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ABSTRACT

This study aims to evaluate the use of Hovenia dulcis wood to produce Edge Glued Panels - EGP.
To this end, joints with dimensions of 5.0 x 31.0 x 2.5 cm (Width x Length x Thickness) were
put together using polyvinyl acetate (PVAc) and emulsion polymer isocyanate (EPI) adhesives
at a spread rate of 200 g.m-? and the chemical characterization of the wood was performed.
The strength of glued joints was evaluated through shear tests based on the procedures described
by established standards. The results showed that the EPI adhesive achieved the best results in
edge gluing to produce EGP. The use of PVAc adhesive did not show satisfactory results for edge
gluing under these conditions. Hovenia dulcis wood is indicated for producing higher value-added
wood products - (VAWP) for external use purposes.
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1. INTRODUCTION

The forestry sector makes an important contribution
to the Brazilian economy, both in production for
domestic consumption and for export purposes,
with an important role in job creation and revenue
generation (IBA, 2014).

Due to the growing demand for forest products and
the constant concern with pressure on native forests,
there is a need to look for fast-growing species with
the potential to supply lumber/timber for forest-based
industries, such as wood used for manufacturing paper
and cellulose, energy, sawmills, and the furniture
industry, among others.

Among the non-conventional species that can supply
the forestry market, we can highlight Hovenia dulcis
Thunberg. This species belongs to the Rhamnaceae family,
originated in Japan, China and Korea, and popularly
known in Brazil as “uva-do-japdo” (Rigatto et al., 2001).

According to Vivian et al. (2011) and Motta et al.
(2014), Hovenia dulcis wood has a basic density ranging
from 0.51 to 0.65 g.cm™ and anisotropic factor of 1.50,
being classified as medium basic density wood with
good stability. This makes it an alternative for use in the
timber industry to manufacture flooring and furniture,
which are high value-added products.

The species has easy natural regeneration and
pioneering characteristics. Therefore, the species is
found in several regions such as in the Semi-deciduous
Seasonal Forest and the Mixed Ombrophylous Montana
Forest (Forest with Araucaria). There are currently
small plantings of the species established by seed or
seedlings in the states of Rio Grande do Sul, Santa
Catarina and Parand (Carvalho, 1994; Sellers, 1994).

Given the different uses of wood and the production
processes that generate environmental liabilities, and in
order to improve efficiency in the use of wood and its
residues, the best alternative is to produce new materials,
which are called Value-Added Wood Products (VAWP);
a category which includes edge glued panels (EGP)
(Bila, 2014). The wood sector currently presents great
product diversification, with a wide range of options
for adhesives and other materials in order to increase
the effectiveness and quality of the products obtained.

EGP, which stands for Edge Glued Panels, refers
to a set of battens which are glued laterally using an

adhesive, which may or may not be top-joined, and
have or not sheet coverings and backings (Iwakiri,
2005; IBA, 2014).

National production mostly uses pine wood,
however, edge glued panels made from hardwoods
are also found (IBA, 2014). Edge glued panels are used
in construction and furniture manufacturing due to
their decorative traits and structural characteristics
(Mattos et al., 2008).

Iwakiri (2005) reports that the advantage of making
panels with the use of small battens is the economic
return, considering that small pieces of sawmill waste
and trees with smaller diameters can be used. This is
already a developmental trend stemming from modern
sawing techniques which add value to byproducts
generated from mechanical wood processing.

In order to obtain a sturdy bond with maximum
efficiency, it is necessary for the adhesive to have the
ability to transfer tension from one substrate to another
without losing resistance or cohesion (Haubrich et al.,
2007).

Moreover, understanding the chemical properties of
wood is of paramount importance, as they may benefit
or impair the bonding of EGP panels, depending on
the type of extractive that is found in their composition
(Klock et al., 2005).

In this context, the objective of this study is to
determine the viability of Hovenia dulcis wood for
producing edge glued panels using two types of adhesives
(EPIand PVAc) through mechanical shear testing, in
addition to defining the chemical properties of both
the wood and adhesives.

2. MATERIAL AND METHODS

2.1. Material collection and manufacture of
the wood joints

In order to perform this study, 16 logs were obtained
from five Hovenia dulcis trees with a mean diameter of
23 cm, commercial height of 8.25 m and an average age
of 18 years. The logs were sawn on a horizontal band
saw to obtain 25 mm thick, 1800 mm long planks with
widths according to the diameter of the logs.

The boards were dried in a conventional drying

chamber to achieve a moisture content of 12%. They were
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subsequently re-sawn and flattened to obtain pieces with
final dimensions of 5.0 x 2.5 x 31.0 cm (H x T x W)
for manufacturing glued joints.

Bonding was carried out in a high frequency press for
90 seconds, and two types of adhesives were evaluated:
EPI (isocyanate polymer emulsion base) and PVAc
(polyvinyl acetate base), with a spread rate/weight of
200 g.m? and homogeneous distribution throughout the
batten. After conditioning in a controlled environment at
20 +1°Cand 65 + 3% relative humidity, test specimens
were prepared for the shear resistance tests along the
glue line, according to the standard recommendations
of the American Society for Testing and Materials —
ASTM D-5572 (ASTM, 1999).

2.2. Edge glue line resistance

Wet and dry treatments were performed to determine
shear resistance along the glued edge according to
the EN 13354 (EN, 2009) recommendations for both
evaluated adhesives, with 30 replications being used
for each treatment, totaling 120 specimens tested.

2.3. Physical and chemical characterization of
the wood

The basic density and chemical properties of the
wood were determined using 5-cm thick cross-section
discs from the apical (top), average (DBH - diameter
at breast height) and basal portions of the felled trees.
These were sawn into wedges equivalent to % of the
total of each disc.

Samples without any failures/defects were selected
to determine the basic density, totaling 43 specimens,
and the experimental procedures were performed
according to the recommendations of the ASTM
D-2395 (ASTM, 1999).

For the chemical characterization, the discs were
transformed into woodchips, which were then reduced
into sawdust by a Wiley-type knife mill. Sawdust
was subsequently classified using manual sieves; the
fractions that passed through the 40 mesh sieve and were
retained in the 60 mesh sieve were used to determine
the chemical components, according to the TAPPI T
264 om-07 (TAPPI, 1997a) standard.

After classification, the percentage of absolutely dry

material was determined in order to make the proper

corrections during analysis. Each analysis was conducted
in triplicate, and a new analysis was performed when
the values diverged by more than 2%. The chemical
analyses were: pH and Electrical Conductivity of
Hot Water Extracts - TAPPI T 252 om-12 (TAPPI,
2002a); Solvent Extractives of Wood and Pulp - TAPPI
T 204 cm-07 (TAPPI, 1997b); Acid-Insoluble lignin
in wood and pulp - TAPPI T 222 om-15 (TAPPI,
2002b); Ash in wood, pulp, paper and paperboard:
combustion at 525 °C - TAPPIT 211 om-12 (TAPPI,
2002c¢); holocellulose content - determined by difference,

including ash content.

2.4. Adhesive properties

The pH of the PVAc and EPI adhesives was
measured directly by the calibrated pH meter, which
gives the results based on the usual 0 to 14 pH range,
with the adhesives at a temperature of 25 °C and five
replications for each adhesive (EN, 2001a).

To obtain viscosity, the adhesives were stabilized
at a temperature of 25 °C. Next, the readings were
made using rods 3 and 4 of the viscometer apparatus
at speeds of 2, 3, 10 and 20 rpm. The average viscosity
of the adhesives was then calculated from the results
obtained (EN, 2001b).

In order to determine adhesive solid content, 1g of
adhesive was weighed using five samples per adhesive,
which were then placed in an oven for a four-hour
period at 105 °C. The results were obtained by mass
difference (EN, 2005).

2.5. Analyzing and evaluating the results

A completely randomized design with a factorial
arrangement was used to compare the results for the
glue line resistance in which the following factors
were analyzed: adhesive (two levels), pre-treatment
(two levels) and the interaction between these factors.
First, normality and data distribution (Lilliefors test)
tests and homogeneity of variances test (Bartlett and
Cochran test) were performed. The Tukey test at
5% probability was used for significant factors and
interaction was detected by the F test. The mean test
is necessary to group the levels of each factor, thereby

evidencing the equality or not of the hypothesis.
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3. RESULTS AND DISCUSSION

3.1. Physical and chemical wood properties

The basic specific mass of Hovenia dulcis wood was
0.58 g cm-°. According to the classification suggested
by Carvalho (1996), this species can be classified as
moderately heavy wood, a classification similar to that
suggested by the Brazilian Institute of Environment
and Renewable Natural Resources (IBAMA, 2014).

In analyzing the Hovenia dulcis wood, Rigatto et al.
(2001) obtained a basic density value of 0.55 g.cm->.
Motta et al. (2014) found values between 0.52 and
0.65 g.cm™ analyzing wood from Espirito Santo of
indeterminate age. Bednarczuk (2015) found values
ranging from 0.50 and 0.57 g cm™ for sapwood and
heartwood at 14 years, respectively. This shows that
the values obtained for the basic density of the wood
in the present study corroborate those described in
the literature (Table 1).

The basic density of the wood is of fundamental
importance for the choice of the adhesive, since
according to Kollmann & Cote (1968) it has an inverse
relationship with porosity and adhesive penetration.
Sellers (1994) countered that, depending on the adhesive
and the specific mass of the material to be bonded,
the penetration in the wood can vary from three to
five cells, filling the cellular cavities and covering the

internal walls.

In evaluating bonded joints of Eucalyptus wood,
Plaster et al. (2012) found that wood with greater basic
density has greater difficulty in adhesion. The authors
also reported that high density wood has less adhesive
penetration, in addition to greater loss by the edges of

the piece to be glued, causing a less effective glue line.

In relation to the pH of the wood (Table 1), it can be
observed that the values obtained for the 2 and 24 hour

intervals (6.53 and 6.95 respectively) are close to and
corroborate with the hydrogenation potential for
hardwoods, as described by Iwakiri (2005). On the other
hand, the total extractives content found in Hovenia
dulcis wood (5.11%) was lower than that described by
Rigatto et al. (2001) and Miranda et al. (2013), being
7.0 and 14.5%, respectively.

Determining the extractives in wood whose
purpose is adhesion is of fundamental importance,
as these inorganic components present in the cellular
wall can help or hinder the gluing process, having
a direct influence on pH (Sellers, 1994; Lima et al.,
2007). The proportion and type of extract present may
cause interference in the polymerization reactions
of the adhesive, or a reaction between the adhesive
and the extractive agent. In general, wood with high
levels of extractives present difficulties in bonding
(Jankowsky, 1988).

Regarding the extractive content of Hovenia dulcis
wood, the value obtained of 5.11% is considered low
when compared to species like Eucalyptus grandis
and Tectona grandis. In evaluating the influence of
the anatomical characteristics and the total extractive
content in Eucalyptus grandis wood on the quality of the
bonding, Albino et al. (2012) showed that the extractive
content in the region of the pith and on top of the log
were 6.10% and 7.98%, respectively. Loiola (2015)
analyzed the drying of teak wood (Tectona grandis L. f)

and found total extractive values of 11.13%.

Through these results, we can affirm that H. dulcis
wood presents better acceptance for surface finishing
products such as varnishes, sealants and paints when
compared to the species E. grandis and T. grandis, since
the excessive quantity of extractives can negatively
influence this factor. Thus, when it comes to finishing
wood flooring surfaces, we can consider a low extractive

content in the wood a positive characteristic.

Table 1. Physical and chemical properties of Hovenia dulcis wood.

Hovenia
dulcis
Mean 0.58 6.53
SD 0.05 0.35
CV (%) 8.70 5.37

6.95
0.29
4.24

Tota.l Lignin Holocellulose
extractives

5.11 26.63 67.35

0.68 1.98 -

13.29 7.45 -

SM

basic

: basic density; SD: Standard deviation; CV(%):coefficient of variation (%).
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3.2. Adhesive properties

Table 2 shows the solid content, viscosity and pH
values for EPI and PVAc adhesives.

We observed (Table 2) that the solid content (%)
was higher for the emulsion polymer isocyanate (EPI)
based adhesive with an average value of 59.55%, while
the polyvinyl acetate-based adhesive (PVAc) had a solid
content of 45.20%. According to Iwakiri (2005), solid
content in adhesives leads to more components that form
adhesive bonds to the substrate there by benefiting the
bond. This property is of utmost importance in wood
bonding because the amount of adhesive that actually
remains to form the glue line is determined by it. Marra
(1992) states that the solids acquire different properties
and assume a new role after adhesive solidification.
Cohesion occurs during bonding, causing the solid
content to become a bonding mechanism between the
two surfaces, thus acquiring strength and durability.

Bianche (2014), as well as Marcati & Della Lucia
(1996) found similar values for the solid content of the
PVAc adhesive to those observed for H. dulcis - 45%
and 48.56%, respectively.

Almeida (2013) evaluated the potential of tropical
wood waste to produce edge glued panels and obtained
57.82% solid content for EPI, which is also similar to
that found in this study.

A high solid content contributes to the quality of
the glue line due to the greater amount of solid material,
improving adhesion between the wood and the adhesive
(Bianche, 2014).

Regarding the adhesives’ viscosity, EPI and PVAc had
viscosity values of 11,134.10 and 3,039.10 cP, respectively.
Bianche (2014) obtained 9,430 cP for PVAc viscosity in
evaluating the wood-adhesive interface and the strength
of bonded joints with different adhesives. The viscosity
value found in this study was significantly lower than
the value obtained by that author. Almeida (2013) found
average viscosity values of 5,700 and 10,080 cP for PVAc
and EPI adhesives, respectively. The author states that
variations in viscosity are very common due to naturally

Table 2. EPI and PVAc adhesive properties.

Adhesive Adhesive
properties EPI PVAc
Solid content (%) 59.55 45.20
Viscosity (cP) 11134.40 3039.10
pH 6.60 3.01

occurring changes in the adhesives over time and due
to exposure to air during the research development.

Low viscosity adhesives result in better scattering on
the surface of the wood due to high fluidity, contributing
to greater adhesive penetration and absorption by the
cellular structure. However, in some cases this feature may
result in a “hungry” glue line, leading to an insufficient
amount of adhesive along the glue line.

In analyzing the pH obtained in both adhesives used, it
was observed that the values found are within the range of
2.5to 11 presented by Iwakiri (2005), as alimit so that the
adhesive does not cause degradation of the wood fibers.
According to Marra (1992), pH control during adhesive
production is one of the most important functions of
quality control, since it defines the speed and degree of
reactions and the configurations of the molecules. It can
also indicate the viability of the adhesives.

3.3. Edge glue line resistance

Table 3 shows the mean maximum tension values
(MPa) and the fifth lower percentile of the resistance
(MPa) of the edge gluing to the shear in Hovenia dulcis
wood.

It is worth noting that the values met the EN 13353
(EN, 2008) requirements, which also require that the
minimum value of the lower 5 percentile of the panels
is greater than or equal to 2.5 MPa. Regarding the EPI
adhesive, the tests performed in wet and dry conditions
had acceptable values for the 5% percentile, with the
highest value corresponding to the dry test (9.08 MPa).
The edge gluing tests with the PVAc adhesive did not
meet the EN 13353 (EN, 2008) standard, since they
presented values of 0.70 MPA and 1.40 MPa for wet
and dry treatments, respectively, which are lower than
what is required by the standard (2.50 MPa).

No treatment met the requirements of EN 13353
(EN, 2008) for wood failure, which should be greater
than 40%. In studying six species of the genus Pinus,
Prata (2010) also found no wood failure values that
satisfied this norm. The author also reported wood
failure with specific mass, proving that there is a strong
relationship between these variables; meaning that an
increase of the apparent specific mass will lead to a
decrease in the percentage of wood failure.

Bila (2014) adds that when the wood failure percentage
ranges between 0% - 25%, it indicates low adhesive
strength and/or deficiency in the bonding process,
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Table 3. Shear resistance of Hovenia dulcis wood along the gluing edge.

5t Percentile

Max. tension (MPa)

Wood failure (%)

Pre-treatment (MPa)
EPI PVAc EPI PVAc
12.60 aA 6.33 aB .
Dry (16%1203) (290 45.88) 16.04 0.5 9.08 1,40
443 bA 1.90 bB .
i (1.05;23.60)  (0.85; 44.87) 65 05 3.09 0.70
F 32.58%*

Averages followed by the same uppercase letter in the line, or lowercase letters in the column do not differ by Tukey test (p>0.05).
Values in brackets correspond to standard deviation and coefficient of variation respectively. **Significance at 1% probability of
error; *Values that met the minimum requirement according to standard EN 13353 (EN, 2008). Values in parentheses correspond to

standard deviation and coeflicient of variation (%), respectively.

such as a smooth surface, low applied weight/adhesive
spread rate, or high surface moisture, among others.
A percentage between 50% - 70% indicates a more
suitable bonding process and adhesive properties, while
75% to 100% represents stronger adhesive properties.

Itis also noted that a statistical difference was obtained
for ANOVA at 1% probability for interaction with the
edge gluing resistance to shearing, thus allowing us to
affirm that there were differences between the adhesives
used in pre-treatment for use in dry conditions and
after pre-treatment for use in wet conditions.

Additionally, according to Table 3, we can emphasize
that the dry treatment of the EPI adhesive had the best
shear resistance result (12.60 MPa), while the wet test
of the PVAc adhesive had the lowest result for the same
analysis (1.90 MPa).

The EN 204 (2001) guideline determines that
maximum tension be greater than or equal to 2.5 MPa
for the wet treatment of edge gluing, while EN 13353
(EN, 2008) standard determines a value greater than
or equal to 10 MPa for the dry treatment. Thus, we
observe that only the EPI adhesive met the requirements
determined by these norms.

Iwakiri et al. (2013) found higher values than the
present study’s values of 9.04 MPa for shear resistance
using Eucalyptus benthamii and PVAc adhesive.
Plaster et al. (2012) used eucalyptus and PVAc adhesive,
and found an unfavorable performance for shear
resistance along the glue line.

4. CONCLUSIONS

Hovenia dulcis wood is recommended for the
production of higher value-added wood products
intended for external uses. It is possible to use EPI

adhesive for the edge gluing of Hovenia dulcis panels,
considering that it has good shear resistance in both
wet and dry environments. PVAc adhesive did not
obtain the results required by the EN 13353 (EN, 2008)
standard for wet and dry conditions.
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