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Abstract

This study aimed to evaluate the shear strength of bonded wood joints of Eucalyptus camaldulensis and
Eucalyptus urophylla with vinyl polyacetate (PVVA) and isocianate polymeric emulsion (EPI) adhesives
with the amount of glue of 150 and 180 g/m2. The specimens were submitted to shear tests in dry and
wet conditions, based on the procedure described in standard EN 13354 (2008). The results of the 5th
lower percentile were compared with the requirements of EN 13353 (2008). Among the studied species,
Eucalyptus camaldulensis showed better glue line shear strength when compared to Eucalyptus
urophylla. However, both species are potentially viable for the edge glued panel (EGP) production,
since they meet the minimum requirement of 2.5 MPa, referring to the 5th lower percentile, as
established by EN 13353-2008 standard. Based on the results, it is recommended the use of EPI
adhesive with the amount of glue of 150 g/m? for the bonding of the wood of these species, aiming at
the production of EGP.

Keywords: Adhesives; vinyl polyacetate; isocianate polymeric emulsion.

Resumo

Utilizacdo da madeira de Eucalyptus camaldulensis e Eucalyptus urophylla para produgao de painéis
de colagem lateral. O objetivo deste trabalho foi avaliar a resisténcia ao cisalhamento das juntas coladas
de madeiras de Eucalyptus camaldulensis e Eucalyptus urophylla com adesivos poliacetato de vinila
(PVA) e emulsdo polimérica de isocianato (EPI) com gramaturas de 150 e 180 g/m2. Os corpos-de-
prova foram submetidos aos ensaios de cisalhamento nas condigdes a seco e a imido, com base nos
procedimentos descritos na norma EN 13354 (2008). Os resultados do 5° percentil inferior foram
confrontados com os requisitos da norma EN 13353 (2008). Entre as espécies estudadas, o Eucalyptus
camaldulensis apresentou melhor resultado de resisténcia da linha de cola ao cisalhamento em
comparacdo ao Eucalyptus urophylla. Entretanto, ambas as espécies sdo potencialmente vidveis para
producéo de painéis de colagem lateral (EGP) por terem atingido o requisito minimo de 2,5 MPa,
referente ao 5° percentil inferior, conforme estabelecido pela norma EN 13353-2008. Com base nos
resultados, pode-se recomendar o uso do adesivo EPI com gramatura de 150 g/cm? para a colagem da
madeira destas espécies, visando a producdo de painéis EGP.

Palavras-chave: adesivos; poliacetato de vinila; emulséo polimérica de isocianato.

INTRODUCTION

The planted forests of Eucalyptus in Brazil comprise an area of 5.6 million hectares, being several
species already used commercially for the production of cellulose and paper, charcoal, particleboard and
fiberboard (ABRAF, 2013).

Among the less used species in commercial plantations, Eucalyptus camaldulensis and Eucalyptus
urophylla, deserve special attention due to their silvicultural potential and the good characteristics of their
wood. The E. camaldulensis stands out by the resistance to rot and high density of the wood — about 0.90
g/cmd. Boland et al. (2006) describe the wood of E. camaldulensis as high density, and according to
physiscist-mechanical properties, it is used in heavy construction, railway ties, floors, structural beams,
fences, turned wood, in the production of firewood and coal, and in the manufacture of plywood.

The Eucalyptus urophylla is a species that presents great growth potential in terms of planted area
due to the good productivity and quality of its wood. It presents an average basic density of 0.56 g/cm3,
with possibilities of use for the most diverse purposes, such as cellulose and paper, hard plates, sawmills
and charcoal (JUNIOR and GARCIA, 2004).
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The use of wood in the form of saws presents some limitations, such as dimensions, anisotropy
and natural defects, which affect its physical and mechanical properties. By means of gluing woods with
adhesives, it is possible to manufacture reconstituted wood products with larger dimensions, greater
dimensional stability and better distribution of mechanical resistance, with gains in quality and better cost-
effectiveness (IWAKIRI, 2005).

Among the reconstituted wood products, there is the Edge glued panel — EGP. The EGP is a panel
composed of slats obtained from sawn wood and joined by side gluing, which may or may not be joined at
the top by finger joints (TIENNE et al., 2011). In the production of EGP panels two types of adhesives are
used, the polyvinyl acetate (PVA) and the polymer isocyanate emulsion (EPI).

PVA is the result of the polymerization of vinyl acetate and, according to Iwakiri (2005), this
adhesive is popularly known as "white glue", being widely used by the wood industry and furniture for
interior use. The product bonded with PV A presents high mechanical strength in dry environment, however,
it has limitations of use in environments with high temperatures and relative humidity (P1ZZI, 1983).

EPI is a bicomponent adhesive, consisting of a base of polyvinyl acetate and a polymeric
isocyanate (diphenylmethane diisocyanate — MDI). This one has the function of catalyzing the adhesive
curing reaction that occurs through the reaction of the isocyanate groups with the hydroxyls of the wood.
Due to the high reactivity, the application time must be adjusted according to the manufacturer's
recommendation (P1ZZI, 1983).

The bonding of two pieces of wood depends on several factors, such as its anatomical structure,
specific mass, and porosity. Iwakiri (2005) reports that the anatomical properties of wood are directly
related to the mobility of the adhesive to the interior of the wood structure and the formation of bonding
hooks between the bonding faces. The porosity has an inverse relationship with the specific mass, i.e., wood
with specific high mass has less voids and, consequently, it hinders the penetration of the adhesive into the
wood, reducing the anchorage and resulting in the low adhesion.

The amount of adhesive (weight) in forming the glue line between two pieces of wood is one of
the specific parameters to promote good bonding. According to Fonte and Trianoski (2015), when the
weight is lower or higher than the ideal, the strength of the bonded product is considerably altered. Very
low weights imply lower resistance due to insufficient adhesion and anchoring. Higher grammages increase
the opening time and pressing time and may also promote waste by spilling the excess of adhesive around
the edges of the panels, resulting in economic losses (MARRA, 1992). Iwakiri et al. (2014) state that the
range of weights most used by industries vary from 180 to 220 g/mz2.

In order to evaluate the potential of some eucalyptus species for the production of edge glued
panels — EGP, this paper has the aim of analyzing the resistance of bonded joints of Eucalyptus
camaldulensis and Eucalyptus urophylla woods made with PVA and EPI adhesives in two weights.

MATERIAL AND METHODS

Wood of Eucalyptus camaldulensis and Eucalyptus urophylla aged 16 years old, from plantations
located in the Municipality of Corupd, State of Santa Catarina, Brazil, were used in this research.

Three trees were collected per species, which were sectioned into logs and transformed into planks.
After drying, at the average humidity content of 12%, the panels were unfolded and planed in slats with
final dimensions of 22 (thickness) x 55 (width) x 310 mm (length). The apparent specific masses of wood
of the two species were determined from these slats.

Polyvinyl acetate (PVA) adhesives with a viscosity of 3,000 cP, pH 4.5 and 45% solids content
and isocyanate polymer emulsion (EPI) with a viscosity of 5,500 cP, pH of 8.0 and solids content of 42%,
were used for bonding the slats according to specifications provided by the manufacturer.

The adhesive was applied manually with a brush on one side of the slats in the weights of 150 g/m2
(PVA) and 180 g/m2 (EPI), controlled by weighing on a digital scale. The slats were glued in pairs with the
application of specific pressure of 6.5 kgf/cm2. The pressing time was two hours for the PVA and one hour
for the EPI. The experimental design consisted of two species, two patches and two weights, totaling 12
treatments, as presented in Table 1.

Table 1. Plano experimental.
Table 1. Experimental plan.

Pressing time

Treatment Species Sticker Weight (g/m?) (hour)
T1 150 2
T2 Eucalyptus PVA 180 2
T3 camaldulensis 150 L
T4 EPI 180 1
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T5 150 2
T6 PVA 180 2
T7 Eucalyptus urophylla 150 1
T8 EPI 180 1
T9 150 2
T10 E. camaldulensis PVA 180 2
T11 and 150 1
T12 E. urophylla EPI 180 1

After pressing, the glued joints were packed in the climatic chamber at a temperature of 20+3 °C
and relative humidity of 65+5%. Subsequently, samples were collected for shear tests of glue strip, which
occurred in the EMIC brand machine, model DL 2000, in dry (after air conditioning) and wet conditions
(after immersion in water at a temperature of 20+3 °C for 24 h), according to the procedures described in
standard EN 13354 (2008). The results were compared with the minimum requirement to the 5th inferior
percentile, according to standard EN 13353 (2008). After the shear tests, the percentages of failure in the
wood at the glue strip rupture surface were evaluated.

The statistical design was completely randomized with factorial arrangement of 2 x 2 x 2 for
species, adhesive, and weight. Initially, the variances of treatments were evaluated by their homogeneity
through the Bartlett test and, then, were submitted to analysis of variance and Tukey test for comparison of
averages, at the 95% probability level. Statistical tests were performed from the statistical package
Statgraphics XVII.

RESULTS
Density of Eucalyptus camaldulensis and Eucalyptus urophylla wood

Table 2 shows the average, minimum and maximum values for apparent density of Eucalyptus
camaldulensis and Eucalyputs urophylla wood.

Tabela 2 Densidade aparente da madeira das espécies estudadas.
Table 2. Apparent wood densities of the studied species.

Density E. camaldulensis E. urophylla
Average (g/cm3) 0.824 0.717
Minimum (g/cm3) 0.646 0.528
Maximum (g/cm?3) 0.983 0.931
Coef. Variation (%) 10.84 17.51

The average value of the apparent density of Eucalyptus camaldulensis wood was 0.824 g/cm? and
0.717 g/cm? for Eucalyptus urophylla.

Shear strength of bonded joints — dry test

Table 3 shows the results of shear strength of the bonded joints and percentage of failure in the
wood for dry pre-treatment.

Tabela 3 Resultados médios dos ensaios das juntas coladas - teste seco.
Table 3. Average results of shear test of bonded wood joints - dry test.

TR Species AD GRA - g/m? fv - MPa FM -%
14.66 ab
T1 150 (15.28). 31
T PVA 180 14,84 a 69
(15.18).
Eucalyptus 9.18d
T3 camaldulensis 150 (33.12). 31
EPI 11.58 bed
T4 180 (20.54). 20
10.93 cd
IE Eucalyptus PVA 150 (26.68). 42
T6 urophylla 180 11.38 cd 42
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(23.32).

T7 150 1(325212‘;’0 50
T8 EPI 180 1(225703;’0 55
T9 150 (g'g_ég) 72
10 E. camaldulensis A 180 1(112122(;:)d 65
il E. uf:)npdhylla 150 1%1?6%():(1 53
T12 EPI 180 1(21'3.5522(: 40

TR: treatment; AD: adhesive; GRA: weight; fv: shear strength; FM: failure in the wood. Averages followed by the same letter in the
column are statistically equal to each other at the 95% probability level; values in brackets refer to the coefficient of variation.

The average values of shear strength in the dry tests varied from 9.18 MPa for bonded joints of E.
camaldulensis with 150 g/m? of EPI adhesive (T3) and 14.84 MPa for bonded joints of the same species
with 180 g/m? of PVA adhesive (T2). Statistically significant differences were observed between treatments
for different species, adhesives and weights.

As for the percentage of wood failures, there was a great amplitude in the results obtained. Values
ranged from 20% for bonded joints of E. camaldulensis with 180 g/m? of EPI adhesive and 72% for bonded
joints of E. camaldulensis and E. urophylla with 150 g/m2 of PVA adhesive.

The results of the factorial analysis for dry pre-treatment, presented in Table 4, indicated
statistically significant differences between the two species studied and a combination of these. E.
camaldulensis presented the highest mean value among the treatments, followed by E. urophylla and the
combination of the two species.

Tabela 4 Efeito da espécie na resisténcia ao cisalhamento - teste seco.
Table 4. Effect of the specie in the shear strength - dry test.

Species Shear Strength (MPa)
E. camaldulensis 13.97 a
E. urophylla 11.66 a
E. camaldulensis and E. urophylla 10.40 a

Averages followed by the same letter in the column are statistically equal to each other at the 95% probability level; values in brackets
refer to the coefficient of variation.

Table 5 shows the results of the factorial analysis for the effects of the adhesive and weight for dry
pre-treatment.

Tabela 5 Efeito do adesivo e gramatura na resisténcia ao cisalhamento - teste seco.
Table 5. Effect of adhesive and amount of glue in the shear strength - dry test.

Adesive Shear Strength (MPa)
PVA 12,02 a
EPI 11.84a
Weight (g/m?) Shear Strength (MPa)
180 12.44 a
150 11.39a

Averages followed by the same letter in the column are statistically equal to each other at the 95% probability level;

The results of the factorial analysis for the effects of the adhesive type indicated statistical
similarity between the averages obtained for the PVA and EPI adhesives. Regarding the effects of weight,
the factorial analysis indicated a statistically superior average for bonded joints with a weight of 180 g/m?
in relation to the weight of 150 g/m2.

Shear strength of bonded joints - humid test

Table 6 shows the results of shear strength of the glue strip and percentage of failure in the wood
and 5° inferior percentile for humid pre-treatment.
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Tabela 6 Resultados médios dos ensaios de cisalhamento das juntas coladas - teste Gmido.
Table 6. Average results of shear test of bonded wood joints — humid test.

TR Species AD Ggl/?rﬁ\z fv - MPa FM -% 5P1-MPa
6.18 bcd
T1 150 (0.22) 1 3.86
T2 PVA 180 6?(? ;‘g)‘:d 0 4.89
Eucalyptus 5 56‘ abcd
T3 camaldulensis 150 (0.23) 5 4.61
EPI 6.59 abcd
T4 180 (0.23) 1 450
494d
T5 150 (0.20) 2 3.52
T6 PVA 180 5(5 gg)d 4 3.17
Eucalyptus 3 (')7 q
T7 urophylla 150 (0.22) 9 6.62
EPI 7.97 aB
T8 180 (0.21) 18 7.38
6.01 becd
T9 150 (0.21) 7 4.69
PVA 6.36 abcd
10 E. camaldulensis 180 (0.19) 16 4.45
and 7.72 aB
Ti1 E. urophylla 150 (0.13) 13 6.01
EPI 7.56 abc
T12 180 (0.25) 5 4.06

TR: treatment; AD: adhesive; GRA: weight; fv: shear strength; FM: wood failure; 5PI: 5th inferior percentile. Averages followed by
the same letter in the column are statistically equal to each other at the 95% probability level; values in brackets refer to the coefficient
of variation.

The average values of shear strength in humid tests varied from 4.94 MPa for bonded joints of E.
urophylla with 150 g/m2 of EPI adhesive (T5) and 8.07 MPa for bonded joints of the same species with 150
g/m? of PVA adhesive (T7). Statistically significant differences were observed between treatments for
different species, adhesives and weights.

As for the percentage of failure in the wood, the values obtained after humid pre-treatment were
very low, having glue strip detachments for most treatments.

The 5th inferior percentile is an important parameter for assessing the quality of bonded joints
after humid pre-treatment. The values obtained in this study ranged from 3.17 to 4.89 MPa for PVA
adhesive and from 4.06 to 7.38 MPa for EPI adhesive.

The results of the factorial analysis for humid pre-treatment, presented in Table 7, indicated
statistically significant differences between the two species studied and a combination of these. E.
camaldulensis showed a statistically higher average in relation to E. urophylla and equal to the combination
of these species.

Tabela 7 Efeito da espécie na resisténcia ao cisalhamento - teste Umido.
Table 7. Effect of the specie in the shear strength - humid test.

Species Shear Strength (MPa)
E. camaldulensis 7.16a
E. urophylla 6.47 ab
E. camaldulensis and E. urophylla 6.38 b

Averages followed by the same letter in the column are statistically equal to each other at the 95% probability level;

Table 8 shows the results of the factorial analysis for the effects of the adhesive and weight for
humid pre-treatment.

Tabela 8 Efeito do adesivo e gramatura na resisténcia ao cisalhamento - teste imido.
Table 8. Effect of adhesive and amount of glue in the shear strength - humid test.
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Adesive Shear Strength (MPa)

PVA 7.22 a
EPI 6.13 b
Weight (g/m?) Shear Strength (MPa)
180 6.72 a
150 6.58 a

Averages followed by the same letter in the column are statistically equal to each other at the 95% probability level;

The results of the factorial analysis for the effects of the adhesive type indicated higher statistical
average to the EPI adhesive in comparison to PVA. Regarding the effects of weight, the result of the
factorial analysis did not indicate a significant difference between 150 g/m? and 180 g/m2.

DISCUSSION
Density of Eucalyptus camaldulensis and Eucalyptus urophylla wood

The results obtained were higher than those mentioned by Lorenzi (2002) for commercially used
eucalyptus species, such as: Eucalyptus grandis, Eucalyptus urograndis and Eucalyptus saligna, whose
values were respectively 0.478, 0.502 and 0.462 g/cm?.

According to the same authors, wood with a density below 0.5 g/cm3, from 0.50 g/cm?3 to 0.72
g/cm3 and above 0.72 g/cm? are classified, respectively, as low, medium and high density. Therefore, the
wood of E. camaldulensis can be classified as high density, and of E. urophylla, as medium to high density.

It should be noted that the species most used in the production of EGP panels in Brazil are of low
and medium density, as shown below: Tectona grandis (0.48 to 0.64 g/cm3), Pinus elliottii and Pinus taeda
(0.32 to 0.34 g/cm?) and Eucalyptus grandis (0.39 to 0, 51 g/cm®) (LOBAO et al., 2011).

Shear strength of bonded joints - dry test

The results of shear strength of bonded joints obtained for the two species of Eucalyptus and a
combination of these trees were compatible with those presented in the literature for eucalyptus, pinus and
some tropical wood species glued with PVA adhesive. Iwakiri et al. (2013) found, for wood of Eucalyptus
benthamii an average shear value of 9.04 MPa. Endo et al. (2017) obtained for wood Pinus taeda values
between 5.12 and 5.55 MPa. Bila et al. (2016) found five species of tropical wood (Eschweilera coriacea,
Manilkara amazonica, Protium puncticulatum, Inga paraensis and Byrsonima crispa) containing values
between 2.24 and 8.45 MPa.

Regarding the joints bonded with EPI adhesive, Bila et al. (2016) found five species of tropical
wood (Eschweilera coriacea, Manilkara amazonica, Protium puncticulatum, Inga paraensis and
Byrsonima crispa) containing values between 6.85 and 14.38 MPa. Campelo et al. (2017) found, for Genipa
americana wood, average value of 6.43 MPa.

The percentages of failure in the wood present great amplitude as a function of species and glue
facets related to the growth direction of the tree. In this study, the two eucalypt species had an average
density higher than 0.60, being not necessary to evaluate the values obtained, according to the specifications
described in standard EN-13354-2008. Plaster et al. (2008) founded for wood-bonded joints of Eucalyptus
spp. with PVA adhesive the percentage of 26% to 91%. Bila et al. (2016) founded for wood-bonded of six
species of tropical woods with EPI adhesive percentages of failures in the range of 18% to 75%.

The lower wood density of E. urophylla did not contribute to greater absorption of the adhesive
and consequent increase in the resistance of the adhesive bonding of the bonded joints.

Several authors, among them Bila et al. (2016) found higher values of shear strength for bonded
joints with EPI adhesive compared to PVA bonded joints.

The increase in the strength of bonded joints, for larger adhesive weights, was also observed by
Iwakiri et al. (2015a) for woods of Japanese cryptomeria and Sequoia sempervirens.

Shear strength of bonded joints - humid test

The results obtained in the humid tests for the two species of Eucalyptus and a combination of
these trees were satisfactory in relation to those presented in the literature for Pinus woods and some species
of tropical woods, bonded with PVA and EPI adhesives. Endo et al. (2017) obtained for wood Pinus taeda
bonded with PV A values between 3.36 and 5.36 MPa. Iwakiri et al. (2016) found for the woods of Protium
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puncticulatum and Dinizia excelsa, average shear values of 5.01 and 5.07 MPa for PVA and 3.14 and 4.11
MPa for EPI, respectively. Results of humid tests for eucalyptus-bonded joints were not found in the
literature.

As for the percentage of failure in the wood, the values obtained after humid pre-treatment were
very low, however, the standard EN-13354-2008 does not establish a minimum requirement for wood with
a density higher than 0.60 g/cm3. Detachments were observed in the glue strips for most treatments. As a
reference, Iwakiri et al. (2015b) found for wood glued joints of Inga alba and Swartzia recurve, the
percentage of wood failure of 2.0 to 3.0% for PVA adhesive and 3.0 to 32.33% for EPI.

The 5th inferior percentile is an important parameter for assessing the quality of bonded joints
after humid pre-treatment. The values obtained in this study were higher for bonded joints with EPI,
indicating that this adhesive is more resistant to humidity in comparison to PVA.

All treatments met the minimum requirement of 2.5 MPa, established by EN 13353-2003. As a
reference, Iwakiri et al. (2005a) found, for wood-bonded joints of Cryptomeria japonica and Sequoia
sempervirens, values of 5th inferior percentile after humid pre-treatment in the range of 1.44 to 180 MPa
for PVA adhesive and 3.78 to 5.35 MPa for EPI. Based on these references, the 5th inferior percentile
values obtained in this study can be considered satisfactory.

E. camaldulensis showed a statistically higher average in relation to E. urophylla and equal to the
combination of these species. However, even with higher density, these species had better shear results of
the bonded joints in the humid trials compared to the lower density species, according to the references
presented previously.

Comparisons between the two types of adhesives indicated the superiority of EPI to PVA. Iwakiri
et al. (2016) and Campelo et al. (2017) also obtained higher values of shear strength for joints bonded with
EPI adhesive in relation to PVA bonded joints.

Regarding the effects of weight, it was not observed a significant difference between 150 g/m? and
180 g/m2. This result indicates the possibility of consuming a lesser amount of adhesive in the production
of EGP panels with the wood of these species of Eucalyptus. Similar results were obtained by Campelo et
al. (2017) and Iwakiri et al. (2016) for effects of weight of bonded joints strength.

CONCLUSIONS

e The wood of Eucalyptus camaldulensis and Eucalyptus urophylla have high apparent density,
however, this characteristic did not contribute to reduction of the shear bond strength of the bonded
joints, as a consequence of the lower porosity and greater difficulty in the penetration of the adhesive
in the subsurface of the wood damaging the anchorage.

e The results of the shear tests of the bonded joints in the dry tests were satisfactory in comparison to the
data presented in the literature for pine, eucalyptus and some tropical species.

e Inthe shear tests, after humid pre-treatment, all treatments met the minimum requirement of 2.5 MPa,
referring to the 5th inferior percentile, as established by EN 13353 (2008).

e For both dry and humid testing, Eucalyptus camaldulensis showed better shear results compared to
Eucalyptus urophylla and a combination of these species. EPI adhesive presented better bonding results
than PVA in the humid assays. The increase in weight resulted in higher shear strength only in the dry
tests.

e Based on the general evaluation of the results, it can be stated that the wood of Eucalyptus
camaldulensis and Eucalyptus urophylla, present great potential for the production of side bonding
panels — EGP.
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