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Coir and Sisal Fibers as Fillers in the Production of Eucalyptus Medium Density 
Particleboards - MDP
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The aim of this study was to evaluate the potential use of sisal and coir fibers in combination with 
Eucalyptus particles for the production of particleboard. The particleboards were produced in three layers. 
The first and third layers (face) were made with small Eucalyptus particles. The second layer (core) was 
made with big Eucalyptus particles in combination with coir or sisal fibers. The particleboards were 
prepared with the substitution on Eucalyptus wood for sisal and coir fibers in the particleboards core, 
in doses of 0, 10, and 20%, relative to the total mass of particles. The particleboards were characterized 
by mechanical, physical and thermal properties. The results were not satisfactory for particleboards 
with sisal. However, for coir particleboards the physical-mechanical properties were very similar to 
those particleboards produced only with Eucalyptus. This work demonstrates the potential use of the 
coir that is commonly disposed in landfills on the Brazilian beaches.
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1. Introduction

Wood boards (or wood panels) can be defined as 
compounds of elements of the breakdown products of 
wood, such as plates, laths, particles and fibers, which are 
then surface coated with an adhesive to produce the boards. 
These new products are also known as reconstituted wood 
products and their properties are different from the original 
wood material1-3.

There are different kinds of wood boards/particleboards, 
among them the Medium density particleboard (MDP) and 
chipboards. The chipboards are composed of wood particles 
called slivers and form a single layer1-3. The MDPs are an 
evolution of the chipboards, by having three layers, two 
layers with smaller particles in the faces and one layer with 
bigger particles in the core of the board. They are usually 
produced with wood particles, and they are mainly used in 
the furniture industry. The raw material is typically used in 
Brazil is wood from planted forests of Pinus and Eucalyptus4. 
However, any lignocellulosic material can be used for the 
manufacture of particleboards, since they have adequate 

quality5-11. It is also possible to mix different types of wood 
to other materials when the lignocellulosic materials do not 
show adequate quality by themselves, such as: vine pruning 
residues12; poppy husk13; coir5; coffee stem14; maize cob15; 
coffee husk16; rice hulls17 and sugarcane bagasse11. The use of 
natural fibers as reinforcement has aroused great interest in 
developing countries because of their low cost, availability, 
energy saving, renewable source, non-toxic and also with 
regard to environmental issues18-20.

Among the materials that have potential are sisal fibers 
which are extracted from the leaves of the plant, Agave sisalana 
Perr. Sisal has interesting characteristics for reinforcement, 
both in composites and boards due to their good mechanical 
properties, low density and high availability21,22. Brazil is the 
largest producer of sisal fibers in the world 120,000 t per 
year with yields of around 800-1200 kg/ha, and accounts 
for 58% of the world production. In the industry, sisal is 
transformed into several varieties of yarns, cords, mats and 
blankets, being used for making various products, such as in 
reinforcing plastic composites, where researchers have shown 
promising results21,23-25. Another material with potential uses 
are the fibers from the husk of coconuts and these fibers are 
commonly know as coir, which after processing, produces 
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long and short fibers. The Brazil wastes most of its coconuts 
husks that coir fibers while countries like India and Sri Lanka 
are selling their fibers for multiple uses and generate money 
for the local economy. It is estimated that the waste amounts 
to more than US$ 60 million per year in Brazil21.

New  uses of these materials can result in social, economic 
and environmental development for the country. Sisal culti-
vation is concentrated in the semiarid region of northeastern 
Brazil, which has few economic alternatives. Small farmers 
produce most of the sisal with a predominance of family 
agriculture. New uses for coir can transform a waste into 
useful products21. The objective of this study was to evaluate 
the potential of using sisal and coconut fibers in combina-
tion with Eucalyptus particles for the production of MDP.

2. Material and Methods

2.1. Raw material

Eucalyptus urophylla particles, sisal fibers (supplied by 
Embrapa Cotton) and coconut fibers (coir) were used along 
with urea formaldehyde (UF) as adhesive. The Eucalyptus 
urophylla wood was 7 years old with a basic density of 0.560 
g.cm-3 and bulk density of 0.586 g.cm-3 (11.8% moisture). 
This wood has grown in Paracatu-MG-Brazil and obtained 
from Companhia Mineira de Metais.

The sliver particles were generated with a hammer mill 
and subsequently classified in sieves of 14, 40 and 120 mesh. 
The particles retained in the sieves of 120 and 40 mesh were 
used for the faces and core, respectively. 

Asasutjarit et al.26 found that the best performance of 
cement/coir boards were those with coir fiber lengths between 
1 to 6 cm. According to those researchers long fibers decrease 
the workability and increase the void space. Besides this, the 
longer the fiber length both water absorption and thickness 
swelling was higher. Based on this the lignocellulosic fibers 
were cut manually with the aid of scissors to approximately 
3 cm lengths.

The particles and fibers were dried in an oven at 90°C 
until final moisture content of 4%.

The adhesive (UF) used had the following characteristics- 
pH = 9.15, solids content = 53% and viscosity = 0.261 Pa.s.

2.2. MDP production

The adhesive (UF) was spread using a rotary blender in 
two stages. First the adhesive was applied to smaller particles 
in a proportion of 11% (dry basis weight of the particles). The 
bigger particles (plus fibers) were coated with the adhesive 
in a proportion of 8% (dry basis weight of the particles). 
More adhesive was used for the smaller particles because 
they have higher surface area to volume coated to larger 
particles and therefore need more adhesive to guarantee 
good adhesion. Three particleboards were produced for 

each treatment with a nominal density of 0.750 g.cm-3 in 
three layers, face/core/face, with the proportion of 20/60/20 
(basis of particles weight), respectively. Three sisal/coir 
proportion were used (0,10 and 20%) and were mixed with 
the Eucalyptus particles in the core (Table 1). As mentioned 
earlier the only smaller wood particles of 120 mesh were 
used as surface layers, with no coir or sisal present.

Table 1: Treatments with their composition.

Treatments Face 
(20% each) Core (60%)

EU E. urophylla 100% E. urophylla

CO-10 E. urophylla 90% E. urophylla + 10% of coir

CO-20 E. urophylla 80% E. urophylla + 20% of coir

SI-10 E. urophylla 90% E. urophylla + 10% of sisal

SI20 E. urophylla 80% E. urophylla + 20% of sisal

The particle mattress was subjected to a pre-pressing in 
a hydraulic press at a pressure of 0.78 MPa and subsequently 
transferred to a hot press. The hot press cycle underwent 
a pressure of 3.92 MPa at 160°C for 8 minutes. After the 
pressing and subsequent cooling the edges of the four sides 
of the boards were cut off, resulting in final dimensions 
of 47x47x1.5 cm. The boards were then placed in a 
controlled chamber for (22±2°C and 65±5% of moisture) 
for acclimatization until constant weight was achieved prior 
to physical and mechanical characterization. The production 
steps are summarized below (Figure 1).

Figure 1: MDP production. (a) Adhesive application to smaller 
particles. (b) Adhesive application to bigger particles plus fibers. 
(c) Particle mattress after the pre-pressing. (d) Particle mattress 
during the hot press.

2.3. Physical, mechanical and thermal properties 
evaluated 

The particleboards were characterized by testing their 
physical, thermal and mechanical tests using standardized 
tests specified in Table 2.
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The CR is the relation between the density of the boards 
by the density of the material. As noted in Table 3, the CR 
values increased as it included sisal/coir fibers and this is 
due to the lower density. The densities of the material were 
measured to be; sisal 0.368 g.cm-3 (12.75% of moisture); coir 
0.460 g.cm-3 (12.15% of moisture); Eucalyptus 0.586 g.cm-3 
(11.8% of moisture). According to Maloney28 the ideal CR 
values are between 1.3 and 1.6. The recommendation of the 
author to the mentioned CR range is partly because of CR 
lower than 1.3 result in lower mechanical strength and high 
values of CR more than1.6 creates problems as dimensional 
instability of the boards. All the MDPs in this study had a 
CR in the recommended range between 1.3 to 1.6.

3.2. Bending (MOE and MOR)

The mean values of MOE and MOR for the different 
treatments are shown in Figures 2 and 3, respectively. There 
was very little difference in the MOE between the samples 
CO-20, EU and CO-10. This was also true for MOR for 
EU, CO-10 and CO-20. The coir particleboards values are 
below those found for Khedari et al.31 however, the authors 
produced particleboards only with coir, which resulted in 
an MOR of 25 MPa and MOE of 2857 MPa. This probably 
because using a single material of only coir fibers would 
probably have better dispersion than in the present case 
where fibers are mixed with particles. Secondly, longer 
fibers can result in improved reinforcement instead of a mix 
or particle and fibers.

The MDPs with higher amount of sisal and coir (20%) 
showed higher standard deviation than the MDPs with 
10% of sisal and coir. This may be due to factors related 
to the processing, since the distribution of the particles and 
fibers were performed manually, making it more difficult 
to evenly disperse the two materials when the amount of 
fibers is increased. During the adhesive application, it was 
observed that sisal fibers tend to clump together in the rotary 
blender and it is thus difficult for the UF to get in between 
the fiber clumps and this is reflecting by lower MOE and 
MOR of the boards.

Coconut coir has low amounts of hemicellulose and a 
high amount of lignin 41-45%32-34. Lignin has the ability 
to act as an adhesive and increases the strength of the fiber 
bond but this depends on the type of lignin and amount of 
moisture and temperature of processing35-37. Particleboards 

Table 2: Properties evaluated

Properties Symbol Standard/
Equipment

Density D EN 323 27

Compression ratio CR MALONEY 28

Water absorption after 2h WA2h ASTM D1037 29

Water absorption after 24h WA24h ASTM D1037 29

Thickness swelling after 2h TS2h ASTM D1037 29

Thickness swelling after 24h TS24h ASTM D1037 29

Thickness non-return ratio TNRR ASTM D1037 29

Bending modulus MOE DIN 52362 30

Bending strength MOR DIN 52362 30

Internal bond IB ASTM D1037 29

Thermal conductivity TC ISOMET

The compression ratio was calculated by dividing the 
density of the particleboard by the density of the material. 
The dimensions of the particleboards and wood, for the 
calculation of the volume, were measured with a caliper, 
but the sisal and coconut dimensions have been calculated 
using a microscope.

The thermal properties were measured with the equipment 
ISOMET model 2104. The samples with 6x6x1.5 cm were 
stored in a controlled chamber (20°C and 65% of moisture) 
until constant weight before being tested. Five samples were 
measured for each set of samples.

The data were analyzed as a completely randomized 
design and the properties were compared by the mean values 
and standard deviation.

3. Results and Discussion

3.1. Density, moisture and compression ratio

The density and moisture of the boards are graders 
characteristics that ensure fairness between treatments, thus 
allowing to proceed with the comparison between the average 
values of physical and mechanical properties. The density 
of the MDPs ranged from 0.757 to 0.776 g.cm-3 (Table 3). 
All the boards were classified as medium density, referring 
to boards with density between 0.590 to 0.800 g.cm-3 1. The 
moisture ranged from 9.43 to 9.80%. Both those properties 
showed a slight variation of the mean values.

Table 3: Values of the particleboards density, humidity and compression ratio.
Treatments Density (g.cm-3) Moisture (%) Compression ratio

EU 0.757±0.007 9.74±0.07 1.3±0.0

CO-10 0.760±0.026 9.63±0.19 1.4±0.1

CO-20 0.773±0.010 9.80±0.07 1.4±0.0

SI-10 0.776±0.010 9.53±0.05 1.4±0.0

SI-20 0.763±0.007 9.47±0.10 1.4±0.0
Mean values followed by the standard deviation. Density (Bulk density)
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Figure 2: Histogram of the mean values for bending modulus 
(MOE). Bars indicate standard deviation.

Figure 3: Histogram of the mean values for bending strength 
(MOR). Bars indicate standard deviation

that have a high lignin content will be stronger as long as 
sufficient moisture and temperature is used. High amount of 
coir improves the cross-links between fibers and decreases 
space and void32. Besides that, sisal is a hard fiber and it is 
more difficult to press than coir, which increase the amount 
of void, impairing the mechanical properties (MOR, MOE 
and IB).

Colli et al. 5 produced particleboard from Paricá wood 
(Schyzolobium amazonicum) with coir (0, 10, 20 and 30%). 
For MOE, the coir inclusion did not changed the mean values, 
however the mean values for MOR were higher for boards 
with high amount of coir (20 and 30%). It is possible that 
better dispersion of fibers resulted in the fibers reinforced 
the boards more efficiently and this effect is greater with 
higher amounts of fibers.

Melo et al.17, investigated the association of rice hulls (0, 
20, 40, 60, 80 and 100%) with wood (Eucalyptus grandis) 
in chipboards with 0.650 g.cm-3 of nominal density. The 
authors observed a decrease in the mechanical property 
values with an increase in the percentage of rice husks- here 
MOE decreased from 1225 to 196 MPa and MOR from 14.7 

to 3.9 MPa. César et al.14 and Mendes et al.16 observed the 
same trend in with the use of coffee stem and coffee husk 
in chipboards. This may be due to waxy surface layers on 
the husks which could create a weak boundary layer38,39, 
although this aspect was not studied by the authors.

ANSI A208.140 stipulates the average minimum values 
of 1764 MPa for MOE and 11.3 for MOR for particleboards/
chipboards made with urea-formaldehyde (class M1). In 
this study, none of the MDPs made with sisal fibers met the 
minimum requirements for MOE, however, for MOR all sisal 
MDPs attained the average minimum value required by the 
standard. In the case of coir/wood boards both MOE and 
MOR exceeded the ANSI standards noted above.

3.3. Internal bond strength (IB)

The mean IB values of all the boards in this study are 
shown in Figure 4. The data demonstrate that the IB decreased 
with an increase of the sisal and coir amount, although the 
decrease was more pronounced for sisal MDPs. The decrease 
in IB values can be attributed to the sizing (dispersion of 
the UF adhesive) process of particles and fibers, because the 
clumps of fibers may have impaired the adhesive dispersion 
process and the uniform distribution of the wood particles 
and fibers. This was especially visible in sisal MDPs, which 
after sizing, clumps of fibers were observed. As mentioned 
previously, these fiber clumps prevented the dispersion of 
the adhesive in the middle of the clumps, thereby impairing 
the bonding of the materials, since some regions may have 
had no adhesive. The application of the adhesives is directly 
related to the quality of gluing the boards and the IB test41,2. 
The reduction in the length of the sisal fibers in future work 
can facilitate and improve the mixing of particles and fibers, 
which in turn can improve the dispersion of the adhesive 
and bonding.

This decrease in IB was also observed while using 
particles of corncob by Scatolino et al.15 (0, 25 50, 75, 
100%) mixed with wood (Pinus oocarpa) in chipboards. 

Figure 4: Histogram of the mean values for the internal bond 
property (IB). Bars indicate standard deviation
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The mean values decreased from 1.1 to 0.3 MPa with the 
corn cob inclusion. The authors attributed the results to the 
low density of corncob, because the increase in the number 
of particles entailed a reduced availability of adhesive per 
particle, which reduce the adhesion strength and therefore 
the IB strength. Materials that have lower density generate 
a larger amount of particles for a given weight and thus a 
higher specific surface requires higher amounts of adhesive 
to obtain good properties41. The same decrease was observed 
for Mendes et al.16 with the inclusion of coffee husk in 
chipboards made from Eucalyptus urophylla and Mesquita 
et al.6 with inclusion of sisal.

The minimum IB required by ANSI A208.140 is 0.40 MPa 
for UF adhesive (MS class). Only the MDPs with 20% of 
sisal incorporation did not meet the minimum requirements.

3.4. Thickness swelling (TS) and water 
absorption (WA)

The mean values for TS properties, TNRR and WA for 
all treatments, are presented below (Figures 5 and 6).

The MDPs reinforced with coir fibers showed satisfactory 
results for TS and WA after 2 and 24 hours. The mean values 
for CO-10 and CO-20 were very similar to those made just 
with particle wood (EU). However, the addition of sisal 
resulted in a significant decrease of these properties and 
this is probably due to higher amount of voids because of 
poor particle and fiber dispersion along with fiber clumping 
and poor bonding that facilitated the entry of water. MDPs 
with sisal showed almost the double values of TS and WA 
after 24 hours, compared to EU, CO-10 and CO-20. Similar 
results had been observed by César et al.14 working with 
lignocellulosic waste and the authors attributed this to bonding 
problems caused by possible chemical incompatibility or poor 
distribution between the adhesive and particles. The same 
trends were observed for Mendes et al.16 with the inclusion 
of coffee husk in chipboards. Coconut coir has low amounts 
of hemicellulose and a high amount of lignin 41-45%32-34. 
Lignin has the ability to act as an adhesive and increases the 
strength of the fiber bond but this depends on the type of lignin 
and amount of moisture in the material35-37. Particleboards 
that have high lignin content will be rather stronger with 
a higher water resistance. Higher amount of coir improves 
the cross-links between fibers and decreases space and void 
32. Sisal is a hard fiber and it is more difficult to press than 
coir, which increase the amount of void, increasing the WA.

Keskin et al.13 found similar results for TS after 2 and 
24 hours using wood pine plus poppy husk up to 25%. The 
treatment with 25% of poppy husk was statistically equal 
to those made only with wood pine. Using higher amount 
of poppy husk (50, 75 and 100%) increased the TS and 
decreased the IB, MOE and MOR.

The UF adhesive have low water and weather resistance. 
The aminomethylene linkage is susceptible to hydrolysis, 

Figure 5: Histogram of the mean values for the thickness swelling 
after 2 hours (TS2h), thickness swelling after 24 hours (TS24h) and 
thickness non-return ratio (TNRR). Bars indicate standard deviation

Figure 6: Histogram of the mean values for the water absorption 
after 2 (WA2h) and water absorption after 24 hours (WA24h). Bars 
indicate standard deviation

which means that the reaction that forms the UF is reversibile 
when it is attack by water and this is also responsible for 
the formaldehyde emission. The water causes swelling and 
therefore movement of the structural components of the 
MDP contributing to break the bonding between resin and 
wood surface sites due to mechanical forces and stresses42-44.

Colli et al.5 produced particleboard from Paricá wood 
(Schyzolobium amazonicum) with coir inclusion (0, 10, 20 
and 30%) and they did not find difference between the mean 
values for WA and TS. Khedari et al.31 produced particleboards 
with only coir and the boards had a 53% for TS and 78% for 
WA. However, those authors produced particleboards with a 
lower density (0,648 g.cm-3), which contribute to increased 
voids thus increasing the WA and TS values.

Scatolino et al.15 observed the same for WA when they 
increased the amount of corn cob in chipboards, but for 
TS24h the mean values decreased. The authors attributed this 
to the increase of compression ratio and the largest amount 
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Figure 7: Histogram of the mean values of thermal conductivity. 
Bars indicate standard deviation

of extractive corn cob. Apart from WA and TS, extractives 
such as surface waxes can result in a weak boundary layer 
38 and this will play a role in MOR and IB strengths such as 
the work on wheat straw39, as discussed earlier.

According Hillig et al. 45 and Malloney 28 the physical-
mechanical properties of the boards are influenced by the 
CR and low CR values do not produce good contact between 
the particles, impairing the bonding and strength of the 
boards. In addition the boards have higher spaces/voids 
which facilitate the water absorption. However in the current 
study the CR is within the range recommended (1.3 to 1.6) 
suggesting that poor adhesive dispersion for sisal fibers and/
or possible chemical incompatibility between adhesive and 
material due to extractives or otherwise.

The ANSI A208.140 provides values for only the TS24h that 
is 8% for the chipboards produced with urea-formaldehyde. 
Therefore, none of the MDPs produced met the minimum 
requirement stipulated by the standard.

4. Thermal Properties

4.1. Thermal conductivity

The samples for thermal properties were stored in a 
controlled chamber with 20°C and 65% of moisture until 
constant weight. The samples had the density and moisture 
measured before the test (Table 4).

The thermal conductivity was directly related to the density 
of the MDPs (Table 4 and Figure 7) and the conductivity 
decreases with density. This can be explained by the change 
in the number and/or volume of voids both between and 
inside particles owing to their densification. These voids 
are occupied by air, and since air has a lower thermal 
conductivity than the wood46. The relationships between 
density and thermal conductivity were also observed by for 
Bekhta and Dobrowolska46 when studying the properties 
of wood-gypsum boards and also by Sampathrajan et al.47 
measuring properties of boards made from farm residues.

Some researchers try to produce materials with low 
thermal conductivity, so as to reduce heat transfer and 
decrease the energy consumption of the building facilities. 
Thermal conductivity is an indicator of the value of a 
material as a heat insulator and lower thermal conductivity 
indicates that the material is better for thermal insulation. 
This is interesting for energy saving when used for ceiling 
and wall insulating material/boards32,48. These same authors 
found values for particles boards (0.258 g.cm-3) about 
0.029 W m-1 K-1, and they recommended those boards for 
thermal insulation. 

Table 4: Apparent density and moisture of the samples used for the thermal properties

 EU CO-10 CO-20 EU-10 EU-20

Density (g.cm-3) 0.774±0.081 0.727±0.026 0.713±0.053 0.702±0.068 0.774±0.056

Moisture (%) 9.37±0.09 9.28±0.08 9.33±0.13 9.29±0.07 9.09±0.05

Khedari et al.31 produced coir particleboards just with coir 
and found mean values of 0.1445 Wm-1K-1 (0.648 g.cm-3 of 
board density). Lower values (0.1117 Wm-1k-1) were found 
for particleboards (0.611 g.cm-3) made with 90% of coir 
and 10% of durian32.

Yapici et al.49 founded that the thermal conductivity were 
affected by adhesive ratio and pressing time for oriented 
strand boards (OSB). It was observed that increasing the 
amount of adhesive and pressing time increases the thermal 
conductivity. The thermal conductivity values, found by 
Yapici et al.49, range from 0.129 to 0.170 Wm-1k-1. This is 
obvious since higher the amount of adhesive and higher 
pressure reduces voids and increases conductivity.

5. Conclusions

In general, the inclusion of sisal fibers in the MDP 
production was unfeasible, since it resulted deterioration 
in all properties analyzed. The inclusion of coconut fibers 
proved feasible, since for most of the properties the MDPs 
with coconut achieved the same performance of MDPs from 
Eucalyptus urophylla. The use of this material contributes 
to the development of more sustainable materials, since it is 
a waste, which often is rather simply discarded on beaches.

Further studies need to be done in order to study ways to 
improve the homogenization of the material and the adhesive 
application. It should also verify the economic viability of the 
use of this waste, once the technical feasibility has already 
been demonstrated in this work.
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