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Evergreen Mediterranean hardwoods as particleboard raw material
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Abstract

Wood and biomass (branches and foliage) of five Mediterranean evergreen hardwood species (Quercus coccifera, Quercus ilex, Arbutus

unedo, Phillyrea latifolia, Erica arborea) growing in Greece were investigated as particleboard raw material. The average diameter of the

stems varied between the species from 4.1 cm (Erica arborea) to 7.5 cm (Quercus ilex) and the bark to wood ratio of the stems varied

between the species from 7.8% (Quercus ilex) to 15.9% (Erica arborea).

Bulk density of particleboard furnishes produced by processing the above materials through a chipper and a ring flaker varied between

the species from 143.6 to 162.5 kg/m3. Common industrial furnish reached in the used lab conditions a bulk density of 143 kg/m3. Particle

size and their distribution also varied between the hardwood species. One-layer laboratory particleboards made with the above materials

at densities of 650, 700 and 750 kg/m3 had considerable lower mechanical properties but better dimensional stability than boards made

with common industrial furnish. All properties were affected by wood species and board density. Internal bond of all boards was higher

than the value required by EN 319/1993 but adequate bending strength at moderate densities (0.70 kg/m3) was achieved only in boards

made with Arbutus unedo and Quercus ilex. Boards made with branches and foliage had very low mechanical properties.

r 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

A large part of the Mediterranean forest areas is covered
by evergreen hardwoods (Mediterranean shrubs). In
Greece, these forests occupy about 18.6% of the total
forest area [1] and include a great number of species the
most important of which are Quercus coccifera, Quercus

ilex, Pistacia lendiscus, Arbutus unedo, Arbutus andrachne,
Olea oleaster, Ceratonia siliqua, Phillyrea latifolia, Myrtus

communis, Erica arborea and several other species in small
percentage. The exact species compositions of these forest
areas depend on their site, site quality and altitude [2]. In
Greece, about 20% of these forests is being under regular
management with coppice silviculture practices and the
wood produced is used mainly for fuelwood and charcoal,
about 15% is used for grazing goats and the rest is left
unexploited. These forest areas represent a serious source

of wood fibers. In the light of worldwide growing demands
for wood products and energy, there is a need for a better
and more complete utilization of the woody biomass.
Particularly for Greece, which has a very high deficit in
wood products [3], exploring the possibilities of expanding
the utilization of the above resource is becoming a real
challenge.
In some studies [4–7], the evergreen hardwoods are

examined as a source of energy production, and only a few
studies [8–11] have examined the suitability of some species
for the production of wood composites. Passialis [7],
Tsoumis et al. [10], Voulgaridis [12] and Voulgaridis and
Passialis [13] examined the anatomical, mechanical and
chemical properties of most of the evergreen hardwoods
growing in Greece. Barboutis and Philippou [14] deter-
mined the compositions and the amount of the wood,
branches and foliage of the material harvested by clear
cutting three areas in Halkidiki (North-East of Greece).
In this study, the wood and biomass of five evergreen

hardwood species growing in Greece are studied as possible
particleboard raw material.
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2. Material and methods

Three plots of evergreen hardwoods were clearcut
harvested in Halkidiki [14]. The main wood species found
there were as follows: Arbutus unedo, Erica arborea,
Quercus coccifera, Quercus ilex and Phillyrea latifolia.
The harvested material of each species was separated in
two fractions: (1) ‘‘wood’’ which consisted of the stems
having diameter 43.5 cm and (2) ‘‘biomass’’ which
consisted of the stems having diameter o3.5 cm, branches
and foliage. In the ‘‘wood’’ fraction of each species, the
diameter of the stem and the percentage of wood and bark
on the stem were measured.

The ‘‘wood’’ of each species and the biomass (as
mixtures of all species) where processed into particleboard
furnish by passing through a chipper and a ring flaker in a
particleboard plant. For comparison purposes industrial
particles (furnish of a mixture of Pinus sp., Abies sp.,
Fagus sp., Populus sp., Aucoumea claineana and industrial
residues having an average density of 550 kg/m3) were
taken from the same plant. The particles were dried to
moisture content of 4%. Screening analysis and bulk
density of the particles of each species were determined.
Screen analysis was carried out by an Endecotts (type
EFL) screening machine. The length and thickness
of the particles of the two first fractions of screening
were measured to an accuracy of 0.1mm and their ratio
(slenderness ratio) [15] was estimated.

The particles of the above materials were used to make
16mm thick, one-layer laboratory particleboards of three
target densities of 650, 700 and 750 kg/m3. The boards were
made using 8% (dry weight) of an E2 UF resin, 2.5% (on
glue weight) ammonium chloride as catalyst and 1%
paraffin emulsion. The boards were pressed at 180 1C for
4min. The boards after conditioning in a room at 65%
relative air humidity and 20 1C were tested for static
bending (EN 310/1993), internal bond (EN 319/1993),
thickness swelling and water absorption after 2 and 24 h
(EN 317/1993).

3. Results and discussion

The results of this study are presented in Tables 1–4 and
Figs. 1–3.

Table 1 shows the stem characteristics of the five
hardwood species used in this study. The average stem
diameter varied from 4.1 cm (Erica arborea) to 7.5 cm
(Quercus ilex). Fig. 1 gives a picture of the size and form of
the material. The percentage of the bark varied between the
species from 7.8% (Quercus ilex) to 15.9% (Erica arborea)
of the stem diameter and decreased with increasing
diameter of stem. A parallel study [14] showed that the
average height of the stems varied between the species from
1.5 to 10m (average 5.5m) and the weight ratio wood/
biomass (branches+leaves) from 23/77 to 60/40 (average
50/50).

Table 2 gives the bulk density and the screen analysis of
the particleboard furnish. The bulk density of the furnish
varied between the species from 143.6 to 171.9 kg/m3. Due
to the geometry and quality of the processed particle bulk
density appeared to be independent of the wood density.
Quercus ilex and Quercus coccifera gave the lowest bulk
density even though they had higher wood density than the
other species. This was attributed to the roughness of the
particles. The particles of these two species were rather
rough and had abnormal form, while the particles of the
other species particularly of Arbutus unedo and Phillyrea

latifolia were smooth and flat. The ratio of bulk density/
wood density (compactness ratio) (Table 2) gives a better
index of assessing the effect of wood species on the bulk
density of the particles produced in the same way. Arbutus
and Erica had much higher compactness ratio than the
Quercus species. The industrial furnish had the highest
ratio.
Table 3 gives the screen analysis length, thickness

and slenderness ratio of the particles. The size and its
distribution of the particles varied between the wood
species. The percentage of the particles having size 44mm
varied from 10.5% to 15.6%, between 4 and 1mm varied
from 55.6% to 64.4% and o1mm varied from 22.1% to
30.1%. The percentage of the fine fraction was not related
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Table 1

Diameter of stems and bark percent

Species Stem

diametera

(cm)

Bark

thicknessb

(mm)

Bark % Wood %

Arbutus unedo 6.4 a (2.1) 1.3 (0.15) 7.9 a 92.1

Quercus ilex 7.5 a (1.6) 1.5 (0.19) 7.8 a 92.2

Quercus coccifera 6.2 a (2.3) 1.7 (0.20) 10.7 b 89.3

Erica arborea 4.1 b (0.9) 1.7 (0.22) 15.9 c 84.1

Phillyrea latifolia 6.8 a (1.3) 2.0 (0.28) 11.4 b 88.6

Values, followed by different letters, are statistically different (po0:05,
t-test).

aAverage of 75 measurements.
bAverage of 30 samples, S.D. in parentheses.

Table 2

Bulk density and screen analysis of wood chips

Species Bulk densitya

(kg/m3)

Wood density

(kg/m3)

Compactness

ratio

Arbutus unedo 162.5 a (5.1) 760b 0.21

Quercus ilex 145.0 b (4.5) 930b 0.16

Quercus coccifera 143.6 b (2.3) 950b 0.15

Erica arborea 157.4 a c (2.7) 760b 0.21

Phillyrea latifolia 171.9 d (3.6) 910b 0.19

Biomass 153.6 c (2.0) 860b 0.18

Industrial material 142.9 b (0.2) 550 0.26

aAverage of 15 measurements—values, followed by different letters, are

statistically different (po0:05, t-test), S.D. in parentheses.
bData taken from [13].

J.A. Barboutis, J.L. Philippou / Building and Environment ] (]]]]) ]]]–]]]2



to the percentage of bark on the stems as could be
expected. Industrial furnish had a lower percentage of
o1mm particles and much higher percentage of
44F41mm particles. The average slenderness ratio
(length/thickness) of the particles varied between the
various wood species in the 44mm fraction from 27.4 to
38.1 and in the 44F41 fraction from 25.2 to 32.0. The
particles of the industrial furnish had the lowest ratio in
both fractions (27.4 for the F44mm fraction and 25.2 for
the 44F41 fraction).

Table 4 gives the properties of laboratory particleboards
made with the various wood species. All boards made with
the furnish of the evergreen hardwoods had much lower
bending strength and internal bond, but better swelling and
water absorption than the boards made with industrial
furnish. Comparing the various evergreen species, Arbutus
unedo gave much better mechanical and physical properties
than the other species. Boards made with biomass (small
branches and foliage) had very low strength properties but
their dimensional stability was comparable to that of the
other boards.

Bending strength of all boards made from evergreen
hardwoods differs between the species. The species effect
on bending strength is better illustrated in Fig. 2, which
gives also the effect of board density on bending strength.
Arbutus unedo and Quercus ilex gave bending strength well
above the EN 310/1993 standard requirements at densities
4680 kg/m3, while Erica arborea and ‘‘biomass’’ did not
meet the requirements. Quercus coccifera and Phillyrea

latifolia gave adequate bending strength only at densities
4720 kg/m3. It is interesting to notice that the compression
factor (board density/wood density) [15,16] gives a better
index to access the effect of wood species on the properties
of the boards. From Fig. 3 it is obvious that boards with
adequate bending strength could be produced from
Arbutus unedo and Quercus sp. at compression ratios much
lower than 1.2.
Internal bond of all boards was higher than the

minimum requirements of EN 319/1993 standard and
increased linearly with board density. It was higher in
Arbutus unedo, lower in biomass and it did not differ
statistically between the other species.
Swelling and absorption were lower in Arbutus unedo

and Erica arborea while there were no statistical differences
between the other species.

4. Conclusions

The main conclusions drawn from this study are as
follows:

(1) The evergreen hardwoods represent a serious amount
of wood and biomass fibers that could be used for the
manufacture of particleboards. However, this material
is a rather difficult raw material. It consists of very thin
stems (diameter 4.1–7.5 cm) with a high proportion of
bark (7.8–15.9%) and foliage (about 50%) and it has a
high wood density.
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Table 3

Screen analysis and slenderness ratio of particles

Species Size fraction (mm) Screen analysis (%)a Length (mm)b Thickness (mm)b Length/thicknessb

Arbutus unedo F44 15.12 18.3 (10.6) 0.6 (0.40) 35.3 (22.1)

44F41 61.97 11.7 (6.1) 0.51 (0.33) 26.1 (18.5)

Fo1 22.91 — — —

Quercus ilex F44 14.41 23.4 (12.1) 0.76 (0.46) 36.2 (26.2)

44F41 57.67 12.4 (6.1) 0.51 (0.31) 28.4 (19.8)

Fo1 27.92 — — —

Quercus coccifera F44 15.55 22.9 (13.6) 0.71 (0.44) 38.1 (23.7)

44F41 55.61 11.3 (5.0) 0.48 (0.31) 26.8 (19.0)

Fo1 28.84 — — —

Erica arborea F44 10.47 18.9 (11.3) 0.74 (0.46) 30.0 (19.7)

44F41 62.38 13.5 (6.1) 0.46 (0.33) 32.0 (20.6)

Fo1 27.15 — — —

Phillyrea latifolia F44 12.63 19.4 (11.0) 0.82 (0.46) 27.8 (20.5)

44F41 57.27 13.4 (6.2) 0.54 (0.34) 28.7 (18.3)

Fo1 30.10 — — —

Biomass F44 13.60 20.4 (11.6) 0.76 (0.46) 31.7 (24.2)

44F41 64.42 13.2 (6.6) 0.51 (0.32) 28.8 (20.2)

Fo1 21.98 — — —

Industrial material F44 9.14 20.8 (8.6) 0.87 (0.40) 27.4 (20.6)

44F41 71.52 12.6 (5.4) 0.58 (0.31) 25.2 (17.3)

Fo1 19.34 — — —

aAverage of nine measurements
bAverage of 300 particles, S.D. in parentheses.
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(2) The processing of this material into particleboard
furnish did not meet serious difficulties. The wood
species affected the particle size and the bulk density of
the furnish products.

(3) All one-layer boards made with five evergreen hard-
woods had lower mechanical properties but better
thickness swelling/water absorption than boards made
from common industrial furnish. Internal bond of all
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Fig. 1. Harvested material of evergreen hardwoods (A, ‘‘wood’’; B, ‘‘biomass’’).

Table 4

Mechanical and hygroscopic properties of the laboratory particleboardsa

Wood species Board

density

(kg/m3)

Static bending MOR

(N/mm2)

Internal bond (N/mm2) Thickness swelling % Water absorption %

2h 24 h 2 h 24 h

Arbutus unedo 650 13.48 (1.59) 0.80 (0.05) 5.3 (0.8) 14.3 (1.0) 16.9 (1.9) 50.8 (2.0)

700 17.36 (1.66) 0.95 (0.08) 5.5 (0.6) 15.0 (1.1) 14.5 (1.2) 46.1 (1.7)

750 19.64 (2.04) 1.10 (0.06) 4.6 (0.9) 13.4 (1.7) 12.8 (0.8) 42.1 (2.6)

Erica arborea 650 10.72 (1.54) 0.63 (0.09) 4.8 (1.0) 12.7 (3.4) 12.7 (0.8) 44.7 (3.4)

700 13.78 (1.79) 0.77 (0.06) 4.8 (1.4) 15.2 (4.0) 11.6 (0.6) 44.2 (2.7)

750 15.72 (1.92) 0.85 (0.09) 4.8 (0.8) 16.9 (1.3) 12.2 (1.5) 47.4 (4.9)

Phillyrea latifolia 650 10.82 (1.58) 0.58 (0.06) 9.5 (2.2) 21.7 (3.4) 25.4 (2.4) 58.7 (1.5)

700 13.60 (2.21) 0.75 (0.10) 8.9 (1.4) 22.4 (2.3) 22.0 (1.2) 59.5 (4.9)

750 17.80 (1.30) 0.93 (0.12) 8.3 (1.4) 22.5 (3.5) 21.2 (2.5) 59.6 (3.6)

Quercus coccifera 650 10.01 (1.45) 0.51 (0.12) 6.8 (1.0) 14.1 (1.1) 28.8 (4.4) 70.3 (1.9)

700 15.30 (1.57) 0.83 (0.12) 7.0 (1.0) 16.6 (2.3) 21.6 (3.5) 58.0 (5.6)

750 18.58 (0.98) 0.83 (0.11) 7.0 (1.5) 18.3 (2.2) 17.7 (3.0) 51.4 (3.3)

Quercus ilex 650 12.73 (1.08) 0.59 (0.06) 7.3 (0.4) 14.9 (0.6) 24.8 (0.5) 61.2 (0.9)

700 15.24 (1.97) 0.74 (0.08) 7.2 (1.4) 17.3 (4.4) 22.7 (2.4) 57.5 (4.3)

750 19.42 (1.76) 0.93 (0.07) 7.5 (1.7) 19.5 (2.8) 18.0 (2.4) 51.3 (2.6)

Biomass 650 9.83 (1.34) 0.40 (0.61) 8.5 (0.5) 16.3 (1.9) 25.1 (1.6) 78.3 (7.6)

700 13.11 (1.65) 0.54 (0.80) 8.6 (0.7) 19.2 (1.7) 23.8 (1.1) 67.9 (7.2)

750 13.97 (1.63) 0.55 (0.80) 10.7 (2.4) 22.5 (2.4) 21.9 (1.7) 68.8 (4.5)

Industrial

material

650 19.20 (1.63) 0.90 (0.06) 11.1 (1.0) 22.5 (1.1) 26.7 (2.5) 66.2 (3.7)

700 23.08 (1.71) 1.05 (0.06) 10.7 (1.0) 24.1 (1.3) 23.6 (1.6) 69.2 (2.5)

750 25.01 (0.99) 1.06 (0.04) 9.7 (2.0) 23.5 (2.3) 20.3 (1.9) 58.1 (6.7)

aAll boards were made using 8% (dry weight) of an E2 resin and pressed at 180 1C for 4min.
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boards was higher than EN 319/1993 standard require-
ments, but adequate bending strength at moderate
board densities (E700 kg/m3) had only the boards
made from Arbutus unedo and Quercus ilex.

(4) Further research is needed to exploit ways of better
accommodating the above material in the production
of particleboard in terms of using admixtures with
other wood species, E1-resins, surface quality, tool
wear, etc.
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Fig. 2. Effect of species and board density on bending strength.

Fig. 3. Effect of species and compression ratio (board density/wood

density) on bending strength.
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