes
produced from cork boards of
different calliper

Vanda OLIVEIRA, Sofia KNAPIC, and Helena PEREIRA

Centro de Estudos Florestais, Instituto Superior de Agronomia, Universidade Técnica
de Lisboa, Lisboa
vandaoliveira@isa.utl.pt

The natural cork stoppers are the premium product of the cork in-
dustry and the commercial value of cork is determined by its suit-
ability for the production of stoppers. Cork is a biological material
with cellular structure, chemical inertia and specific mechanical be-
haviour that provide an unmatched closure for bottles with world-
wide recognition of quality and performance as wine sealant. The
aim of this study was to characterize the variability and quantify the
surface porosity of wine cork stoppers that were produced from
cork boards of different callipers and are of different commercial
quality classes.

The porosity of 600 cork stoppers, 300 punched out from cork strips
of calliper 27-32 mm and 300 from calliper 45-54 mm was charac-
terized by image analysis on the total lateral surface and tops. Poros-
ity coefficient was 2.5%, 4.0% and 5.8%, respectively for premium,
good and standard stoppers from 27-32 mm cork boards, and 2.4%,
4.0% and 5.5% for the premium, good and standard quality class
from 45-54 mm. In average, stoppers produced from the thinner
cork boards (calliper 27-32 mm) present less pores but with higher
average area and maximum pore area than the stoppers produced
from 45-54 mm.

The commercial quality classes of cork stoppers can be differenti-
ated by the mean values of the main porosity features of their sur-
face namely dimension and concentration variables, considering ei-
ther the lateral surface or tops. These features showed an increasing
trend from the best to standard quality class independently of the
corkboard calliper from which they were produced.

Due to the large sampling and the detailed observation the results
may be used for reinforcing quality requirements for the cork stop-
pers commerce i.e. definition of standards.

Keywords: natural cork stoppers, quality classes, corkboard
calliper, porosity, image analysis
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Study of the bonding of cork using
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Jorge MARTINS'#, Cristina COELHO', Jodo PEREIRA'?, Jodo FERRA?, Paulo
CRUZ?, Fernao MAGALHAES' and Luisa CARVALHO'#

1 Laboratory of Process, Environmental and Energy Engineering (FEUP), Porto, Portugal
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Portugal is the largest worldwide producer of cork and the cork
industry plays an important role in Portuguese economy. Cork is a
renewable and recyclable raw material and presents unique char-
acteristics as lightness, elasticity, fire resistance, impermeability, and
sound and thermal insulation. It is used in several products as stop-
pers, flooring, footwear components, sound control underlayment,
etc. In 2006 the Portuguese cork oak forest represented a carbon
sink of around 4.8 million tons.

Cork agglomerate composites use residues from cork stopper pro-
duction and it is a material of excellence in the field of Sustainable
Construction, mostly in flooring and wall applications. Cork agglom-
erate panels are a cork based sheet material manufactured from
cork particles bonded together with a synthetic resin adhesive un-
der a hot-pressing process. This process is quite complex as involves
simultaneous and coupled heat and mass transfer, polymerization
of the adhesive and forming. Therefore, mechanical, physical and
chemical interactions as compression, stress relaxation, softening
and distortion of cell wall structure, heat and mass transfer, phase
changes of water, as well as adhesive curing and adhesion takes
place within a pressing cycle. The dynamics of the strength devel-
opment influences production speed, energy consumption and
product quality. So, a better understanding of the cork particle — ad-
hesive interactions within cork composite mat is important for the
optimization and control of this operation.

This paper presents a new application for ABES (Automated Bond-
ing Evaluation System), a technique developed for determining the
rate of strength development of adhesives as they cure, in wood
lap shear joints. This equipment provides a quantitative means of
understanding the dynamics of bond strength development under
highly controlled conditions. It allows for accurate control of bond-
ing pressure, platen temperature, and bonding dwell time and good
alignment of the lap shear samples. To explore the reactivity of ad-
hesive-cork combination during hot-pressing, a new sample config-
uration was proposed. Isothermal bond strength development was
plotted as a function of time for several platen temperatures and
kinetic parameters were computed from these plot families, for each
type of adhesive. This technique seems to be appropriate to assess
the sensitivity of an adhesive/cork system to different process vari-
ables, enabling a quantitative screening of adhesives and operating
conditions in industrial context.

Keywords: cork composites, thermosetting resins, Automated
Bonding Evaluation System, resin cure
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Scavengers to reduce
formaldehyde emission from

wood-based panels

Nuno COSTA™?, Ana HENRIQUES ", Jodo PEREIRA', Nadia PAIVA'?, Jodo
FERRA®, Paulo CRUZ, Ferndo MAGALHAES', Jorge MARTINS', Adélio
MENDES' and Luisa CARVALHO'#

1 Laboratory of Process, Environmental and Energy Engineering (FEUP), Porto, Portugal
2 Association Network for Competence in Polymer, Porto, Portugal

3 EuroResinas — Industrias Quimicas, S. A, Sines, Portugal

4 Department of Wood Engineering, Polytechnic Institute of Viseu, Viseu, Portugal

Wood is a privileged way to stock CO2 in nature. During growth,
carbon dioxide (CO2) is removed from the environment and incor-
porated in wood structure. The use of wood as biofuel would release
carbon stoked during years. Stimulating the recycling of wood for
the production of wood-based panels, will prevent this carbon of
being released contributing for the carbon sequestration. Nowa-
days, particleboard industry uses 50 to 100 % of recycled wood; us-
ing wood-based products contributes to the global goal of green-
house gases emission reduction.

Urea-formaldehyde resins are still the most commonly used ad-
hesive to produce wood-based panels due to their high reactivity,
low cost and excellent adhesion to wood. Nevertheless, their main
disadvantage is the low resistance towards water and moisture,
especially at high temperature, thus promoting hydrolysis of ami-
nomethylene links and causing continuous formaldehyde released
from the panel. Due to the recent classification of formaldehyde by
the International Agency for research on Cancer (IARC) as “carcino-
genic to humans (Group 1)", companies are compelled to produce
low formaldehyde emission panels. Up to the present the reduc-
tion of formaldehyde to urea molar ratio was the common approach
used but the minimum usable limit has been already reached. Other
approaches were also applied with success as incorporating mela-
mine in resin polymeric structure. Another approach to reduce
formaldehyde emissions is using scavengers, but normally this ap-
proach is normally linked with the reduction of the physical proper-
ties of the panels. However, old panels presents itself formaldehyde
from adhesive used that will contribute to formaldehyde emission
of the new panels, reinforcing the used of formaldehyde scavengers.

The selection of chemical scavengers and process application are
variables with critical impact in the reduction of formaldehyde
emissions. The application of scavenger mixed with adhesive is the
simplest approach, but the premature reaction of scavenger with
formaldehyde penalises the cure reaction and therefore the physi-
co-mechanical properties. Is this work, different procedures for the
application of chemical scavengers are studied in order to under-
stand the relevant reactions and mechanisms that occur during the
hot-pressing. The main goal of this work is to find suitable systems
for producing wood-based panels using formaldehyde based resins,
with formaldehyde emissions at the same level as natural wood.

Keywords: \Wood-based panels, formaldehyde emissions,
formaldehyde scavengers, formaldehyde based resins

144

OP204

Eucalypt coppice management for
multiple-use in South Africa
Keith M LITTLE and Denis OSCROFT

Institute for Commercial Forestry Research, PO Box 100281, Scottsville, South Africa.
keith little@icfr.ukzn.ac.za; denis.oscroft@icfrukzn.ac.za

Eucalypts were introduced into South Africa late in the 19th century,
initially as a source of timber for the mining industry, but by the late
1980's they were most commonly planted for pulp. Due to the types
of buds found in eucalypts (epicormic buds and/or lignotubers),
most have the ability to regenerate coppice shoots after felling. De-
pendent on a number of criteria, the stepwise and selective thin-
ning of these coppice shoots can be used for the re-establishment
of commercial plantations. As such, all the past coppice manage-
ment research in South Africa was exclusively focused on maximiz-
ing timber volume production alone.

To supplement the quantity of timber required by the larger com-
panies for their pulp mills and/or chipping plants, additional timber
supplies have been obtained from rurally based, small-scale timber
growers that belong to various timber growing schemes. Although
the average size of each of their planted areas is small (1.5 ha), col-
lectively the large number of growers participating in these schemes
provides an important source of timber to the commercial compa-
nies. Besides supplying timber to the commercial companies, the
eucalypt coppice shoots/stems are also used by these small-scale
timber growers for fencing (droppers and poles), building (laths or
poles), or as a source of firewood. Thus, the management of these
stands is varied, with no consensus amongst the different growers
as to the best management practices for any specific product. It is
therefore critical to determine the most effective manner in which
coppice regrowth can be managed for multiple-use (fuel wood,
droppers, building material, wood for pulp, etc.) rather than focus-
ing on maximizing volume production alone.

In 2005, a trial was initiated in the sub-tropical region of Zululand,
South Africa, on a recently felled Eucalyptus grandis x E. camaldu-
lensis stand. Twelve different multiple-use management scenarios
were tested against a commercial control over the subsequent 6
years. The most appropriate coppice systems are highlighted that
include product-specific, as well as multiple-product options.

Keywords: building material; coppice; Eucalyptus; fencing
material; rural communities

The Recovery Rate and Lumber
Quiality of Two Lesser Utilized
Species (LUS) in Ghana: Essential
Technical Measures to promote LUS
Stephen Lartey TEKPETEY, F. Wilson Owusu, C.ESSIEN, and E. APPIAH-KUBI
Council for Scientific and Industrial Research , Forestry Research Institute of Ghana

Box 63, KNUST, Kumasi, Ghana.
Email address: stekpetey@csir-forig.org.gh

With the dwindling volumes of the primary species and the accept-
able'lesser used timber species due to overexploitation, there is scar-
city of timber supply for both domestic in Ghana and international



