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Abstract: Physical, mechanical and some thermal properties of gypsum-wood mixture
particleboards were analyzed for specimens which were prepared in different proportions
previously conditioned at 23 °C and 65% relative humidity. Water absorbtion (WA) and
thickness swelling (TS) properties were measured after being soaked in water for 24 hours.
Furthermore, the increment of wood particle was increased the water absobtion values
around 28.5 % and 2.1% thickness swelling values, respectively. However, the reduction of
gypsum ratio was negatively effected the mechanical resistance of the boards. The highest
MOR, MOE and internal bond (IB) values were observed in the C1 code board with 4.73
MPa, 27.04 MPa and 0.97 N/mm?2 respectively. The thermal conductivity of wood-
gypsum boards were ranged from 0.7404-0.5021 W/mK. The highest density was found in
C1 typeboardas 1.333 kg/m?®and also the highest thermalcoductivity was observed at the
same sample. Besides, the highest surface temprature which was passed to opposite side of
flame source, was found in C5 as 141.7 °C after 300 seconds. However, the lowest value
was observed in C1 typeboardas 93.3 °C after300 seconds.
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1. INTRODUCTION

Gypsum is known to be one of the oldest building material
that uses from ancient times. It is an environmentally
friendly  building  material, with  energy-saving,
constructability, sound insulation, thermal insulation,
decoration materials, availability, low price, ease of
production and otheradvantages. (Martiaset al. 2014; Han
et al. 2017). Gypsum has been used as an insulation
material in buildings since the 1900s. The new insulation
materials and systems provide many advantages in the
structures (Binici et al. 2016).

It was indicated that worldwide energy consumption has
been increasing in the buildings more than 30%. But this
rate is up to 40% in some countries such as in Turkey on
the buildings in recent years. Therefore, reducing the
energy consumption in structures by improving their
thermal performance can dicrease mentioned rate above
(Sharifi et al. 2017).
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However, the insulation properties of gypsum boards are
improved by increasing the porosity. In order to improve
physical properties of gypsum board such as high
permeable to water, porous nature, low compressive
strength, low flexural and tensile strength can be added
different  fillers that reinforcing materials that
polypropylene fibres, jute fibres, coconut fibres, hemp
fibres and wood fibre to gypsum boards. So, physical and
thermal conductivity can be improved by some additives
(Regulska and Repelewicz, 2019; Beram and Yasar, 2020;
Herrera, and Cloutier, 2010; Sophia and Sakthieswaran,
2016; Amiandamhen et al. 2016). The presence of wood
materials in these boards improves the mechanical
properties while retaining the great fire resistance on boards
(El-lJuhany, et al. 2003; Icel and Beram,2017).

Therefore, Gypsum board asinsulation materialcan be used
to reduce building energy consumption (Kang et al. 2018).
Otherwise, Gypsum boards and wood-based panels are the
most common materials used as fire barriers in the
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residental and building construction (Kolaitis et al., 2014;
Crameretal., 2003).

Most of the wood species and agricultural residues that are
available forwood reinforced panels manufacturing (Nasser
et al, 2016). Lignocellulosic materials are used in
cementitious panels due to their low densities, low cost,
nonabrasive natures, high specific  properties,
biodegradability, and the abundant availability in the world
(Ashori etal., 2011).

There is limited researches on the properties of boards
which made with lignocelliilosic material under the gypsum
existence as binder. The aim of this study was to determine
the physical, mechanical and thermal properties of red pine
wood and gypsum mixture board.

2. MATERIAL AND METHODS

Red pine wood samples were obtained from a chipboard
production facility in Isparta. Wood chips were cut into
pieces using a 5-8 mm sieve with the help of a hammer
mill. Wood chips were dried in natural atmospheric
conditions until they had a humidity of 10-12%. The plaster
used in the study was obtained from a company in
Isparta.The method followed for the preparation of the
samplesis given in Figure 1.
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Figure 1. Sample preparation flow chart

The preparation of the samples for production was carried
out at room temperature. Gypsum and red pine wood chips
were mixed homogeneously with lab type mixer. Metal
mold platesof 40 x 40 cm2 and 10 mm in size were used to
prepare the sheet paste. It was pre-pressed under 80 kg/cm2
for 5 minutes then pressed under 1.5 N/ mmz2 at 20-24 °C
with laboratory type press 24 hours. The plates were
acclimatized for 3 weeks after the pressing process was
completed and kept between the metalplates. The image of
the samples produced is shown in Figure 2.
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Figure 2. Image of the samples produced

The experimental panels were conditioned at 23 °C and
65% relative humidity and samples were sawn into
determine the IB (Internal Bond), MOE and MOR
(Modulus of Elasticity and Rupture), TS (Thickness
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Swelling after 2 and 24 hours immersion in water) and The
Water Absorption (WA, %), in accordance with TS EN 310
(1999), TS EN 319 (1999) and TS EN 317 (1999)
standards, respectively.

The thermal conductivity of the test samples were
examined in pursuance of the ASTM C 1113-90 standard
and the Hot Wire Method by with the QTM 500 device.
Flame combustion tests of the samples were made
according to TS EN-ISO 11925-2 and DIN 4102-1.
Thermogravimetric analysis (TGA), Perkin Elmer SllI
instrument was utilized in order to determine the thermal
degradation changings. The experimental boards prepared
with given codes in this study was summarized in Table 1.

Table 1. Code numbersand mixture proportions (%)

Board Code Red pine wood (%) Gypsum (%)
C1 10 90
Cc2 20 80
C3 30 70
C4 40 60
C5 50 50

Measurements were conducted in Isparta University of
Applied Sciences, Forest Product Engineering Research and
Application Laboratory. An ANOVA general linear model
procedure was employed for data to interpret interaction of
the panels manufactured. Duncan test was used to make
comparison among board types for each property tested if
the ANOVA found significant.

3. RESULTS AND DISCUSSION

Results of the water absorption and thickness swelling
properties of boards in water (2.0 and 24 hours) are
presented in Table 2. C1 type board gave the lowest water
absorption values of 21%. The highest water absorption
value was found in C5 type board as 45.5 % after 24h
soaking in water.

It was seen that the best thickness swelling was observed
from C1 with the thickness swelling 0.2%, while the worst
thickness swelling given by board C5 with 2.2%. Therefore,
all the boards were resulted in satisfactory thickness
swelling level when compared to the standard value of
12.5%. It seems that water absorption (WA) and thickness
swelling properties were improved depending on the
increasing gypsum ratio by contrast with the decreasing
woody contentin the mixture (Yel etal., 2020).

It was seen from statistical data that F values of C type
boards were found 13.703 (P=0.000) on water absorption
properties. Likewise F values of boards was observed as
0.512 (P=0.729) on thickness swelling (TS) properties.
According to these results, significant difference was found
on C type boards on water intake properties. According to
the ANOVA analysis results for TS values , IB bond
properties and modulus of elasticity (MOE) values of
boards were observed statistically insignificant. However,
modulus of rupture (MOR) values of boards were found
with 99% confidence level.
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Table 2. The water absorption (%), thickness swelling (%) and mechanicalstrength properties of boards

Board WA WA TS TS IB MOR MOE
Code  (2h) (4 h) @h) (4 h) (MPa) (MPa) (MPa)
Cc1 151 17P 0.1 0.12 0.97° 473 27.042
Cc2 18.9 212 0.2 0.22 0.732 4.35b 18.242
c3 21.6 23.8 03 0.42 0.672 4.16b 17.062
c4 22.3 25,69 15 1.92 0.182 3.482 8.342
Cc5 412 455¢ 2.1 2.22 0.072 3.372 8.06°
F value 13.703%** 0512(ns)  1986(ns)  7.221%*  1.724(ns)

Note: (***) means 99.9% confidence level, (**) means 99% confidence level, (*) means 95% confidence level (ns) is statistically insignificantand (a, b, c, d,

e) means homogeneous groups

The internal bond (IB), modulus of rupture
(MOR) and modulus of elasticity (MOE)
properties of the experimental panels are shown
in Table 2. It was found that the highest internal
bond (IB) value was observed in the C1 code
board as 0.97 N/mm?2 and the lowest IB in C5 as
0.07 N/mm?2. It appearsthat internalbond strength
(IB) values were indicated higher than the
standard value of 0.28 N/mm?2 in approximately
all type boards without C4 and C5 type boards.
So these panels could be used for heavy load-
bearing requirements in terms of internal bond
properties.

However, the highest MOR and MOE values of
boards were observed in C1 type samples with
4.73 MPa and 27.04 MPa, respectively. These
results were shown that all board samples could
not met the standart values of particleboard on
bending strength (12.5 N/mm?2) and modulus of
elasticity (1600 N/mm2) unless the internal bond
strength.

The results suggest that MOE and MOR values

mixture was caused to density increment from C5
(50% gypsum) to C1 (10% gypsum) type
samples.

The thermal conductivity and the density values
obtained from the various types of boards that
prepared in the presence of gypsum as a binder
are given in Figure 3. The thermal conductivity of
wood-gypsum boards were ranged from 0.7404-
0.5021 W/mK. It was resulted that thermal
conductivity of C5 type board is lower than the
C4 and C1 type board about 9% and 47%,
respectively.

Furthermore, the highest thermal conductivity
value (0.7404 w/mK) was found for C1 type
board. The lowest thermal conductivity value
(0.5021 w/mK) was obtained C5 type board
(Figure 3). This thermal conductivity results show
thatall board sampleshad lower value than 0.065
w/mK value which was determined for building
material and thermal insulation material (Yalcin,
2018). It seems that the amount of gypsum is
increased in the mixture the thermal insulation

increased  with increasing board density. propery of the material decreases.
Therefore the increasing amount of gypsum in the
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Figure 3. The thermalconductivity and the density properties of boards
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Itwas understood that the density was increased depending
on gypsum increment and density differences of samples
were effected to thermalperformance of board. The highest
density was found in C1 typeboardas1.333 kg/m* and also
the highest thermal coductivity was observed at the same
sample. However, the lowest density was examined in the
C5 type board which was 0% red pine wood/50% gypsum
mixture board, as 0.845 kg/m>.

It was due to fact that the presence of the gypsum can
caused the decrease on the thermal conductivity in wood -
gypsum boards. So the increment of particle content and
amount of space between particles can lead to lower
thermalconductivity (Bekhta and Dobrowolska, 2006).

Figure 4 shows that the results of combustion experiments
which was carried out with a single flame source. The
temperature values were measured every 30 seconds with
heat measuring device from the back side of the board
surface till 300 seconds according to the DIN 4102-1
standard. As seen in Figure 3, the highest surface
temprature which was passed to opposite side of flame
source, was found in C5 as 141.7 °C after 300 seconds.
However, the lowest value was observed in C1 type board
as93.3 °C after300 seconds.
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Figure 4. Surface temprature propertiesrelated to time with a single flame source

In Figure 5, the shape (flame spread property)
formed on the surfaces of the boardsas a result of
the combustion tests performed with a single
flame source is shown comparatively (Beram et

C1

C3

al, 2020). When Figure 6 was examined
carefully, it was observed that the burning shape
on the surface of the gypsum added boards trial
samplesdid notreach the 150 mm threshold limit.

W )5 |

c4

Figure 5. The behaviorof gypsum boards exposed to single flame source

Detailed results of TGA — DTG curves analysis
(N2 environment) are given in Figure 6 and Table
3 respectively. Degradation took place in four
phases in the samples consisting of a mixture of
gypsum and wood in different proportions by
weight. In the first phase, dehydration caused by
the removal of water in 108 °C (C1), 110 °C (C2-
C5), 111 °C (C3), 112 °C (C4) structure causes. In
the second phase, 351 °C (C1), 359 °C (C2),370
°C (C3), 358 °C (C4), 350 °C (C5) are formed as
a result of the decomposition of the composition
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of wood. Kim et al. (2006) stated that
hemicellulose, cellulose decomposed at 275°C -
350°C and lignin at 250 "C-500 °C at 180 "C -350
°C. Gao et al. reached similar results in their 2006
study.

Ca (OH) 2 dehydration (1) occurred in the
samples of the third phase 740 °C (Cl1), 735 °C
(C2), 701 °C (C3), 748 C (C4), 751 °C (C5)
(Shafig and Nuruddin, 2010).
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Ca(OH)2 +CO2 —CaCO3 + H20 1)

CaCOz3 decarbonation in samples of the fourth
phase 748 °C (C4), 751 °C (C5) (2). A similar

CaCO3 —-Ca0O+CO2 2
100 4
80 -
£ w0
E
=
= 40
—c1
—C3
20 4 —cC5
0 T T T T T
0 200 400 600 800
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reaction occurred in the studies in Cabrera and
Lynsdale, 1996.
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Figure 6. The results of TGA — DTG curves analysis

According to Table 3, as the percentage of wood increases
in the composite structure, which consists of a mixture of
gypsum and wood in different proportions by weight, the
thermal stability is adversely affected. The highest mass

loss was 86.13 (wt.%) in the C5 sample, while 26.17 (wt.%)
in the lowest sample C1.

Table 3. The different thermaldecomposition temperaturesand final residue percentage

T5 T10 T50 Timax Tomax Tamax Tasmax 900 °C Residue
wt%o wt%o wt% (o) (°C) (o) (°C) (Wt.%)
(WY (WY O

C1 120 131 - 108 351 740 - 73.83

Cc2 1185 132 - 110 359 735 65.84

C3 118 134 - 112 370 701 - 60.22

C4 91 125 360 111 358 748 841 15.68

C5 86.25 119 377 110 350 751 850 13.87

Note: T5 wt%: thermal decomposition temperature at 5% weight loss; T10 wt%: thermal decomposition
temperature at 10% weight loss; T50 wt%: thermal decomposition temperature at 50% weight loss;
Tlmax: the temperature of the peak maximum at the first step of degradation (°C); T2max: the
temperature of the peak maximum at the second step of degradation (°C); T3max: the temperature of the
peak maximum at the third step of degradation (°C). T4max: the temperature of the peak maximum atthe

four step of degradation (°C).

After single and dual component varnish applications of
chestnut wood; lowest adhesive resistance was seen in
specimens performed single component varnish application
and waited for 6 hours in 150 °C, while highest adhesive
resistance was seen in specimens performed dual
component varnish application and waited for 2 hours in
100 °C according to heat treatment temperature and time
conditions. As a result of comparing adhesive resistance
values of non-heat-treated specimens subjected to single
componentvarnish application and heat-treated specimens,
specimens waited for 2, 4, 6 hours in 100 °C have higher
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adhesive resistance than specimens varnished as without
heat treatment, and it was seen that adhesive resistance
values decreased in other heat treatment temperatures and
times. As a result of comparing dual component varnished
non-heat-treated specimens and heat-treated specimens,
specimens waited for 2,4, 6 hours in 100 °C and waited for
2 hours in 125 °C have higher adhesive resistance, and it
was observed that adhesive resistance values decreased in
other heat treatment temperatures and times.
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4. CONLUSION

In this study, the gypsum and wood incorporation in the
different proportions were investigated. For this purpose,
water absorption (WA), thickness swelling (TS), modulus
of rupture (MOR), modulus of elasticity (MOE), internal
bond (IB) and thermal conductivity properties were
conducted. AIll boards were resulted in satisfactory
thickness swelling level when compared to the standard
value of 12.5 %. Meanwhile, the reduction of gypsum was
decreased the water absobtion values around 28.5 % and
2.1% thickness swelling values, respectively. The water
absorption and thickness swelling properties were improved
depending on the increasing gypsum ratio by contrast with
the decreasing woody content in the mixture.

Although, the increment of gypsum ratio was positively
effected the mechanical resistance of the boards. The
internal bond strength (IB) values were indicated higher
than the standard value of 0.28 N/mm?Zin approximately all
type boards. So these panels could be used for heavy load-
bearing equirements in terms of internal bond properties.
However, board samples could not met the standart values
of particleboard on bending strength (12.5 N/mm?2) and
modulus of elasticity (1600 N/mm?2) unless the internal
bond strength.

It is understood that the amount of gypsum is increased in
the mixture the thermalinsulation properties of the material
decreased. So the incrementof particle contentand amount
of space between particles can lead to lower thermal
conductivity.
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