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Abstract:

Wood waste, which constitutes an important component of solid waste, is produced by the wood
industry, and especially in the processing one. The wood industry includes tree bark, sawdust, planer
shavings, sander dust etc. produces unwanted products and/or wastes. This study investigated the usability
of sawdust of fruit trees in the production of Medium Density Fiberboard (MDF) and some technological
properties of the produced MDF panels. Sawdust of fruit trees was mixed to beech fibers at the ratio of 10,
20 and 30% by weight. The mats were manually formed using 13% urea formaldehyde and pressed at a
temperature of 185 for 8 min in a computer control press. The MDF panel samples of water absorption
(WA), thickness swelling (TS), surface hardness, surface roughness, MOR and MOE were investigated. It
was determined that the values of WA and TS decreased with increasing the ratio of sawdust. Modulus of
rupture (MOR), modulus of elasticity (MOE), surface hardness, surface roughness parameters (R, Rq and
R,) values of panel samples increased with increasing the ratio of sawdust from panels. Based on these
results, it is advisable that wood sawdust fruit-trees can be used as an alternative raw material source in
MDF production.
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INTRODUCTION

With increasing global environmental awareness, the field of wood waste management has become
an important issue in recent years. Global warming, significant environmental degradation and deforestation
have prompted efforts to find sustainable ways on reducing wood waste. Reducing the amount of raw wood
used, slowing down the rate of deforestation, and protecting the area of old-growth forests are all possible
with sustainable wood waste management (Olszewski et al. 2023).

Wood is a natural resource, having definite chemical and physical properties that can be utilized in a
variety of applications such as packaging, furniture, construction, and energy. Upon reaching the end of its
life, wood-based waste is recognized as a valuable material, as it has the potential for both energy recovery
and recycling process (Faraca et. al. 2019). The sustainable management of wasted forest biomass is made
possible by the utilization of alternative raw materials. Less valuable wood waste resulting from the
processing of wood such as wood chips, wood pulp, sawdust and shavings also reduces the panel
production costs (Pedzik et al. 2022a). Nguyen et al. (2023) stated that most of the studies carried out in the
waste wood type sector is related to wood-based panels.

As it is known, a lot of wood-based waste is generated during the use of wood raw materials in various
industries. Therefore, these natural wastes need to be evaluated more rationally, not only as fuel but also as
alternative raw material sources. Thus, while contributing to the environment, alternative solutions can be
produced for decreasing raw material resources.

Tarkiye's suitable climatic conditions allow many fruit trees to grow in the country (Gul and Akpinar
2006, Topaloglu et al. 2019). According to TUIK (2023), especially apple, pear, olive, loquat and persimmon
are among the fruit trees grown in the country. Diospyros lotus L., which is in the Ebenaceae family, can
grow up to 10-15 m tall and sheds its leaves in winter (Merev 2003). Edible fruits, leaves and timber of some
species of the Diospyros genus are of commercial importance (Rauf et al. 2017). It is also stated that some
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species are used in the production of high-quality furniture, carving, and musical instruments due to their
high density and hard wood (Noda et al. 2002, Kiaei and Bakhshi 2014). Olea europaea L. (olive), belonging
to the Oleaceae family, is a woody plant in the form of evergreen shrubs and trees (Merev 2003), growing in
the Mediterranean basin (Mansour-Gueddes et al. 2018). Olives are of great commercial importance in
Turkiye and play an important role in the agricultural and processing sectors of olive-producing countries
(Tous and Ferguson 1996). In addition to that, olive wood has been used for high-end turned objects,
carving, indoor furniture, veneer, flooring, and tool handles or high-end knife because it is adaptable and
strong properties. Biomass as a source of energy is the first and primary use for olive tree wood (Aliafio-
Gonzalez et al. 2022). Eriobotrya japonica (Thunb.) Lindl., within the Rosaceae family, subtropical regions of
China, Japan, India and the Mediterranean areas. It is a small evergreen tree that grows in these regions. It
is grown for both its fruit and ornamental tree (Tous and Ferguson 1996, Lin et al. 1999). As known, although
fruit tree woods are not commonly utilized in the wood-based panel industry, these woods can be considered
as species that possess potential for utilization in various usage areas.

Numerous studies have been conducted on the utilization of various wood wastes and forest residues
in the production of wood-based panels (Nemli and Aydin 2007, Akgil and Tozluoglu 2008, Ayrilmis et al.
2009, Bardak et al. 2010, Lykidis et al. 2014, Yel et al. 2014, Lykidis et al. 2016, Ustadmer et al. 2017, Savov
et. al. 2019, Tas and Sari 2022, Pedzik et al. 2022a, Pedzik et al. 2022b). When the relevant literature is
examined, it is understood that there are not much researches on the use of sawdust of end-of-life fruit trees
grown in Turkiye as alternative raw materials in MDF production. Therefore, it would be beneficial to conduct
further research on the benefits and feasibility of using wood waste of fruit-trees.

OBJECTIVE

The objective of the study was to evaluate the selected properties such as water absorption (WA),
thickness swelling (TS), modulus of rupture (MOR), modulus of elasticity (MOE), surface roughness
parameters (R,, Rg, R,) and surface hardness of medium density fiberboard, produced from commercial
beech fiber and sawdust of Diospyros lotus L., Olea europaea L. and Eriobotrya japonica Lindl. wood of fruit
trees. In addition, other aim is to investigate the usability of sawdust from the stem wood of these three fruit-
trees as wood waste in the production of MDF.

METHOD

In the present study, the stem wood of three fruit-trees, that is growing in the Eastern Black Sea region
of Turkiye and commercial beech fibers were used. These fruit trees are date plum (DP), olive (O) and loguat
(L) trees. Before manufacturing process, the sawdust obtained from the stem wood were converted into
small-sized fibers. Beech fibers and sawdust were dried until they reached 2% moisture content. Then, the
ratio of 10%, 20% and 30% sawdust by weight was mixed with 13% urea formaldehyde into the beech fibers
and mats were manually formed. The mats were pressed in a press for 8 minutes and at a press
temperature of 185°C. Three panels were produced for each group. The DP panel groups are observable in
Fig. 1. Before preparing the test samples, the produced panels were conditioned at a temperature of 20°C
and 65% relative air humidity conditions for 24 hours, until test samples reached a constant weight. Table 1
lists the panel groups and panel type contents.

Fig. 1.
Sample panels- A (DP-1), B (DP-2), C (DP-3) and D (Control).

10



ONLINE ISSN 2069-7430 PRO LIGNO Vol. 20 N° 1 2024

ISSN-L 1841-4737

www.proligno.ro pp. 9-16
Table 1
MDF Panel groups
Panel groups Contents
DP-1 90% fiber + 10% sawdust
Date Plum DP-2 80% fiber + 20% sawdust
DP-3 70% fiber + 30% sawdust
0O-1 90% fiber + 10% sawdust
Olive 0-2 80% fiber + 20% sawdust
0-3 70% fiber + 30% sawdust
L-1 90% fiber + 10% sawdust
Loquat L-2 80% fiber + 20% sawdust
L-3 70% fiber + 30% sawdust
Control C 100% fiber (without sawdust)

Water Absorption and Thickness Swelling

Water absorption (WA) and thickness swelling (TS) of panel samples were determined according to
TS EN 317 (1999) standard. Test samples with dimensions of 50mm (length) x 50mm (width) x 10mm
(thickness) were placed in a flat beaker filled with distilled water. Measurements were performed after 2
hours and 24 hours of immersion of water. The relations of these tests were (Eg. 1):

mf m;

WA = 100 [%] TS = f -100 [%] 1)

where: m¢-final mass, in g; mi-initial mass, in g and t-final thickness, in mm; t-initial thickness, in mm

Modulus of Rupture (MOR) and Modulus of Elasticity (MOE)

The modulus of rupture (MOR) and modulus of elasticity (MOE) experiments of test samples were
performed with a Zwick/Rowell Z010 Universal testing machine in three point bending mode according to TS
EN 310 (1999) standard. The relationships for determining MOR and MOE were (Eg.2):

_ 3 FmaxL [ N
MOR = 2 bt? mmz] MOE = 4bt3 f [mmz] (2)

where: Fpax-the maximum load applied during the test, in N; L-the span length between the supports, in mm;
b-the width of the sample, in mm; t-the thickness of the sample, in mm; F-the load difference in elasticity, in
N; f-the deflection of the sample under the maximum load, in mm

Surface Roughness

Surface roughness parameters of panel samples were determined by using Mitutoya Surftest SJ-210
instrument. The surface roughness parameters (R,, Ry and R,) were measured to evaluate surface
roughness of the samples according to ISO 21920-2 (2021) standard. The explanations of these parameters
are as follows: R, (average surface roughness), Ry (root mean square roughness) and R, (ten-point mean
roughness). Ten measurements were performed on each test sample.

Surface Hardness

Shore Durometer is used to measure surface hardness values of test samples. Shore D hardness test
method according to ASTM D2240 (2021). Ten measurements were made on each test sample, and
average hardness value was calculated using ten measurements.

RESULTS AND DISCUSSION
Water Absorption and Thickness Swelling

The average values of the water absorption and thickness swelling for 2h and 24h of panel groups are
presented in Fig. 2. and Fig. 3. The error bars in the graphs show the standard deviation values. From the
data in Fig. 2, it is apparent that the WA values for 2h and 24h of MDF panel samples depend on panel type
and ratio of sawdust of Diospyros lotus L., Olea europaea L. and Eriobotrya japonica Lindl. fruit woods. As
shown in Fig. 2, WA (2h) values of DP, O and L panel groups ranged between-42.10-60.62%, 59.71-68.22%
and 58.85-62.47%, respectively. The greatest WA (2h) value was found in control samples (72.77%). WA
(24h) values of DP, O and L panel groups ranged between 57.25-74.07%, 72.62-82.78% and 68.71-82.65%,
respectively. The control samples had the greatest value (90.43%). As the proportion of fruit tree sawdust in
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the mixture increased, the water absorption ratios of MDF panels for 2h and 24h decreased proportionally
(Fig. 2).

The WA values of groups DP, O, L were found smaller than the WA value of control panel. In general,
it is possible to say that the water resistance of MDF panels improves as the proportion of fruit wood sawdust
in the mixture increases. Comparing the all groups, the smallest obtained values were 42.10% and 57.25%
in DP-3 panel group for 2h and 24h, respectively. Another finding that stands out from the results is the
group with sawdust of Diospyros lotus L. resulted in the lowest WA values comparing the values of all panel
groups. Among all three fruit panel groups the greatest WA values for 2h and 24h were found in O-1 panel
group. This may be related to fiber characteristics of olive wood. However, in our previous study (Topaloglu
et al. 2019), the wood fiber wall thickness of olive tree was found to be greater than those of date plum and
loguat. Additionally, Harmaen et al. (2012) and Awang et al. (2023) stated that the water absorption of the
boards depends on the structure of the wood cells.
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Fig. 2.
WA values for 2 and 24 hours of MDF samples.

As shown in Fig. 3, TS (2h) values of DP, O and L panel groups ranged between 6.15-8.26%, 7.92-
9.73% and 8.50-9.71%, respectively. The greatest TS (2h) value was found in control samples (13.19%). TS
(24h) values of DP, O and L panel groups ranged between 12.60-12.97%, 12.89-14.65% and 14.09-14.74%,
respectively. The control samples had the greatest value (16.03%). It was observed that the results of TS
values of MDF panels were similar to those of WA values. As the proportion of fruit tree sawdust in the
mixture increased, there was a decrease in TS values of all panel groups, and this decreasing trend was
especially more evident in DP group for 2h. Similar to this result, Ustadbmer et al. (2017) found that the WA
and TS ratios for 2h and 24h of fiberboard produced from ash wood sawdust decreased as the sawdust ratio
increased. On the contrary, Savov et al. (2019) determined that as the sawdust ratio of the wood-based
panels produced using coniferous sawdust increased from 0% to 50%, the WA and TS values of the panels
also increased, and also concluded that the increase in WA could be explained by the decrease in the active
area of contact between fibers.
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TS values for 2 and 24 hours of MDF samples.



Modulus of Rupture (MOR) and Modulus of Elasticity (MOE) of test samples

The average MOR values and standard deviation values with error bars are shown in Fig. 4. MOR
value was found to be between 21.53-22.08 N/mm?, 19.77-21.02 N/mm? and 14.69-18.03 N/mm? for DP, O
and L panel groups, respectively. The greatest value (22.08 N/mm?) belonged to DP-3 panel group, while the
smallest value (14.69 N/mmz) belonged to L-1 panel group. Although the MOR value of the control samples
is greater than those of the L panel groups, it is smaller than those of the DP and O panel groups. As seen in
Fig. 4, as the fruit sawdust ratio in the mixture increased, there was a small increase in the MOR values of
DP and O panel groups, while there was a more significant increase in the L panel group.

The fibers of three fruit tree wood, which are in the hardwood class, are shorter than those of
softwoods. In our previous study (Topaloglu et al. 2019), the fiber lengths for loquat, olive and date plum
were reported as 1.16 mm, 1.11 mm and 0.94 mm, respectively. Therefore, fiber length may have affected
the MOR and MOE values of the produced MDF panels. According to Park et al. (2001), MDF panel

performance is influenced by wood-fiber characteristics such fiber length and distribution.
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Fig. 4.
MOR values of MDF samples.

Fig. 5 present the average MOE values and standard deviation values with error bars. MOE values of
MDF samples showed similar trends to the results of MOR. MOE value was found to be between 2526.58-
2821.17 N/mm?, 2218.26-2889.06 N/mm?® and 1992.31-2325.75 N/mm? for DP, O and L panel groups,
respectively. The greatest value (2889.06 N/mmz) belonged to O-3 panel group, while the smallest value
(1992.31 N/mm?) belonged to L-1 panel group. It was determined that the MOE value of the control samples
was greater than those of the other panel groups, except for the DP-3 and O-3 panel groups. As the fruit

sawdust ratio in the mixture increased, there was a clear increase in the MOE values of all three MDF panel
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Surface Roughness

Average values of surface roughness parameters (R, Rq R,) values of MDF samples are represented
in Fig. 6. According to Fig. 6, the greatest values of R,, Ry and R, were recorded for control samples. Panels
made from loquat sawdust had the roughest surface. Average R, values of 42.97um, 44.04pm and 45.13um
were found for L-1, L-2 and L-3, respectively. When the results were evaluated within each fruit tree groups,
it was determined that surface roughness values of MDF samples increased as the sawdust rate increased.
However, the values of all three tree groups were smaller than those of control group, meaning that the
surface of the control samples was rougher than the other samples. This may be related to the wood-fiber
characteristics of the fruit trees in the mixture. The characteristics of the raw material, such as the fiber size
and geometry, affect the level of surface roughness (Hiziroglu 1996). Akbulut et al. (2000) state that the
anatomical structure of the raw material affect the surface roughness of the produced MDF panels. In this
study, control MDF samples that was produced from 100% beech wood fibers had the roughest surface (Fig.

6).
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Surface Hardness

The surface hardness (Shore D) values of panel groups are presented in Fig. 7. Shore D values was
found to be 65.20-70.50, 69.70-75.70 and 67.50-71.30 for DP, O and L panel groups, respectively. The
greatest value was determined in the O-3 group with a Shore D hardness value of 75.70, and the smallest
value was determined in the control group with a value of 62.20. As a result, it was found that the MDF panel
with the hardest surface belonged to the O-3 group, which was produced from the ratio of 30% olive wood
sawdust. As seen in Fig. 7, the surface hardness of MDF panels increased with the increase in the
proportion of fruit tree sawdust. Control MDF samples produced from 100% beech fibers had the smallest
hardness value. It was observed that MDF panel surface, which consists of a mixture of diffuse porous
beech wood fibers and diffuse porous fruit tree fibers (Topaloglu et al. 2019), had a harder surface compared
to the control sample.
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CONCLUSIONS

This study was designed to determine the effect of wood sawdust from some fruit trees as additional
raw material in fiberboard production. According to the results, all values showed different trend depending
on the type and ratio of fruit wood sawdust. The important finding of this study can be summarized as
follows:

1. It appears that with the addition of fruit sawdust to the fiber, the WA and TS values of the samples
decreased compared to those of the control samples. There was a clear decrease, especially in the
2h WA and TS values of DP and O panel groups.

2. As the sawdust ratio of the fruit trees in the mixture increased, there was a significant increase in the
MOR value of the L panel group and an increase in the MOE values of the DP, O and L groups.

3. The surface roughness and surface hardness of the samples in all three MDF groups increased with
the increase in the fruit wood sawdust ratio. Smoother and harder surfaces were obtained in these
samples compared to the control samples.

4. From the perspective of evaluation of wood wastes, this type of boards can be preferred for general
use and decorative purposes, especially in environments that do not require much mechanical load.

5. Considering the limitations of the research, the authors expect to continue the research, taking into
account other participation percentages of the wood obtained from various fruit trees.
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