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1. INTRODUCTION 
Particleboards (PB) are pressed panels made out of wood 
particles or other lignocellulosic materials and an adhesive 
under pressure [1]. They possess a number of valuable prop-
erties, such as: high density, high durability, abrasion resist-
ance, high surface hardness etc. [2; 3]. Particleboards are wi-
dely used throughout the world in the production of home 
and office furniture, house construction, as well as interior 
design elements, flooring  systems,  etc. [4; 5].

The forestry industry generates a considerable amount 
of waste, such as bark, off-cuts, slabs, rejects, etc. Many 
of these are small size wastes, for example sawdust and 
shavings obtained in the processing of solid wood materials 
[6]. The release of waste is a serious problem and its incorrect 
solving leads to an irrational utilization of the wood. On 
the other hand, conditions for environmental pollution are 
created [7; 8; 9]. In recent years, wood waste has a great 
application as a raw material for combustion, as well as in 
the production of pellets, briquettes, etc. [10].

Furthermore, the consumption of wood and products made 
from wood has been rapidly increasing year by year. This 
requires searching for more rational methods for utilization 
[11; 12].

There are various technological processes for the produc-
tion of shredded wood composites. In addition, the assort-

ment of manufactured products covers more than 100 types 
of panels and volume pressed products with different oper-
ational properties [13; 14].

The qualitative indicators of the different types of boards 
are regulated by the relevant standard requirements. The 
quality of the manufacturing particleboards depends on the 
influence of many factors, such as: particle density, partic-
le size, pressing time, press temperature, type of adhesive 
etc. [15; 16; 17]. In this regard, the physical and mechanical 
properties of the boards can be improved by regulation of 
these factors [18; 19; 20; 21]. The objective of this research 
was to evaluate the effect of pressing time on some physi-
cal and mechanical properties of particleboards made from 
softwood.

2. MATERIAL AND METHODS
For the production of panels, particles from softwood (Pi-
nus sylvestris L.) were used. The size of particles in the mix-
ture was 0.5-1 mm- 20 %; 1-3 mm- 60 % and 3-5 mm-20 %, 
respectively. The target dimensions of the experimental 
one-layer particleboards were 500×500×8 mm. Commer-
cial urea-formaldehyde (UF) resin (type UFR 1;“Neochim“ 
PLC Dimitrovgrad) with solid content 70 % and hardener- 1 
% ammonium chloride was used as an adhesive. The amount 
of the applied resin was 20 % in relation to the mixture.

After mixing of raw materials, particleboards were manu-
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factured by pressing at temperature of 150oC, pressure of 2 
MPa and pressing time of 15, 30, 60, 90 s/mm-1. Four ex-
perimental boards were produced for each pressing time. 
Boards were conditioned at 20oC and 65 % relative humid-
ity for five days prior to testing the following physical and 
mechanical properties: density, moisture content, water ab-
sorption, thickness swelling and bending strength.

The measurement of the density of the particleboards were 
made in accordance with BDS EN 323:2001 [22] using equ-
ation 1:

V
m

=ρ , kg.m-3,                                                         (1)

where: m is the mass of  the test sample (kg); V is the volume 
of the test sample (m3).

The dimensions of the test specimens for determination of 
density, moisture content, water absorption and thickness 
swelling were 50×50×8 mm.

The moisture content of the experimental particleboards 
was evaluated according to BDS EN 326-1:2001 [23]. It was 
calculated using equation 2:
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where: mн is the initial mass of  the test sample (g), m0  is the 
mass of  the test sample after drying (g). 

The water absorption of the particleboards was measured in 
accordance with BDS EN 317:1993 (equation 3) [24]:
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where: m1 is the mass of the test sample before immersion in 
water (g), m2 is the mass of the test sample after immersion 
in water (g).

The thickness swelling was determined in accordance with 
BDS EN 317:1993, using the following equation:
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where: t1 is the thickness of the test sample before immersi-
on in water (mm), t2 is the thickness of the test sample after 
immersion in water (mm).

The bending strength test was carried out according to BDS 
EN 310:1999 [25]. Eight specimens for each pressing time 
with dimensions 200×50×8 mm were prepared. The calcula-
tions were based on the equation 5:
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where: Fmax is the failure load (N), l1 is the distance betwe-

en the centers of the supports (mm), b is the width of 
the test sample (mm), t is the thickness of the test sample 
(mm).

The results were calculated based on statistical methods and 
the following parameters were determined: average arith-
metical values ( ), average quadratic diversion (Sx), average 
error (mx) and index of accuracy (px).

3. RESULTS AND DISCUSSION
The effect of pressing time on the density is shown in Fig. 1. 
According to data, the increasing of pressing time leads to 
increase the density of particleboards. The values obtained 
ranged from 672 to 953 kg.m-3.

Figure 1. Density of particleboards depending on the pressing time

The highest density (953 kg.m-3) was obtained at samples 
with a pressing time of 90 s.mm-1. The density has a signif-
icant effect on the other properties of particleboards. The 
increase of pressing time leads to an increase in the density 
of the pressed panels. This is due to the compaction of the 
wood under pressure and temperature, especially the facial 
layers that are in contact with the hot press.

The results from determining the moisture content of the 
experimentally obtained panels are given in Fig. 2. This indi-
cator progressively increases with an increase in the press-
ing time- from 6.90% (at 15 s.mm-1) to 7.60% (at 90 s.mm-1). 
In this assay, the moisture content of the source wood was 
7.75% and that of the particleboards was 7.65%, respectively.

Figure 2. Moisture content of particleboards depending on pressing time

Table 1 summarizes the obtained results of water absorption 
depending on pressing time. As can be seen from data, the 
particleboards obtained at pressing time of 60 s.mm-1 had 
greater water absorption in comparison to these obtained 
at pressing time of 90 s.mm-1. The latter had about fifteen 
times lower values and they possess better water resistance.
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Table 1. Water absorption of particleboards depending on the pressing 
time

Pressing 
time 

(s.mm-1)
X
(%)

Sx

(%)
mx

(%)
px

(%)
n

60 77.66 0.64 0.20 0.26 32

90 5.34 0.18 0.06 1.07 32

*n- number of samples

The samples obtained at pressing time of 15 and 30 s.mm-

1 did not show any water resistance because of their dest-
ruction. Similar results were established also for thickness 
swelling. At pressing times of 15 and 30 s.mm-1, the wood 
particles do not compress enough. In general, the time is 
insufficient for their compaction and adhesion. For this re-
ason, the obtained panels were destroyed at removing from 
the press. This in turn led to the inability to determine their 
water resistance.

The average values at investigation of thickness swelling are 
given in Table 2. It includes data from evaluation of particle-
boards at pressing time of 60 and 90 s.mm-1, respectively. A 
better value showed panels with a pressing time of 90 s.mm-

1. 

Table 2. Effect of pressing time on the thickness swelling of particle-
boards

Pressing 
time 

(s.mm-1)
X
(%)

Sx

(%)
mx

(%)
px

(%)
n

60 60.06 3.29 1.04 1.73 32

90 4.95 0.31 0.098 1.97 32

*n- number of samples

The effects of pressing time on the bending strength of par-
ticleboards are shown in Fig. 3. 

Figure 3. Bending strength of particleboards depending on pressing time

The bending strength of boards increases from 4.41 to 32.06 
N.mm-2 or about 7 times with an increase in the pressing 
time from 15 to 90 s.mm-1. The bending strength of panels 
obtained at pressing time of 90 s.mm-1 was about four times 
better than these obtained at pressing time of 30 s.mm-1. The 
highest value was found at pressing time of 60 (14.91 N.mm-

2) and 90 s.mm-1 (32.06 N.mm-2), respectively.

The bending strength increased with increase in the density 
of the wood due to the pressure and temperature during the 
pressing. The tree species with higher density are charac-
terized with greater bending strength. The latter property 
affects the production of the wood based panel products.

4. CONCLUSIONS
In this research some physical and mechanical properties 
of one layer particleboards produced from Scots pine were 
determined according to the standards. The following conc-
lusions can be drawn from the obtained results presented 
above:

1. The greatest density was established for particleboards at 
pressing time 90 s.mm-1.

2. For just one parameter, bending strength, one highest va-
lue was obtained at pressing time 90 s.mm-1.

Therefore, these panels can be used as a construction mate-
rial in the furniture industry.

3. The lowest values for physical properties water absorption 
and thickness swelling at pressing time of 90 s.mm-1 were 
determined. For this reason, these panels are characterized 
by the best water resistance.
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