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ABSTRACT
The growth of the civil construction sector, made necessary to develop alternative products made of sustainable materials. Within this context came the 
cross laminated timber panels (CLT), which are formed by gluing veneer arranged at 90°, which provide high strength and great versatility, as constructive 
elements. This research aimed to evaluate the chemical properties of the particles of both materials and evaluate the performance of CLT panels made 
with Pinus oocarpa and waste wood from Coffea arabica. The panels were made with three orthogonal layers with veneer of pine and coffee wood, 
using the phenol-formaldehyde (PF) adhesive with a spread rate of 0.35kgm-² and the hydraulic press with a pressure of 1,2×107 N.m-2for 15 min. The 
physical, mechanical properties, acoustic and thermal performance of the panels were evaluated. There was a significant difference for water absorption 
in 2 and 24 hours. The panels produced only with coffee wood waste showed the lowest water absorption rates, corresponding to 10.2 and 33.3%, in 2 
and 24 hours. In relation to the MOE, the panels made with varied veneer were statistically equivalent to each other and the panels made of pine blades 
showed a MOE corresponding to 3,33×107 N.m-2. The same trend was observed for MOR, since the average value obtained for pine panels, corresponding 
to 1,35x108 N.m-2 was significantly higher. Panels made of coffee veneer and pine veneer showed no delamination. With regard to acoustic and thermal 
evaluation, all panels met the minimum requirements indicated in the standards, with emphasis on coffee wood waste, associated or not with pine wood.
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1 INTRODUCTION

The cross laminated timber panels (CLT) are engineered 
products made up of solid wood veneer arranged in layers with 
alternating orientation, orthogonal to the neighboring layers, 
joined by bonding (He; Su; Li, 2018). In which, they allow a 
fast, dry, clean and high precision construction, providing all 
the subsequent conditions for assembly and easy installation 
(Ringhofer, 2018). They have similar mechanical properties 
in orthogonal directions, in addition to great resistance and 
rigidity in the plane, good acoustic and thermal performance, 
and a high level of prefabrication, suitable and competitive 
characteristics for homes and/or buildings (He; Su; Li, 2018). 

França and Bogo (2019) evaluated the environmental 
comfort in buildings built in CLT and in traditional construction 
systems. They concluded that investment in wooden buildings 
is the only renewable and easy to use construction material, in 
which new buildings should invest in these materials as insulators 
for their construction. The building will certainly present a better 
thermal performance and will need less electronic equipment to 
guarantee the thermal quality of its interior. In terms of factories 
producing CLT in the country, so far, there is information from a 
manufacturer that started production in 2012, in the state of São 
Paulo (Betette; Castilho, 2019).

The CLT study highlights the importance of the adhesive. 
Marques et al. (2020) state that this component is the most 
important part of a glued joint and emphasize that it depends 
on the formulation, preparation and application. Among the 
most requested, phenol-formaldehyde stands out, which is one 
of the main types of synthetic thermoset adhesive used by the 
wood panel industries. Widely used in the production of panels 
for structural purposes intended for the external environment, 
with or without protection (Iwakiri et al., 2019). 

It is possible to transform low-value wood into high 
added value products, providing better use of forest resources 
for the construction of CLT-type panels, which is why they 
are said to be promising in the construction sector (Mallo; 
Espinoza, 2015). Among these options stands out the coffee 
culture, which occupies a diversity of regions, variety of 
climates, reliefs, altitudes and latitudes. The first survey of the 
2021 coffee crop, estimates a total production of 43.8 million 
and 49.5 million bags (conilon and arabica) (Companhia 
Nacional de Abastecimento - CONAB, 2020).

The activity of coffee production, in addition to 
significantly contributing to regional economic and human 
development, has a great potential for generating waste that 
can be used economically. (Berni; Manduca, 2020).  Some 
works have already been carried out with the objective of 
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taking advantage of the waste of coffee wood and adding 
value to this waste, such as: Rachtanapun, Sattayarak and 
Ketsamak (2012), Leite et al. (2014) and Pereira et al. (2014) 
and another option for the use of coffee wood waste would be 
in the production of cross-laminated wood panels, as it is a low 
added value waste, used until then to generate energy, so that 
the raw material would be economically viable, in addition to 
contributing to the civil construction sector.

	 It is known, however, that pine wood is used in the 
civil construction sector, mainly as a substitute for native 
wood, and it is also a raw material widely used for panel 
manufacturing. Pinusoocarpa comes from Central America 
and Mexico. It produces wood and resin for commercial 
purposes, in addition to seeds, which facilitates its expansion 
(Calil Neto et al., 2016). 

According to some researchers, the CLT, despite being 
marketed with large dimensions, does not require that the 
material from which it is produced have high dimensions. 
The use of adhesives on side and top bonding, in addition to 
jagged splices, can be an option to overcome such problems, 
which would not harm the essence of this research. According 
to Bowyer et al. (2016), CLT has the advantage of using lower 
quality wood, which can be manufactured with low quality or 
small diameter wood, usually underutilized wood. 

The study of the hybrid CLT of coffee wood with pine 
is interesting because allows the combination of the properties 
of different materials in a composite, which can result in 
improvements in quality and final performance. The economic 
factor is also noteworthy, since working with residual 
coffee wood, would lower the cost of producing the panels. 
Furthermore, using this waste implies in the manufacture of 
a product with greater added value, since the wood is used in 
large part for power generation. 

In this context, the objective was to evaluate the 
chemical properties of the particles of both materials and to 
evaluate the performance of CLT panels made with Pinus 
oocarpa and Coffea arabica wood waste.

2 MATERIAL AND METHODS

2.1 Origin and Collection of Raw Materials
For the development of this research, we used pine wood 

and woody coffee waste. The pine wood came from experimental 
plantations at the age of 28, collected on the campus of the Federal 
University of Lavras (UFLA), located in the city of Lavras, MG, at 
the coordinates of 21°14’ south latitude and 45°00’ west longitude, 
with an altitude of 900 m. Wood coffee wastes from 13-year-old 
plantations were collected in the municipality of Nepomuceno, 
MG, located in the Campo das Vertentes mesoregion, at 21º14’ 
south latitude and 45º14’ west longitude, at an altitude of 864 m. 
The material collected was 13 years old.

The Pinus oocarpa wood was processed in the 
laboratory of the Experimental Unit for the Production of 
Wood Panels (UEPAM), located at UFLA and transformed 
into planks, with the aid of a circular saw and a thicker 
to standardize thicknesses. Subsequently, the material 
was resized to produce the veneer, which would be used 
in the proposed tests. In relation to coffee wood, we gave 
preference to wastes, which did not contain any signs of 
deterioration or tortuosity. After selecting the material, it 
was transformed into slats, which would give origin to the 
veneer. The final dimensions of the veneer were 25 cm x 5 
cm x 1 cm (length x width x thickness, respectively). They 
were stored in an oven until they reached 8% moisture 
content, within the range established by Iwakiri (2005) 
between 6 and 12%and then reserved for the manufacture 
of the panels.

2.2 Determination of the basic density of raw 
materials timber

The basic density was performed according to the 
guidelines of NBR 11941 (Associação Brasileira de Normas 
Técnicas - ABNT, 2003), using the immersion method and 
calculated according to Equation 1.

(1) b  3 2 1D M /  M M 

In which:
Db  = Is the basic density of the wood (kg.m-3) 
M3 = Mass of the sample oven dried at 105 ± 2°C
M2 = Weighing mass of the immersed set (wood chips + 
container)
M1 = Mass of the immersed container

 2.3 Chemical analysis of the timber
To determine the chemical components of the raw 

materials used, we split the wood into circular saws and 
crushed it in a hammer mill to obtain particles. Later, they 
were transformed into sawdust in a Willey type mill. The 
sawdust obtained was classified and the material was selected 
with a 60 mesh size.

The total extractives content was quantified based 
on NBR 14583 (ABNT, 2010a). For the analysis of the 
insoluble lignin content, we followed the recommendations 
of NBR 7989 (ABNT, 2010b). To determine the ash content, 
we adopted the procedures of NBR 13999 (ABNT, 2017). 
The percentage of holocellulose was obtained by adding the 
levels of extractives, lignin and ash, subtracted from 100, as 
shown in Equation 2.

 
 

Holocellulose % 100

Total extractives Lignin content Ash

 

  
(2)



Coffee Science, 16:e161854, 2021

Performance of cross laminated timber panels made of Pinus oocarpa and Coffea arabica waste

2.4 Production of CLT Panels
We adopted the following dimensions for the 

experimental panels: 0.25 m x 0.25 m x 0.30 m (length x width 
x thickness, respectively). For the manufacturing process, we 
used phenol formaldehyde (PF) adhesive for a few reasons 
such as: availability in the laboratory, great requirement 
in the market and good features such as: excellent thermal 
behavior, high level of strength and resistance, resistance to 
humidity, cost, being widely used for outdoor environments, 
long thermal and mechanical stability, excellent ability to act 
as electrical and thermal insulator. 

According to the technical sheet, made available by 
the adhesive donor company, the characteristics were: solids 
content of 52%, pH of 7.56, gelatinization time of 124 seconds 
and viscosity of 645 Cp. To measure the spread rate, the area 
of the veneer in m² was measured and then the amount of 
grams needed for each veneer was calculated. The adhesive 
was used with a spread rate of 0.35kg.m-² in a double line. The 
adhesive was applied with the help of a spatula on the surface 
of the clean veneer and then placed in adjacent layers. The 
average temperature in the place was 25.5 ºC and the relative 
humidity was 37%. 

The panels were hot pressed, in a hydraulic press 
with a pressure of 1,2x107 N.m-2 for 15 min and temperature 
of 150 °C. After pressing the panel was taken to the air 
conditioning room where it would be squared and subjected 
to tests. For this study, we performed shear tests on the glue 
line, delamination, MOR, MOE. Thus, 16 experimental 
panels with three orthogonal layers were manufactured 
(Figure 1). The choice of the number of panels was based 
on the amount of material available in the laboratory.

2.5 Evaluation of physical and mechanical 
properties

For physical characterization, the following properties 
were determined: apparent density (12%) and moisture 
content according to the procedures defined in Annex B of the 
Brazilian Regulatory Standard - NBR 7190 (ABNT, 1997). To 
determine water absorption in 2 and 24 hours of immersion, 
we followed the requirements of ABNT NBR 9486 (2011). 

For each physical property, eight samples were used, 
totaling 32 tested units. 

For mechanical characterization, the following 
properties were determined: modulus of rupture (MOR), 
modulus of elasticity (MOE) to static bending, shearing 
in the glue line and delamination test. The flexion test was 
performed according to the procedures of ABNT NBR 9535 
(ABNT, 2012) with some adaptations, depending on the size 
of the panels, which had dimensions of 0.25x0.04x0.03 m 
(length x width x thickness) and the span was 0.185 m. The 
EMIC universal testing machine, model DL-30000 with a load 
capacity of 300 kN, with a test speed of 0.005 m.min-1 was 
used. In total, 16 samples were taken. 

The shear tests on the glue line were carried out in 
accordance with NBR ISO 12466-1 (ABNT, 2006) adapted 
according to the size of the panels. The dimensions of the 
samples were equivalent to 0.1x0.030x0.030m (length x width 
x thickness). Two grooves were studded in each sample in the 
upper and lower positions with distances of 0.025 m, as shown 
in Figure 2. The tests were performed on the universal testing 
machine EMIC with a loading capacity of 30 tons, with a 
loading speed of 120 N.s-1 . For this test, 8 samples were tested 
per treatment, thus totaling 32 units. 

Figure 1: Manufacture of the CLT panel: (A) bonding the veneer and (B) finished panel.



Coffee Science, 16:e161854, 2021

FURTINI, A. C. C. et al.

We performed the delamination test based on the 
procedures by Lestari et al. (2015). Four samples per panel were 
taken, totaling 16 samples with dimensions of 0.25x0.04x0.03 
m (length x width x thickness).

The mechanical properties will be compared with The 
North American (ANSI/APA PRG 320) Standard for CLT.

2.6 Analysis of acoustic and thermal perfor-
mance 

For the evaluation of acoustic performance, the 
panels were subjected to the sound insulation test in the 
laboratory, for that purpose, the procedures of ISO 10140-5 
(International Organization for Standardization - ISO, 2010) 
and ISO 717-1 (ISO, 2013) were followed to obtain the 
unique performance number. In the laboratory, environmental 
conditions are controlled, and parameters such as air humidity 
and temperature are measured, as they are used in calculating 
sound absorption in the reception environment and the Sound 
Reduction Index (R) as shown in Equation 3.

e = panel thickness (m) 
DT = panel Temperature variation (°C) 

 2.7 Experimental design and statistical analysis 
of the data

	 The basic wood density and chemical composition 
of the particles were analyzed. We adopted a completely 
randomized design and for the production of the panels, four 
compositions were adopted for joining the veneer (treatments), 
as shown in Table 1.

Table 1: Experimental treatments performed.

Treatments Composition (veneer)
1  100% Coffee
2 67% Coffee
3 33% Coffee
4 0% Coffee

 R  L1 L2  10log S / A  

   270.e / T  

Figure 2: Specimen used in the shear test.
Source: NBR 12466-1 (ABNT, 2006).

(3)

In which:
L1 = average level in the emission environment, in dB;
L2 = average level in the reception environment, in dB;
S = area of the specimen, in m²; and
A = sound absorption in the reception environment, in m²

The thermal performance analysis was verified, the 
importance of which is given by the thermal discomfort of 
wooden houses and is related to the low thermal inertia of the 
construction system. To determine the thermal conductivity of 
the coffee and pine panels, the method described by (Castro 
et al., 2019) was followed, using a chamber, composed of 
reconstituted wood panels and for sealing, polystyrene plates.

Using the Data Collector equipment, model IM DC 
100-01E, from Yokogawa, the temperatures were recorded by 
the sensors and with this test it was possible to determine the 
thermal conductivity, through Equation 4.

(4) Figure 3: Basic density of pine and coffee wood.

In which:
l= thermal conductivity (W. m-1C-1) 

Four panels were manufactured for each treatment, thus 
totaling 16 experimental units. For the panel tests, analysis of 
variance and F tests (p < 0.05) were performed. In case of 
difference, the Scott-Knott test at 5% of significance was used 
to discriminate the means. 

3 RESULTS

3.1 Basic density of raw materials
Figure 3 represents the basic density obtained for both 

evaluated materials. 

The basic density obtained for the coffee wood waste 
was 590 kg.m-3, and for the pinus was 510 kg.m-3.
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3.2 Chemical analysis of the woods
The mean values shown in Table 2 refer to the levels 

of holocellulose, lignin, ash and extractives of both materials 
evaluated.

The average holocellulose content obtained for pine 
wood was significantly higher in relation to coffee wood. On the 
other hand, coffee wood showed higher levels of extractives and 
ash. There was statistical equality only for the lignin content.

3.3 Physical properties
The mean values of apparent density (AD), moisture 

content (MC), water absorption, after 2 hours (WA2h) and 24 hours 
(WA24h) of immersion of the panels are described in Table 3.

The mean values obtained for apparent density and moisture 
content did not show significant differences between treatments. 
For water absorption in 2 and 24 h, there was a difference between 
treatments. The panels of treatment 4, that is, those made of pine 
wood, showed the highest water absorption rates.

3.4 Mechanical properties
The mean values of modulus of rupture (MOR) and 

modulus of elasticity (MOE) for static bending, shear strength 
(ST) and delamination (D), for each treatment. According to 

the data described in Table 4, it is observed that the panels 
made up only of pine veneer showed better performance for 
MOR and MOE and differed significantly from the others. 

In relation to the MOE, it is noted that the panels composed 
with varied veneer, did not differ between themselves and the panels 
constituted only with veneer of waste coffee wood, reached the 
lowest mean value, differing from the other treatments. Regarding 
MOR, it is observed that all treatments differed statistically from 
each other. The panels made only of pine wood showed a higher 
mean value, differing from the other treatments. 

To assess the quality of the glue line of the panels, 
shear tests were carried out, with the orientation parallel to the 
fibers. According to Table 4, it is observed that the panels of 
Treatments 1 and 3 were statistically equivalent to each other. 
The treatment 2 panels showed the best performance, differing 
significantly from the treatment 4 panels. In relation to 
delamination, it is noted that the panels of treatment 2 showed 
a superior value (58.55%) in relation to the panels of treatment 
3 (47.5), both constituted with mixed veneer. 

3.5 Acoustic analysis and thermal conductivity 
Figure 4 represents the behavior of the panels produced, 

in relation to sound insulation.

Table 2: Chemical characterization of pine and coffee wood particles.

Woods Holocellulose (%) Lignin (%) Total extractives (%) Ashes (%)
Pinus
Coffee

70.76 (2.0) a
50.67 (2.52) b

29.20 (2.6) a
28.49 (2.12) a

7.38 (0.49) b
15.30 (4.03) a

0.26 (0.01) b
3.78 (0.69) a

Mean values followed by the same letter, in the column, do not differ statistically by the Scott-Knott mean test, at 5% significance. Values in 
parentheses represent the standard deviation.

Table 3: Mean values of apparent density (AD), moisture content (MC), water absorption in h (WA 2h) and 24h (WA24h) of the panels.

Treatments AD (kg.m-³) MC (%) WA 2h (%) WA 24h (%)
100% coffee 630 (0.03) a 10.4 (0.21) a 10.2 (0.68) d 33.3 (5.10) d
67% coffee 650 (0.03) a 11.2 (0.15) a 19.2 (1.92) c 40.6 (2.38) c
33% coffee 650 (0.03) a 11.7 (0.12) a 37.7 (4.03) b 56.2 (5.00) b
0% coffee 660 (0.02) a 10.5 (0.36) a 46.9 (5.83) a 72.5 (6.20) a

Mean values followed by the same letter, in the column, do not differ statistically by the Scott-Knott mean test, at 5% significance. Values in 
parentheses represent standard deviation.

Table 4: Mean values obtained for the modulus of elasticity (MOE), modulus of rupture (MOR), shear strength (ST), and 
delamination (D) of the panels produced with waste wood veneer of coffee and pine.

Treatments MOE (N.m-2) MOR (N.m-2) ST (N.m-2) D (%)
100% coffee 1.62x107(651.09) c 1.12x108 (1.79) b 2.09x106 (0.07) c Not present
67% coffee 2.19 x107 (757.49) b 9.3x107(1.39) d 2.85x106(0.02) a 58.5 (3.56) a
33% coffee 2.19 x107 (452.14) b 1.04 x108(2.81) c 2.15x106 (0.08) c 47.5 (4.98) b
0% coffee 2.41 x107 (770.91) a 1.35 x108(2.51) a 2.45x106 (0.02) b Not present

Mean values followed by the same letter, in the column, do not differ statistically by the Scott-knott mean test, at 5% significance. Values in 
parentheses represent standard deviation.
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Table 5 shows the mean values ​​obtained by the panels 
in relation to thermal insulation. 

On the other hand, it was higher than the mean values ​​
reported by Trianoski et al. (2013), who evaluated seven species 
of tropical pine, among them P. oocarpa and used five sampling 
points along the stem, thus obtaining 480kg.m-3. Pinat i et al. 
(2018) found a mean value of 470kg.m-3 and Mendes et a l. 
(2014) obtained a similar value (500kg.m-3) to that obtained 
in this study.

The basic density obtained for the coffee wood waste 
was 590kg.m-3, being, therefore, classified as a medium 
density wood, according to Coradin et al. (2010) and Silveira, 
Rezende and Vale (2013). The result obtained was close to that 
obtained by Pereira et al. (2014) who obtained 600kg.m-3.

4.2 Chemical analysis of the woods
According to the values ​​described in Table 2, it is 

observed that the mean values ​​for the chemical components 
differed statistically from each  other, with the exception of 
the lignin content. The average holocellulose content obtained 
for pine wood corresponded  to 70 .76%, being in the range 
stipulated by Modes et al. (2019), which establishes a variation 
between 50 and 85% for holocellulose in pine species.

The values obtained in the study fluctuated in relation 
to the values reported in  the l i terature. Pinati et al. (2018) 
obtained an average content of 69.63% of holocellulose for 
Pinusoocarpa wood, a value similar to that found in this study. 
Leite et al. (2014), when evaluating the chemical composition 
of coffee wood found an average content of 57.91%, higher 
than that obtained in this study. 

The results obtained for the lignin content fluctuated 
in relation to the values found in the literature. Vivian et al. 
(2015), studying the Pinus taeda wood, obtained an average 
content of 26.71%, Leite e t al.  (2014), when checking the 
lignin content in coffee w ood o b tained 32.35%. Lignin 

Figure 4: Graph of the mean values of acoustic insulation for the CLT panels; SCP: without specimen; CCC: 100% coffee; CPC: 
67% coffee; PCP: 33% coffee; PPP: 0% coffee.

Table 5:  Mean values ​​of thermal conductivity of panels produced 
with waste wood veneer   of coffee and pine. 

Treatments Conductivity λ (W.m-1.°C-1)
100% coffee 0.31 (0.09) a
67% coffee 0.30 (0.04) a
33% coffee 0.26 (0.02) a
0% coffee 0.34 (0.01) a

Mean values followed by the same letter, in the column, do not differ 
statistically by the Scott-knott mean test, at 5% significance. Values in 
parentheses represent the standard deviation.

4. DISCUSSION

4.1 Basic density of raw materials
As shown in Figure 3, it can be observed that the basic 

density obtained for pine wood was significantly lower, in relation 
to the density of coffee wood (Figure 3). The North American 
standard of CLT with performance classification suggests long 
fiber species with a minimum density gravity of 0.35g.cm-3 for 
manufacturing CLT (ANSI / APA PRG 320 2018). By adopting 
only this value as a reference, both species meet the requirement.

Based on the obtained value, pine wood can be 
classified as a low density wood (Figure 3), based on the 
classification by Coradin et al. (2010) and Silveira, Rezende 
and Vale (2013), who stipulated values ​​between 550 and 720 
kg.m-3 for this class. The value obtained  in this experiment 
was lower than the result obtained by Matos et al. (2019), who 
reported 530kg.m-3, for the same species at 18 years of age.
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is a natural and renewable organic compo u nd, which has 
properties that can contribute to the ad h esion process (Ang 
et al., 2019), it is noteworthy that its  structure is similar to 
phenol-based adhesives (Qiao et al., 2015). The quantification 
of lignin is important for CLT panels, a s  it is related to 
mechanical properties, such as rigidity and toughness, which 
are fundamental for structural composites.

Regarding the average levels of total ex t ractives, 
it is observed that the result obtained f or pine wood was 
lower than the result found by Zanuncio e t al. (2014), who 
reported 10.91%. For coffee wood, the va l ue obtained was 
higher than that reported by Pereira et al. (2014) who found 
6.1%. The high content of these components can considerably 
reduce the resistance to internal adhesi o n, characterizing a 
low performance glue line, reducing the quality and the final 
performance of the panels (Fonte; Trianoski, 2015).

For ash contents, Matos et al. (2019) obtained a content 
of 0.15% for Pinus wood, lower than that  obtained in this 
study.  Pereira et al. (2014) obtained 0.68% for coffee wood. 
High concentrations of this component ca n  block reactive 
sites for adhesion, affecting the quality of the bonding and the 
mechanical performance of the panel (Soares et al., 2017).

4.3 Physical properties
In relation to physical properties it was observed that 

there was no statistical difference between the panels, for the 
apparent density (Table 3). The mean values obtained for the 
panels in all treatments were exceeding the results reported in 
the literature. 

Baño et al. (2018) studied CLT panels made of Pinus 
Loblolly wood and polyurethane adhesive. The dimensions of 
the panels were 0.381 x 0.102 m, similar to the panels of this 
study and the mean value obtained for density was 388 kg.m-³. 
Compared to the treatment consisting only of pine veneer, in 
this study, a difference of 270 kg.m-³ is observed. 

Birinci et al. (2020) analyzed the structural performance 
of CLT panels produced with Pinus sylvestris and Picea 
orientalis. The panels had dimensions of 0.24m × 0.24 m × 
0.15 m (length x width x thickness) and were produced with 
polyurethane adhesive with a spread rate of0.160 kg.m-². In 
relation to the apparent density, the authors obtained mean 
values of 470kg.m-³ for the Pinus sylvestris CLT and 460 
kg.m-³ for the Picea orientalis CLT. The differences may be 
due to the type of adhesive, conditions of pressing and age 
of the wood used.

According to ANSI/APA PRG 320 (2012), CLT panels 
should be used in moisture-free conditions, as in most covered 
structures, where the average lumber moisture content is 
less than 16%.It should be noted that this standard, being 
international, was carried out based on the climatic conditions 
of the USA. In Brazil, the NBR 7190 (ABNT, 1997), stipulates 
12% moisture content. According to the values obtained for 

the moisture content of the panels (Table 3) it appears that all 
are within the standards stipulated by both standard rules. 

Regarding the moisture, it is noted that the different 
combinations of veneer did not interfere in this property, 
indicating homogeneous drying of the veneer. Probably the 
high temperatures used during the drying of the veneer and 
hot pressing of the panels, reduced their sorption capacity, 
and, consequently, reduced the equilibrium humidity. This 
fact corroborates with Skaar (1988), when affirming that the 
elevation of the temperature in the wood results in the reduction 
of the equilibrium humidity to a considered relative humidity 
and a permanent reduction in the hygroscopicity. In addition, 
the packaging of the panels in an air-conditioned room may 
have contributed to equalizing the moisture content of the 
panels. Similar values ​​of moisture content were observed by 
Pinati et al. (2018), when studying Pinus oocarpa  blockboard 
plywood panels. The moisture content found in this work was 
compatible with the values ​​presented in the research cited.

Regarding water absorpti o n i n  2 and 24 hours, it is 
observed that all treatments differed from each other (Table 3). 
Regarding WA2h, the panels produced only with coffee wood 
waste showed mean values corresponding to 10.2 and 33.3%, 
for water absorption in 2 and 24 hours, respectively. It is noted 
that the inclusion of a pine blade in the constitution of the panels 
caused an increase that c orr e sponds to practically twice the 
water absorption rate in relation to the treatment 1 panels. With 
the inclusion of two pine blades in the panels (treatment 3) the 
increase is equivalent to 3.69 times greater in the absorption rate 
and in panels produced only with pine blades, the absorption 
becomes approximately fi v e t i mes greater, in relation to the 
coffee panels. The same trends are observed for WA24h. 

In part, this result can  be  explained by the chemical 
nature of the coffee wo o d, a s seen in Table 2, as it has a 
higher content of extra c ts t han the pine wood, which can 
result in less contract i on a nd swelling of the pots, as the 
Hydrophobic extractives prevent water absorption, due to the 
lack of chemical affinity with water (Sheshmani, 2013; Kim 
et al., 2008). In addi t ion ,  the basic density of coffee wood 
was higher than that of  pine (see item 3.1). The greater the 
specific mass, the lower the water content that the wood can 
contain in saturation (Tsoumis, 1991). This may be associated 
with the more closed anatomical structural arrangement of the 
coffee wood, which, because it is more dense, promoted an 
initial barrier to the entry of water, caused by the reduction 
of empty spaces (lume n , v e ssels and intercellular spaces). 
Pine wood has a large amount of tracheids, which are hollow 
anatomical structures ,  re sponsible for conducting the wood 
and facilitating the process of absorption, drying and wood 
preservation treatments (Burger; Richter, 1991). 

The low WA values of panels made from coffee waste, 
in relation to pine p a nel s , can be seen as a positive point, 
since an alternative material is being suggested, of low cost 
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as a source of raw ma t eri a l for production of the panels. 
The results obtained for the pine panels were superior to the 
results obtained by Souza et al. (2011) who evaluated parallel 
veneer panels (LVL) made with Pinus oocarpa and obtained 
average results of WA2h and WA24h corresponding to 12.5% 
and 24.4%, respectively. Lima et al. (2013) obtained 85.6% 
for total water absor p tio n , therefore, higher than the result 
obtained in this study. 

4.4 Mechanical properties
The panels made of coffee veneer showed the lowest 

results determined at 1,62x107 N.m-2 and 1,12x108 N.m-2 for the 
MOE and MOR, respectively (Table 4). It is noted that from 
the moment the inclusion of pine blades in the panels occurs, 
the rigidity increase s , significantly improving this property. 
In the treatment consisting only of pine blades, the increment 
corresponds to 67.22%, in relation to the coffee wood panels. 

Still according to table 4, it is observed that the lowest 
values ​​were obtained for panels laminated with mixed blades, 
however the MOR of the panels made only with pine blades 
followed  the same tre n d as the MOE, since these showed 
the highest value (1,35x108 N.m-2) for the resistance of the 
panels. The improvement observed for pine panels was 83% 
in relat i on to panels  produced only with veneer of coffee 
wood. We assume that the higher values ​​obtained for the MOE 
and MOR of pine laminated panels are due to the anatomical 
arrangement of the wood, as it has long fibers (tracheids) and is 
more resistant to bending. The panels produced and evaluated 
showed higher values ​​than the results reported in the literature.

Ecker, M i otto and Tur m i na (2017) evaluat ed CLT 
panels formed by three orthogonal layers of pine veneer, joined 
with mono-component polyurethane adhesive. The following 
spread rate was used: 0.12kg.m-², 0.16kg.m-² and 0.2kg.m-², 
for comparison, panels with a spread rate of 0.2 kg.m-2 will be 
considered. The veneer had an average thickness of 0.0215m, 
widths between 0.09m and 0.11 m and lengths between 3 m and 
3,2 m. After assembly, the panels were pressed in a hydraulic 
press with a vertical pressure of 1.2x106 N.m-2, for 4 hours cold. 
For panels bonded with  0.2kg.m-2, the researchers obtained 
mean values ​​of 3.421x107 N.m-2 for MOR and 10,200.04 for 
MOE. It i s em p hasized  t hat although the MOE and MOR 
values of this research are higher, it must be taken into account 
that the proportion of amplitude used was different. We used a 
range of 8.33 * h and the authors used 46 * h ”.

Barreto e t al .  (2019)  e valuated the perf ormance of 
hybrid panels (CLT) in construction systems and used Pinus 
spp wood. and bamboo (Dendrocalamusgiganteus) for panel 
production. They used melamine-urea-formaldehyde (MUF) 
adhesive to glue the laminates in a three-layer configuration, 
with a transversal orientation: two outer layers of bamboo and 
a central layer of pine wood. The authors obtained values of 
1.331x1010 N.m-2 and 6.5 x104N. m-2, for the MOE and MOR, 

respectively. It is noted that the hybrid panels of this study 
obtained superior resistance to the panels in the literature. 

Comparing the panels, it is observed that those made 
with coffee and pine blades show a MOR higher than 60% in 
relation to the values mentioned, for the average MOR, the 
increase corresponds to a gain in resistance of 65%. However, 
it is noteworthy that the different production conditions of the 
panels, type, age of the material and adhesive, influence the 
results.

Alencar and Moura (2019) evaluated CLT hybrid 
panels w ith three layers and different combinations of pine 
and eucalyptus veneer and obtained a MOR of 3.92x107 N.m-

2 and MO E of 7,24x109 N.m-2. The aforementioned authors 
obtained lower values ​​in relation to this research, proving the 
efficiency of the CLT panels produced with pine and waste 
coffee wood. As previously mentioned, although the values 
of MOE and MOR in this  research are higher, it should be 
taken into account that the proportion of amplitude used was 
different in both studies.

According to a certification issued to the company KLH 
Massive Holz GmbH, Austrian company that created the CLT 
(Cross Laminated Timber) by EOTA (European Organization 
for Technical Evaluat ion), in which it specifies for the CLT 
panels values 1.2x1010 N.m-2 for the MOE and 2,4x107N.m-2 

for the MOR, the panels fit into the requirements. All panels 
meet the requirement of ANSI/APA PRG 320 (2012), which 
stipulates average values of 8.3x109 N.m-2 and 1x107 N.m-2 for 
MOE and MOR, respectively.

Accordi ng to table 4,  the panels made up of veneer 
of coffee, or at least one blade of coffee wood, presented the 
lowest averages of shear strength. In part, this can be explained 
by the fact that the waste coffee wood has higher quantities 
of extractives (Table 2). The type and quantity of extractives 
can negatively influence the adhesion of the wood surface, as 
they are the main responsible for the inactivation of the surface 
(wetting of the adhesive) and can also change the surface pH 
of the wood (Albino; Mendes; Mendes, 2012).

The results obtained in this research fluctuated with the 
results available in the literature.  Ecker, Miotto and Turmina 
(2017), found for CLT made up of 0.2kg.m-² mono-component 
polyure thane adhesiv e , an average shear bond strength of 
8.42x106 N.m-2; in the parallel direction and 3.02 x106N. m-2 
in the normal direction. Navaratnam et al. (2020) studied CLT 
panels made with Pinus radiata wood blades and evaluated 
the per formance of t h e panels in relation to shearing. The 
panels had three layers, with dimensions of 1.26 m x 0.52x 
0.106 m (length x width x thickness) and used polyurethane 
adhesive. The had a mean value of 2x106 N.m-², a result close 
to the one obtained in treatment 1, for panels made only with 
coffee waste wood. The requirement of ANSI/APA PRG 320 
(2012) stipulates a minimum value for shear of 1.3x106 N.m-2, 
therefore all panels met the requirement.

https://www.sciencedirect.com/science/article/pii/S0950061819326674?casa_token=VYre-v-CpNgAAAAA:-uV4vd7YfIamdQDH82zF1QFqekLqFvqKhz-kbZ-ohjxl0Z8vrzPYzhVi1IkLpargu25dFOlv0fk#!
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Still a ccording to Ta ble 4, it is observed that there 
was no delamination o f the panels constituted with veneer 
of the same species ( treatment 1 and 4), that is, there were 
no changes that could compromise the structure of the wood-
adhesive interface, thus demonstrating better performance. On 
the other hand, the panels of treatments 2 and 3 had a failure 
in the quality of bonding of the veneer, referring to 58.5 and 
47.5% respectively. It is assumed that the veneer had different 
degrees of anisotropy, which is why it resulted in delamination.

Segundinho et al. (2015) evaluated the shear strength in 
the cross laminated timber (CLT) glue line manufactured with 
three wood species, among them Pinusoocarpa. The veneer 
were bonded with bicomponent adhesive based on melamine-
urea-formaldehyde (MUF) and the spread rate used were 0.2 – 
0.25kg.m-2 (double glue line) and a minimum bonding pressure 
of 1x106 N.m-2. The authors also did not observe delamination 
on the veneer of the CLT formed with Pinus.

Accordi ng to ANSI/AP A  PRG 320 (2012) for the 
product to be qualified, this document requires less than 5% 
of delamination in all samples. The panels made with the same 
veneer presented satisfactory performance.

4.5 Acoustic analysis and thermal conductivity 
The sound insulation of the panels was measured and 

reproduced in figure 4 and according to the designations of 
NBR 10152 (ABNT, 2020), in relation to the frequency of 200 
Hz, all panels evaluated were considered acceptable, for sound 
comfort in the range of 40 to 50 dB, such as the living room. 
For 500 Hz, all panels fall into the hospital services area, which 
serve a range of 45-55 dB. For 1000 to 4000 Hz only the CCC 
and CPC panels fall within the range of 30-40 dB and for 2000 
Hz the CCC, CPC and PPP panels stand out and can be used 
in places such as theaters, concert halls and meeting rooms.

In gene ral, it is c oncluded that the woody wastes 
of coffee wood, associated or not with pine wood, have the 
potential to produce panels of the CLT type, since the results 
obtaine d were in ac cordance with the standards used, and 
therefo re, they can  be recommended to be used as parts of 
construction systems, and can be used as sealing panels for 
thermal and acoustic insulation.

Regardi ng thermal c onductivity, no significant 
differe nces were fo und between the panels, so they all 
showed similar beha vior, regardless of the composition of 
the veneer (Table 5). The values ​​obtained are in accordance 
with the requirements of NBR 15220 (ABNT, 2005), which 
recommends a value less than 2 W.m-1.°C-1 so that the panel 
can hav e a thermal insulating char a cteristic. The results 
obtained in this research corroborate Asdrubali et al. (2017) 
and Jayalath et al (2020) when stating that panels of the CLT 
type ha ve a satisfa ctory value for  thermal conductivity, in 
relation to other materials traditionally used in construction. 
Examples include cement, masonry brick and gravel concrete, 

which have a thermal conductivity of 0.90; 0.60 to 0.70 and 
2.0 W.m -1.°C-1respe ctively (Labora t ory of thermophysical 
properties and prototyping, 2020).

  5 CONCLUSIONS

The study verified the potential of using coffee waste 
wood as a raw material for the production of CLT, isolated 
and associated with Pinus oocarpa wood and the following 
conclusions were obtained: Regarding MOR and MOE, all 
panels met the requirements of KLH Massive Holz GmbH, 
an Austrian company that created the CLT (Cross Laminated 
Timber) and ANSI/APA PRG 320 (2012); Regarding shear 
strength, all panels met the requirements of ANSI/APA PRG 
320 (2012). For delamination, the panels produced only with 
pine veneer or coffee veneer did not delaminate, according to 
the requirements of ANSI/APA PRG 320 (2012). 

Regarding acoustics and thermal conductivity, all 
panels met the minimum requirements indicated in the 
standards NBR 10152 (ABNT, 2020) and NBR 15220 (ABNT, 
2005), respectively. In relation to the mechanical properties 
(MOR, MOE e ST), all combinations passed all of the standard 
qualification criteria required for structural CLT.
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