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Abstract: In this study, the effects of epoxy and polyester resin applications on some mechanical strength properties of scots pine
(Pinus sylvestris L.) and chestnut (Castanea sativa) wood samples were investigated. Firstly, in the circular sawing machine, a different numbers
of channels (2+1 and 3+2) were opened on the surfaces of wood samples. Then, these channels were filled with casting type epoxy and polyester
resins. The density, modulus of rupture (MOR), modulus of elasticity (MOE), and compression strength parallel to the grain (CS) tests were
performed on the samples. According to the results of the study, the density values of pine and chestnut samples increased by 25% and 42%,
respectively, depending on the number of channels after resin application. In addition, compared with epoxy resin applied samples, the density
increase was higher in the polyester resin applied samples. After application of resins, a slight increase was observed in the MOR and MOE
values of chestnut samples. However, CS values tend to decrease in these samples. In pine samples with resin applied, the strength properties
(MOR, MOE and CS) decreased depending on the increase in the number of channels. Furthermore, the effect of the resin type on all strength
properties of the samples was statistically insignificant.

Keywords: Epoxy resin, mechanical properties, polyester resin, wood material.

Cam ve Kestane Odunlarinin Baz1 Mekanik Ozellikleri Uzerine Epoksi ve
Polyester Recineler Ile Modifikasyonun Etkisi

Oz: Bu galismada, sarigam (Pinus sylvestris L.) ve kestane (Castanea sativa) odunu érneklerinin bazi mekanik direng 6zellikleri
lizerine epoksi ve polyester recine uygulamalarinin etkisi incelenmistir. Oncelikle daire testere makinesinde drneklere farkli sayilarda (2+1 ve
3+2) kanallar agilmistir. Daha sonra bu kanallar dokiim tipi epoksi ve polyester recineler ile doldurulmustur. Orneklerde meydana gelen
degisiklikleri belirlemek i¢in hava kurusu yogunluk, egilme direnci (ED), elastikiyet modiilii (EM) ve liflere paralel basing direnci (BD) testleri
gergeklestirilmistir. Caligmanin sonuglarma gore, kanal sayisi artisina bagli olarak recine uygulamalarindan sonra cam ve kestane drneklerin
yogunluk degerleri sirast ile %25 ve %42’ye kadar artmistir. Ayrica, epoksi regineye gore polyester regine uygulanmis 6rneklerde yogunluk
artis1 daha yiiksektir. Kestane orneklerin ED ve EM direncinde regine uygulama islemlerinden sonra biraz artis gézlenmistir. Ancak bu
orneklerde BD direnci azalmistir. Recine uygulanmis olan ¢am 6rneklerde ise tiim mekanik direng 6zellikleri (ED, EM ve BD) kanal sayisindaki
artisa bagli olarak azalmistir. Ayrica, mekanik direng 6zellikler iizerinde regine tipinin etkisi genel olarak énemsizdir.

Anahtar sozciikler: Aga¢ malzeme, Epoksi recine, Mekanik 6zellikler, Polyester regine.

FThis study was presented as an oral presentation at the International Forest Products Congress (ORENKO 2018), 26-29 September 2018, Trabzon, Turkey.
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INTRODUCTION

Wood is a material used by mankind since the dawn
of time due to its high-quality properties. Wood which used
to be used as a basic material in the construction of houses is
now being used in designing the living spaces. Wood is
indispensable both for living spaces and for its healthy and
durable structure.

The warm image of natural wood let it be widely
used in interior spaces, which led to new ideas. Since the
beginning of the 21st century, interest in products such as
wooden desks and tables has increased. When the products
produced by natural wood are touched, they give the feeling
of being just inside nature where the wood has been taken
from. With concrete becoming more and more widespread,
people's desire to get back to nature has motivated these
designs to be even more involved in our life (Web-1). In
recent years, products made from natural wood materials are
very popular. Wood materials and various resins are
generally used in combination in the manufacture of these
products. Thus, very different types of designs are emerging
and especially the aesthetic look is emphasized. In addition,
with the use of resins, different wood defects can be
removed. Many types of furniture and decoration elements
are produced using natural wood. Some of these products are;
table, coffee table, TV units, consoles, bookshelves, pendant
lamps and wooden wall designs. In the production of these
products, the most commonly used wood species are pine,
maple, juniper, plane, walnut, oak, chestnut, mulberry, and
ash. Epoxy and polyester resins are generally used to remove
various wood defects (cracks, slits, knot fall, etc.) in furniture
and decoration elements produced from natural wood. In
addition, these resins are now often preferred for their
aesthetic and decorative reasons, together with wood.

Epoxy resins can strongly adhere to many materials
such as metal, plastic, glass, and wood (Bulmus & Piskin,
2000; Sahmetlioglu, 2000). In addition, it has many
important properties such as high mechanical strength,
chemical resistance, corrosion resistance, dimensional
stability, wetting and filling ability of fiber reinforcements
(Kaw, 2005; Chung, 2010). Epoxy resins are used in marine,
automotive, aerospace and construction industries due to
their superior properties. It is also widely used in many
applications such as coatings, adhesives, insulation materials
and composite materials (Giizel, 2016). Polyester resins have
high resistance to chemical and environmental influences.
They also have high dimensional stability and low viscosity.
They are less costly and harden faster than epoxy resins
(Sezgin, 2018) but have higher shrinkage ratios after curing
(Seyhan et al., 2007). Polyester resins are used in automotive
industry, building constructions, marine applications and
composite materials as a matrix. When compared to epoxy
resin, their thermal, air and mechanical strength properties
are low, so their use in high-performance composites is
limited (Campbell, 2010; Sezgin, 2018).
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The aim of this study is to determine the density and
the mechanical strength properties of scots pine (Pinus
sylvestris L.) and chestnut (Castanea sativa) woods modified
with epoxy and polyester resins.

MATERIAL and METHODS

Wood material: In this study, scotch pine (Pinus
sylvestris L.) and chestnut (Castanea sativa) woods were
used. Wood materials were supplied by random selection
method from a timber company in the Diizce city in Turkey.
Attention was paid to ensure that no rot, knot, crack, color, or
density differences were present in the samples (TS 2470,
1976). A sufficient number of experimental samples were
prepared with 20 x 20 x 340 mm (tangential direction x
radial direction x longitudinal direction) dimensions from the
sapwood parts of the wood materials which have air-dry
moisture. Thereafter, a different number of channels (2+1
and 3+2) were opened with 2.4 mm wide and 7 mm depth to
the samples subjected to be treated by resin, at corresponding
pairs of surfaces (tangential section) using a circular saw
machine (Figure 1).

3+2 canal
Figure 1. Appearance of cross sections of the samples.

Control 2+1 canal

After opening channels, samples remained at a
temperature of 20+2 °C and relative humidity of 65 + 3%
until they reached a stable weight (TS 2471, 1976).

Resin Application: In the treatment of samples
casting type epoxy and polyester resins were used. Some

properties of these resins are given in Table 1.

Table 1. Properties of resins

Resin Viscosity Density Gelling time Elongation at Hardness
type (cpl) (g/cm3) (20 °C) (min.) break (%) (Barkol)
Epoxy 156 12 110-130 1.0 66
Polyester 450 16 8 23 45

Before the resin processing, cross sections of the
experimental samples were closed using paper tape to
prevent resin leakage. When the resins were prepared, the
hardener and/or accelerator mixture ratios were carried out in
accordance with the manufacturers' recommendations. The
channels opening into the samples were filled with the resin
using an injector with the appropriate tip clearance under
room conditions (20 + 2 °C) (Figure 2).
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Figure 2. Application of resins to wood samples.

After filling the channels on the first surface with
resin, the samples were left on the counter with a balanced
scale for 48 hours. Then resin filling was performed on the
channels on the second surface. The samples, in this case,
were kept for about three weeks. After the resins had been
thoroughly dried, the samples were passed through
a calibrating sanding machine to remove excess resin on the
surfaces. After, samples remained in a conditioning cabin
(RH 65+3% and 20+2°C) until they reached a stable weight
(TS 2471, 1976). Then, samples were cut into smaller
samples according to the specified test standard. The test
samples were prepared in the number as to eight repetitions
(n = 8) for each variable.

Determination of Density: Air-dry density of the
samples were determined according to TS 2472, (1976). The
mass of each sample (M12) was measured on an analytical
balance, with a sensitivity of £0.01 g. Dimensions (length,
width, thickness) were measured with a vernier caliper
having +£0.01 mm sensitivity, and volumes (Vi) were
determined. The air-dry density (d12) was calculated using
Eqgs. 1.

612 =Mi2/ V12 (glcmd) Q)

Determination of MOR, MOE and CS Strength:
Modulus of rupture (MOR) (or bending strength) and
modulus of elasticity (MOE) of the samples were determined
according to TS 2474, (1976). The MOR and MOE values
were calculated by using following Egs. 2 and 3.

MOR = 3PpaL / 2bd?

(N/mm?) 2

MOE =PL3/4bd34  (N/mm?) (3)

Where Pmax is the maximum load when the sample is
broken (N), L is the supporting span (mm), b is the width of
the samples (mm), d is the thickness (depth) of the samples
(mm), 4 deflection at mid-length below the proportion
deflection limit (mm), and P is the load in N within the
proportional deflection (N).

Compression strength parallel to the grain (CS) of

the samples were determined according to ISO/DIS 13061-
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17, (2015). The CS wvalues were calculated by using
following Eqgs. 4.
CS = Pmax/ bd (N/mm?) 4)

where Pmax is the maximum load applied to the
samples (N), b is the width of the samples (mm), d is the
thickness of the samples (mm).

Statistical Analysis: The MSTAT-C software
program was used for the evaluation of data. ANOVA
(analysis of variance) tests were performed to determine the
effect of resin type and number of channel on the density and
mechanical properties (MOR, MOE and CS) of scotch pine
and chestnut woods at the 0.05 significance level. Duncan’s
tests were conducted for comparisons of the means of the
density and mechanical strength values of the wood samples.

RESULTS and DISCUSSION

Arithmetic means of density, modulus of rupture
(MOR), modulus of elasticity (MOE), and compression
strength parallel to the grain (CS) values of the wood samples
are given in Table 2. Additionally, analysis of variance
results of density, MOR, MOE, and CS measurements from
wood samples resin applied are shown in Table 3.

According to Table 3, the effects of resin type and
number of channel factors on density in both wood species
were found to be statistically significant. In addition, the
effect of number of channel on MOR, MOE, and CS of the
pine wood samples was significant, while the effect of the
resin type was insignificant. On the other hand, both resin
type and effect of number of channel on MOR, MOE, and CS
of the chestnut wood samples were found to be insignificant
(P < 0.05). In the pine and chestnut woods, comparison
results of the Duncan’s tests conducted for the factors of
resin type and number of channel are given in Table 4.

Regarding resin type, the highest density for both
wood species was found to be in the samples applied
polyester resin and the lowest was found in the samples
applied epoxy resin (Table 4). It is shown in Table 1 that the
polyester resin used in the work has a higher density than the
epoxy resin. With respect to number of channel, the highest
density was found to be in the 3+2 channels opened samples,
while the lowest was obtained in the control samples (Table
4). Depending on the increase in the number of channels, the
density value of the samples also increased. In other words,
the increase in the amount of resin applied to wood materials
caused an increase in density. This can be explained by the
fact that the densities of the resin filled in the opened
channels are higher than the density of the wood materials.
After resin application, density value of pine and chestnut
samples increased up to 25% and 42% compared to control
samples (Table 2).
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Table 2. Arithmetic means of the density, MOR, MOE and CS values.
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Wood species Resin type Number of - Tests
channel Density (g/cm®) MOR (N/mm?) MOE (N/mm?) CS (N/mm?)
Control 0.545 (0.022) 95.69 (7.34) 10537 (758) 46.59 (3.57)
Epoxy 2+1 0.611 (0.024) 87.73 (8.46) 10019 (684) 40.29 (3.72)
Scotch pine 3+2 0.660 (0.025) 89.51 (8.51) 9598 (724) 38.25 (3.16)
Control 0.545 (0.022) 95.69 (7.34) 10537 (758) 46.59 (3.57)
Polyester 2+1 0.636 (0.022) 94.75 (7.31) 9827 (636) 40.57 (3.29)
3+2 0.682 (0.031) 86.47 (6.98) 8709 (631) 37.10 (2.51)
Control 0.438 (0.017) 55.61 (6.14) 4630 (354) 32.24 (2.13)
Epoxy 2+1 0.537 (0.010) 59.35 (5.71) 4659 (265) 31.34 (1.57)
Chestnut 3+2 0.614 (0.007) 61.34 (3.59) 4760 (169) 31.09 (1.22)
Control 0.438 (0.017) 55.61 (6.14) 4630 (354) 32.24 (2.13)
Polyester 2+1 0.556 (0.023) 60.35 (7.10) 4887 (439) 31.25 (1.70)
3+2 0.622 (0.018) 55.22 (7.31) 4541 (447) 30.50 (1.58)
Values in parenthesis are standard deviations.
Table 3. Analysis of variance results for density, MOE, MOR, and CS of resin applied wood samples
Wood species  Source Dens_ity MOR. MOE. Cs -
F-ratio p-value F-ratio p-value F-ratio p-value F-ratio p-value
Factor A 4871 0.032* 0.372 - 3.365 0.073 0.091 -
Scotch pine Factor B 106.472 0.000* 4.239 0.021* 16.593 0.000* 30.541 0.000*
A*B 1.241 0.299 1.884 0.164 1.889 0.163 0.207 -
Factor A 4.018 0.050* 0.933 - 0.001 - 0.200 -
Chestnut Factor B 496.561 0.000* 1.967 0.152 0.773 - 2.819 0.071
A*B 1.482 0.238 1.587 0.216 1.616 0.210 0.132 -
A: Resin type, B: Number of channel, *:Significant at 95% confidence level.
Table 4. Duncan’s test results for mean values
Wood species Factor Density (g/cm?®) MOR (N/mm?) MOE (N/mm?) CS (N/mm?)
Mean HG Mean HG Mean HG Mean HG
Resin type
Epoxy 0.606 b 90.98 a 10051 a 41.71 a
Polyester 0.621 a 92.30 a 9691 a 41.42 a
Scotch pine Number of channel
Control 0.545 c 95.69 a 10537 a 46.59 a
2+1 0.623 b 91.24 ab 9923 b 40.43 b
3+2 0.671 a 87.99 b 9154 o 37.67
Resin type
Epoxy 0.529 b 58.77 a 4683 a 31.56 a
Polyester 0.539 a 57.06 a 4686 a 31.33 a
Chestnut Number of channel
Control 0.438 c 55.61 a 4630 a 32.24 a
2+1 0.547 b 59.85 a 4773 a 31.29 ab
3+2 0.618 a 58.28 a 4650 a 30.80 b

HG: Homogeneous group (different letters denote a significant difference).

According to Table 4, the difference between the
MOR values of pine and chestnut wood samples at the resin
type level was found to be statistically insignificant. The
same applies to MOE and CS values. For pine wood samples,
the highest MOR, MOE, and CS values at the number of
channel level were found to be in the control samples, while
the lowest values were obtained in the 3+2 channels opened
samples. The increase in the number of channels caused a
decrease in the mechanical strength properties (MOR, MOE,
and CS) of the pine wood samples. MOR, MOE, and CS
values decreased by 8%, 13%, and 19%, respectively, in the
3+2 channels opened samples compared to control pine wood
samples. The increase in the number of channels in the
sample is proportional to the amount of resin applied.
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Because of this, it may be effective in decreasing the strength
values of pine samples in resins which are harder and brittle
than wood materials. In the literature, it is reported that the
resulting epoxy or polyester resins in liquid form transform
into solid with a layer that is a hard, brittle and thermosetting
cross-linked structure (Velde, 1992; Miyoshi, 2001; S6nmez
& Budakgei, 2004; Campbell, 2010; Ting et al., 2011). Also,
their structures which are prone to brittle (Ersoy, 2001),
combustible and fragile, restrict the use of such resins (Giizel,
2016). Hardened resin layer's physical and mechanical
properties depend on the functional group types of hardener,
cross-link density between resin and hardener, molecular
structure and hardening conditions of functional group bonds
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between resin and hardener (Sahmetlioglu, 2000; Nohales et
al., 2006; Montero et al., 2013; Giizel, 2016).

For the chestnut wood samples, no statistically
significant difference was observed in terms of both MOR
and MOE values between resin applied (channel opened)
samples and control (no channel opened) samples (Table 4).
It can be said that the chestnut wood samples and the resins
exhibited similar behavior in terms of strength properties. In
addition, with respect to number of channel, the highest CS
value was obtained in the control samples, while the lowest
value was found to be in the 3+2 channels opened samples.
The CS value of chestnut wood samples tends to decrease
due to the increase in the number of channel. CS value
decreased by 4.5% in the 3+2 channels opened samples
compared to control chestnut wood samples (Table 4).

CONCLUSION

In this study, the density and the some mechanical
strength properties of pine and chestnut wood samples
modified with epoxy and polyester resins were investigated.
After resin applications, the density values of pine and
chestnut samples increased up to 25% and 42%, respectively,
depending on the number of channels. Compared to epoxy
resin applied samples, the density increase was higher in
polyester resin applied samples.

The effect of the type of resin on all selected
mechanical properties (MOR, MOE, and CS) of pine and
chestnut wood samples was found to be statistically
insignificant. In other words, similar strength values were
obtained in both epoxy and polyester resin applied samples.

In pine wood samples with resin applied, the
strength values decrease depending on the increase in the
number of channels. The MOR, MOE and CS values of these
samples decrease by 8%, 13%, 19% respectively when
compared to the control (untreated) pine samples. In chestnut
samples, the effect of the number of channels on the

mechanical strength was found to be statistically
insignificant.
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