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ABSTRACT
The wood panel industry is constantly growing, being necessary the innovation in technologies and raw materials to improve the quality 
of the final product. Considering the shortage and pressure to decrease the dependence of wood, there is an interest in other renewable 
materials such as agricultural wastes. Among these wastes, coffee parchment is one which deserves notoriety. An alternative use for 
coffee parchment could be for production of particleboard in association with wood particles. This study aimed to evaluate the feasibility 
of using coffee parchment for production of particleboard. The following percentages of wastes were used: 0, 10, 20, 30, 40 and 50% 
in association to eucalyptus wood. The panels were produced with 8% of urea formaldehyde (based on dry weight of particles). The 
pressing cycle consisted by: pre-pressing of 0.5 MPa for 10 minutes followed by pressing of 4.0 MPa, and temperature of 160° C for 15 
minutes. The compaction ratio of particleboards produced using higher quantities of parchment improved the physical properties. The 
properties of Water Absorption (2 and 24 h) and Thickness Swelling (2 h) decreased with increasing percentage of coffee parchment. The 
Thickness Swelling (24 h) showed not significant effect with an increase of coffee waste. The Modulus of Elasticity for coffee parchment 
particleboards was in the range 646.49 ± 112.65 to 402.03 ± 66.24 MPa, while the Modulus of Rupture ranged from 8.18 ± 1.39 to 4.45 ± 
0.75 MPa. The results showed that 10% of coffee parchment could be added for production of particleboards.

Index terms: Agricultural waste; lignocellulosic material; renewable material.

RESUMO
A indústria de painéis de madeira vem em constante crescimento, sendo necessária a inovação em tecnologias e matéria-prima para melhorar 
a qualidade do produto final. Considerando a escassez e pressão na diminuição da dependência por madeira, existe um interesse em outros 
materiais renováveis, como os resíduos agrícolas. Entre esses resíduos, o pergaminho de café merece destaque. Uma alternativa para utilização 
do pergaminho de café poderia ser na produção de particulados, em associação com partículas de madeira. O objetivo deste trabalho foi avaliar 
a viabilidade de utilização do pergaminho de café para produção de aglomerados. As porcentagens de resíduo utilizadas foram: 0, 10, 20, 30, 40 
e 50% em associação com madeira de eucalipto. Os painéis foram produzidos com 8% de uréia-formaldeído (base massa seca de partículas). O 
ciclo de prensagem consistiu de: pré-prensagem de 0,5 MPa por 10 minutos, seguido por prensagem de 4,0 MPa e temperatura de 160° C por 
15 minutos. A razão de compactação dos painéis produzidos com maiores quantidades de pergaminho melhorou as propriedades físicas. As 
propriedades de absorção de água (2 e 24 h) e inchamento em espessura (2 h) diminuíram com o aumento da porcentagem de pergaminho de 
café. O inchamento em espessura (24 h) não apresentou diferenças significativas com o aumento de resíduo de café. O Módulo de Elasticidade 
dos painéis variou de 646,49 ± 112,65 até 402,03 ± 66,24 MPa, enquanto o Módulo de Ruptura variou de 8,18 ± 1,39 até 4,45 ± 0,75 MPa. Os 
resultados mostraram que até 10% de pergaminho de café poderia ser adicionados para a produção de painéis aglomerados.

Termos para indexação: Resíduos agrícolas; materiais lignocelulósicos; material renovável.

INTRODUCTION
The brazilian industry of particleboards consumes 

a significant volume of wood from planted forests, mainly 
from Eucalyptus genera. Such species get emphasize due 
to the good adaptation in a large area of Brazilian territory 
and availability for exploring (Mendes et al., 2014).

However, the growth of the sector becomes 
necessary to search for other lignocellulosic materials 
sources that may contribute to supply the needs of industries 
as well as contribute to the development of new products 
(Belini et al., 2014; Farrapo et al., 2014). Considering the 
growing concern about the environment and the pressure 
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to decrease the wood dependence, the forestry industry 
seeks new substitute materials hence there is an interest in 
renewable materials, such as agricultural wastes generated 
by several crops as sugar cane, rice husk, corn and coffee, 
which is one of the most important in Brazil.

In 2013, the Brazilian production of coffee (green 
grain) was approximately 3,000,000 t, which ranks the 
country as the greatest world producer of coffee (FAO, 
2013). One of the wastes obtained from this culture 
is the coffee parchment, a byproduct which is usually 
discarded after the grain processing. The parchment, 
known as “thin rind” for being an anatomical pellicle 
which covers the grain, is part of the waste generated 
by the coffee processing obtained when the pulping 
occurs by wet method (Brum et al., 2008). According to 
Vilela et al. (2001), coffee processing results in wastes 
such as husk and parchment, which yield approximately 
50%. Therefore, the processing of two tons of coffee 
produces a ton of waste. After the grain processing, the 
main destination given to the coffee parchment is the 
briquettes and pellets production for burning and energy 
generation (Paula et al., 2011). An environmentally-
friendly alternative for the coffee parchment destination 
could be for particleboards production. 

The production of particleboards from agricultural 
wastes adds value to the residue, reducing the impact on 
the environment, furthermore, it can meet the growing 
demand for wood panels, enable the expansion, decrease 
the use of wood in the production process, the pressure 
on forests, while reducing production costs of the panels 
(Mendes et al., 2010).

Abundantly available plants cultivated in 
agriculture might be good candidates, showing also 
anatomical and chemical structures suitable to produce 
panels (Mati-Baouche et al., 2014; Papadopoulou et al., 
2015). Different researchers have reported the utilization 
of agricultural wastes in particleboards production, such as 
sugarcane bagasse (Mendes et al., 2012), rice husk (Melo 
et al., 2009), maize cob (Scatolino et al., 2013; Scatolino 
et al., 2015; Sekaluvu; Tumutegyereize;  Kiggundu, 2014), 
coffee husk (Mendes et al., 2010), peanut husk (Guler; 
Buyuksari 2011), corn straw (Silva et al., 2015), vine 
(Vitis vinifera L.) (Yeniocak et al., 2014) and castor husk 
(Silva et al., 2016).

In addition, many studies in the literature show the 
mixture of agricultural wastes with wood species. Mendes 
et al. (2010) evaluated the influence of coffee husks in 
association to Eucalyptus urophylla in the physical and 
mechanical properties of particleboard. Similarly, Silva et 

al. (2016) studied the association of castor husk and Pinus 
oocarpa wood for production of particleboard. 

The coffee parchment could be a potential 
alternative material for being applied in particleboards 
production, due the fact of being basically composed by 
cellulose and lignin, such as wood. The aim of this study 
was to evaluate the potential of using coffee parchment as 
raw material for particleboard production associated with 
eucalyptus wood considering the physical and mechanical 
properties.

MATERIAL AND METHODS

Raw material and particle processing

The coffee parchments were provided by a 
cooperative company located in the district of Machado, 
Minas Gerais State, Brazil. The eucalyptus was a Eucalyptus 
urophylla x Eucalyptus grandis hybrid collected from a 
dense crop located in the campus of Federal University 
of Goiás, in Jataí, Goiás State, Brazil. 36 months-old 
eucalyptus trees were used in this study. The eucalyptus 
wood was subjected to analysis for determining basic 
density values according to procedures in standard NBR 
11941 (ABNT, 2003a). 

The basic density of coffee parchment was 
obtained by saturation of particles and subsequent volume 
measurement in a measuring cylinder. The particles were 
then dried and the relation dry weight/saturated volume 
was calculated. The wood particles were obtained by 
crushing of small logs through a Kawashima Tg 1400-s 
(100 mm) mill. Posteriorly, the particles were crushed 
again through a mill containing a 6 mm sieve. Coffee 
parchment was separated from the grain processing 
impurities and crushed through a mill. The particles were 
sieved and the fraction that was retained between the 
20 (0.841 mm) and 40 mesh (0.420 mm) were used for 
production of particleboards. 

Chemical analysis of materials 

For analysis of the chemical components of 
eucalyptus and coffee parchment, the sawdust retained 
between the 40 (0.420 mm) and 60 (0.250 mm) mesh 
sieves was used. The material was subjected to analysis 
for determining the total extractives content - NBR 14853 
(ABNT, 2010a), lignin content - NBR 7989 (ABNT, 
2010b), minerals content - NBR 13999 (ABNT, 2003b) and 
holocellulose content (obtained by the difference H (%) 
= 100 - %Total extractives - %Lignin content - %Ashes 
content).



Eucalyptus wood and coffee parchment for particleboard production: physical and mechanical properties 141

Ciência e Agrotecnologia 41(2):139-146, Mar/Apr. 2017

Experimental design and production of 
particleboards

The experimental design consisted of six treatments 
(Table 1), which five percentages of coffee parchment were 
used in replacement of eucalyptus.

four hours of immersion (TS2h and TS24h) and Internal 
Bond (IB) were based on standard American Society for 
Testing and Materials - ASTM - D1037 (2006), while 
analyses of the properties Modulus of Rupture (MOR) 
and Modulus of Elasticity (MOE) were based on standard 
DIN 52362 (1982). 

The experiment used a completely randomized 
design. As the objective of this study was to verify 
variations in results of physical and mechanical properties 
as a function of increasing coffee parchment percentage, 
data were subjected to ANOVA and analysis of regression, 
both at 5% significance level.

RESULTS AND DISCUSSION

Characterization of lignocellulosic materials and 
particleboards

The contents of extractives, lignin, minerals 
and holocellulose in wood and coffee waste were 
listed in Table 2. The lignin content was very similar 
for both materials, in the range from 27.27 to 28.32%. 
Lignin is responsible for providing mechanical and 
biological resistance, and has hydrophobic properties 
necessary for the functioning of the conductive water 
cell (Neutelings, 2011). 

The higher content of extractives in parchment 
in comparison to wood was considerable, in range from 
3.59 to 26.24%. Extractives are hydrophobic compounds 
of low molecular weight which can occur in minimal 
or significant levels and depend of the species and 
geographical location of plants (Hardell; Nilvebrant, 
1999). Higher values of extractives in lignocellulosic 
raw materials are related to decreased permeability and 
hygroscopicity of the material (Iwakiri, 2005). Other 
agricultural wastes reported in literature also showed 
extractives content much lower than the coffee parchment. 
Scatolino et al. (2013) found 7.0% for extractives when 
studying maize cob chemical composition. Oppositely, 
Silva et al. (2016) found values of 30.1%, which were 
according to the waste studied in this research.

The hygroscopicity of the extractives found in 
coffee parchment in addition to higher compaction ratio of 
particleboards with higher content of waste (Table 3) could 
be a crucial factors for reducing the WA2h and WA24h 
values (Figures 1 and 2). Another factor which may have 
contributed to the improvement of the physical properties 
is the lower value holocellulose presented by the waste, 
which indicates a lower value of hemicelluloses. 

Table 1: Experimental design for particleboard production.

Type
Coffee parchment Eucalyptus wood 

------------------------------%------------------------------
1 0 100
2 10 90
3 20 80
4 30 70
5 40 60
6 50 50

The panels were produced with dimensions 
of 200 x 200 x 15 mm (length, width and thickness, 
respectively). The level of urea-formaldehyde (UF) 
adhesive was 8% (based on dry weight of particles). 
The properties of UF were: solid content 66.07%, pH 
8.94 and viscosity 479 cP. The particles were manually 
added to adhesive. The mixture was placed into a sheet 
mold and pre-pressed at 0.5 MPa during 10 minutes. The 
resulting sheet was then subjected to a hot compression 
cycle at temperature of 160 °C, pressure of 4 MPa for 15 
minutes. Two panels were produced for each treatment.

Evaluation of panels and statistical analysis

Once panels were acclimatized at a temperature of 
22 ± 2 °C and 65 ± 5% of relative humidity, test samples 
were obtained using a circular saw. The compaction ratio 
was obtained by applying the following equation:

where: pd is the particleboard apparent density (g/cm3); 
cpd is the basic density of coffee parchment (g/cm3); cp% 
is the content of coffee parchment; ewd is the basic density 
of eucalyptus wood (g/cm3); and ew%  is the content of 
eucalyptus wood.

Analyses of the properties Water Absorption 
after two and twenty-four hours of immersion (WA2h 
and WA24h), Thickness Swelling after two and twenty-

( ) ( )  %   %

pd
CR

cpd x cp ewd x ew
=

+
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In both cases, there was a trend of reduction in 
WA values with the addition of coffee parchment in 
particleboards. This was assumed to be due to the higher 
extractives amount present in coffee parchment, which 
may have increased the hydrophobic characteristics of 
the particleboards produced with the addition of the 
waste. The board composed by 0% of coffee parchment, 
in other hand, showed less resistance against the water 
penetration and showed the highest WA values. Mendes 
et al. (2010) also found an increasing tendency for water 

absorption after twenty-four hours of immersion when 
evaluating particleboard panels produced with coffee 
husk in association with eucalyptus. Boards produced in 
the same range of density from cotton stalks are reported 
to show 83.8% and 105.4% for WA2h and WA24h, 
respectively (Guler and Ozen, 2004). The apparent 
densities of particleboards in this study ranged from 
0.50 to 0.54 g/cm³, which rank them as low density 
particleboards (until 0.55 g/cm³) according to NBR 
14810 (ABNT, 2013).

Material
Extractives Ashes Lignin Holocellulose 

 ---------------------- % -----------------------
Eucalyptus wood 3.59 ± 0.09* 0.51 ± 0.01 27.27 ± 1.69 68.62 ± 1.59

Coffee parchment 26.24 ± 1.71 0.57 ± 0.09 28.32 ± 0.76 44.86 ± 0.83

Table 2: Chemical composition of the studied materials and some lignocellulosic biomass.

*Standard deviations of the means.

Table 3: Mean apparent density and compaction ratio of panels.

*Standard deviations of the means.
Different letters indicate significant (p ≤ 0.05) differences between the values by comparison using Scott–Knott test.

Coffee parchment (%) Apparent density (g/cm³) Compaction Ratio
0   0.54 ± 0.03* a 1.30 ± 0.07 a

10   0.54 ± 0.02 a 1.32 ± 0.05 a
20   0.50 ± 0.01 a 1.33 ± 0.05 a
30   0.53 ± 0.02 a 1.53 ± 0.06 b
40   0.54 ± 0.01 a 1.73 ± 0.05 c
50   0.52 ± 0.00 a 1.91 ± 0.04 d

Figure 1: Mean values of WA2h as a function of coffee 
parchment percentage.
**Significant F-value at 5% significance level.

Figure 2: Mean values of WA24h as a function of coffee 
parchment percentage.
**Significant F-value at 5% significance level.
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An increase in coffee parchment content of 
particleboards resulted in higher compaction ratio values. 
This fact may be certainly explained by the low value 
of basic density found for coffee parchment (0.100 g/
cm³) in comparison to eucalyptus wood (0.450 g/cm³). 
Low density is one of requirements in intention to use 
lignocellulosic materials for particleboards production. 
It results in higher number of particles compressed in 
the same volume thus increasing the compression ratio 
(Iwakiri, 2005). Only the treatments composed by 0 to 
30% coffee parchment (not statistically different) and 40% 
were according to the ideal values of compaction ratio (1.3 
to 1.6) indicated by Maloney (1993). 

The higher values for compaction ratio obtained by 
the other treatments may have affected the other physical 
properties. The plots of TS2h and TS24h versus coffee 
parchment content levels are shown in Figures 3 and 4, 
respectively. 

50% maize cob (Scatolino et al., 2013), which was higher 
than 50% coffee parchment obtained in this study. The low 
density of panels implies in lower content of particles for 
absorbing water, therefore the panels produced in this study 
showed lower values for physical properties in comparison 
to panels showing medium density found in the literature.

Figure 3: Mean values of TS2h as a function of coffee 
parchment percentage in panels.
**Significant F-value at 5% significance level.

Figure 4: Mean values of TS24h as a function of coffee 
parchment percentage in panels.
**Significant F-value at 5% significance level.

The TS2h of particleboards in this study ranged 
from 11.78 to 6.77%. Somehow, the addition of coffee 
parchment in particleboards caused a decreasing trend in 
values of thickness swelling. This was assumed to be due 
the higher extractives amount present in coffee parchment, 
which decreased the hydrophilic characteristics of the 
particleboards produced with higher contents of the waste. 

Decreases in TS2h trend with increases in the 
proportion of alternative biomass mixed with wood for 
particleboard production have already been reported in 
the literature. The authors found mean value for TS2h of 
25.33% in particleboards composed by 50% pine wood and 

In other hand, the addition of coffee parchment on 
particleboards showed no significant effect on values of 
TS24h. None of the treatments exceeded the requirement 
for TS24h (30%) considering low density panels by 
standard CS 236-66 (CS, 1968). 

The physical properties were improved with the 
addition of coffee parchment to the particleboards. In 
addition to the extractives content, another relevant point 
was the increasing in compaction ratio (See table 3), 
which can promote a barrier for water adhesion. However, 
high values of compaction ratio means a lower amount of 
adhesive per particle, due the low density of the coffee 
parchment. This fact may affect the mechanical properties 
of panels. The linear regression models obtained for MOE 
and MOR were significant (p ≤ 0.05) such as the second 
order polynomial regression obtained for IB. The results 
are illustrated in Figures 5, 6 and 7.

The MOE values showed decreasing trend 
according to the linear regression model. The MOR values 
of particleboards produced in this study ranged from 8.16 
to 4.42 MPa. As similarly occurred for MOE, a higher 
content of coffee parchment associated to eucalyptus 
wood seem to reduce significantly the MOR values. IB 
showed an increasing trend until the content of 30% 
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coffee parchment. From this point on, the values started to 
decline. Güler and Buyüksari (2011) found values close to 
0.16 MPa for internal bond when evaluating particleboards 
produced with peanut husk. The IB strength is an indicator 
of the cohesion of the panel in the direction perpendicular 
to the plane of the panel (Andre et al., 2008). 

Figure 7: Mean values of IB as a function of coffee 
parchment percentage in panels.
**Significant F-value at 5% significance level.

Figure 5: Mean values of MOE as a function of coffee 
parchment percentage in panels.
**Significant F-value at 5% significance level.

Figure 6: Mean values of MOR as a function of coffee 
parchment percentage in panels.
**Significant F-value at 5% significance level.

amount of adhesive, resulting in a lower amount of 
adhesive per particle.

Decreases in MOE and MOR trend with increases 
in the proportion of agricultural wastes mixed with 
wood for particleboard production have already been 
reported in the literature (Mendes et al., 2010; Scatolino 
et al., 2013). Güler and Buyüksari (2011) found values 
close to 2.90 MPa for MOR and 571.20 for MOE when 
evaluating low density particleboards produced with 
peanut husk. Sekaluvu, Tumutegyereize, and Kiggundu 
(2014) evaluated low density particleboards composed 
by maize cob particles and found means of 10 MPa for 
MOE and 0.6 MPa for MOR. 

The reason for  decreasing of  MOE and 
MOR values, such as seen for IB (40 and 50% 
coffee parchment) may be related to the increase of 
compaction ratio. As previously explained, higher 
compaction ratio (See Table 3) implies a higher 
quantity of particles for being bonded with the same 

According to the commercial standard CS 
236-66 (1968), the particleboards produced with urea 
formaldehyde adhesive and low density must provide 
minimum value of 5.5 MPa for MOR, which just was 
reached by 0, 10 and 40% coffee parchment. For MOE, 
the same standard requires minimum of 1029.7 MPa, 
which has not been reached by any of the treatments 
produced. However, the particleboards composed by 0, 10 
and 40% of waste meet the minimum required by ANSI 
A208 (1999), which is 550 MPa. All values for IB were 
higher than the minimum required by the standard CS 
236-66 (0.14 MPa), for low density panels.

CONCLUSIONS
Coffee parchment significantly improved the 

physical properties of WA and TS of particleboards. 
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The panels composed by 40% coffee parchment 
showed better physical properties. The panels had 
significant decreases in mechanical properties MOR 
and MOE, however the values meet the minimum 
required by standards such as IB. Overall, there was 
a loss of mechanical strength of particleboard with 
coffee parchment addition. By the values of physical 
and mechanical properties, it can be concluded that 
the coffee parchment in association to eucalyptus 
wood for production of particleboard was viable with 
addition until 10%, since these panels have reached the 
minimum of mostly standards. This waste can be used 
as alternative renewable raw material and promising to 
the declining wood supply in Brazil. 
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