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ABSTRACT

Red pine (Pinus brutia) wood particles and dolomite mineral were used in varying proportions to form
mineral-added gypsum particleboards. Mechanical, physical, and chemical properties of the boards were
tested. The increasing mineral content was found to improve the water absorption properties but the increased
amount of gypsum in the mixture negatively affected the thickness swelling and water absorption properties.
The usage of dolomite mineral in the board composition increased the internal bond properties and higher than
the standard of 0,28 MPa. However, all types of boards had modulus of elastic, modulus of rupture and thermal
conductivity results values below the standards. Moreover, the thermal conductivity values decreased in all
board types because of the reduction of the mineral dolomite. Thermal gravimetric analysis, Fourier transform
infrared spectrometry tests were applied to examine the thermal and flame retardancy properties of inorganic
materials, wood-gypsum composites, which are used at different rates for synergistic effect. The gypsum and
dolomite amount affected the thermal variation, whereas the increment in the weight of the wood particles also
increased the thermal degradation. It was determined that stresses at 850-980 cm™ reveal Ca-O and Mg-O,
reveal at 881cm™ C-OH, weak vibration at 1619 cm™ and a strong bond structure in the 1445-950-882 cm!
bands. These bands express the characteristic presence of the CaO and MgO belonging to dolomite. The study
demonstrated the feasibility of producing mineral-based gypsum board products using wood chips.
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INTRODUCTION

Gypsum is one of the oldest construction materials and its usage dates back several thousand years.
Gypsum boards are extensively used worldwide in the building industry as an interior finishing material on
walls and ceilings (Kang et al. 2018). Gypsum is an environmentally friendly and energy-saving building
material with many advantages including constructability, sound and thermal insulation properties in addition
to its decorative features, availability, low price, and ease of production (Martias ef al. 2014, Han et al. 2017).
Moreover, there is great interest in its fire safety properties. Therefore, gypsum boards are the most popular
lightweight materials used in building construction (Wakili et al. 2007).

A number of studies have indicated that worldwide energy consumption has risen by more than 30 % in
residential and commercial buildings. This rate is up to 40 % in the European Union and the United States.
Therefore, reducing the energy consumption in structures by improving their thermal performance can de-
crease the above-mentioned rate (Sharifi et al. 2017).
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Lignocellulosic materials are used in composite manufacturing due to their low cost, nonabrasive and high
natural properties, biodegradability, and abundance throughout the world (Ashori ef al. 2011). Meanwhile,
wood has long been used as a construction material for its strength and natural aesthetics. However, forests
are being cut down to meet human demands, making wood composites a possible answer as an alternative
solution. Wood composites include a range of different derivative wood products which involve binding wood
fibers or chips together with plastics or minerals (Papadopoulos 2019).

Minerals can be combined with natural fibers for a natural, healthy, low-density, low-cost product with low
thermal conductivity. Despite these advantages, studies carried out on the use of natural fibers with gypsum
plaster as reinforcement are limited. Some studies have shown that the production of panels is possible using
bamboo, wood fiber, bagasse, hemp hurds, pine sawdust, paper mill sludge, and wastepaper as raw materials
(Amiandamhen et. a/ 2016, Sudin and Swamy 2006). In addition, coconut coir fiber, along with waste rice husk
ash and slag have also been incorporated in gypsum (Sophia et al. 2016).

Since wood fibers are very sensitive to flame, it has become more and more important to improve the flame
retardancy of composite board materials so that wood board products can become safer. Flame retardant can
be obtained by interrupting the combustion process, which can cause the process to terminate before actual
ignition can occur (Sain ef al. 2004).

Dolomite mineral is abundant in nature and contains a sufficient amount of magnesium. This mineral is
found in large proportions in dolomite rock. Ideal dolomite has a crystal lattice consisting of alternating layers
of Ca and Mg, separated by layers of CO and is typically represented by the stoichiometric chemical composi-
tion CaMg(CO,),, with calcium and magnesium present in equal proportions (Warren 2000). Large quantities
of dolomite are used for various purposes worldwide; however, in Turkey, dolomite is mostly used for orna-
mental stonework, in concrete aggregate, for magnesium oxide in magnesium production, as a fire retardant,
and as a component in iron and steel, ceramics, paints, fertilizer, glass, and cement (Ozdemir ef al. 2017).

However, limited research has been conducted on the effects of mineral dolomite mixed with lignocellu-
losic material using gypsum as a binder. This study examined the production of composite boards using red
pine wood and mineral dolomite with gypsum as the adhesive. Accordingly, tests were carried out for water
absorption, thickness swelling, internal bond, bending strength, modulus of elasticity, thermal conductivity and
flame combustion performance. The Fourier-transform infrared spectroscopy and thermogravimetric analysis
properties of the boards were examined.

Some reseaches indicated that the addition of dolomite as filler to the structure of high-density fiber boards
effects some physical and mechanical properties that water absorption (WA), thickness swelling (TS), modulus
of elasticity (MOE) and modulus of rupture (MOE) lowered in some level while the fire resistance proper-
ties increased (Ozdemir 2016). Therefore, the addition of mineral fillers to the board gives the board its fire
resistance properties by causing the combustible material (lignocellulosic particles in the board) to separate
and reduce the thermal conductivity. Mineral binders cause fire retardation by coating and penetrating the
lignocellulosic particles (Kozlowski ef al. 1999).

The aim of this study to investigate the mechanical, physical, and chemical properties of composite boards
and feasibility of producing mineral-based gypsum board products using wood chips.

MATERIALS AND METHODS

The red pine (Pinus brutia Ten.) wood samples were provided by a particleboard company in Isparta, Tur-
key. After collection, the wood chips were cut into small pieces using a laboratory-type hammer mill, passed
through a 5-8 mm screen, and then dried under atmospheric conditions until at least 10 % - 12 % moisture con-
tent was obtained. The dolomite was collected from Isparta-Aksu mining sites in Turkey. The great majority of
the mineral dolomite used in the experimental samples has 18,72 % MgO and 31,50 % CaO compounds. The
commercial gypsum with perlite was purchased from a company in Isparta, Turkey.
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Preparation of experimental samples

The sample preparation was conducted at room temperature. First, gypsum, mineral dolomite, and red pine
wood chips were mixed to obtain a homogeneous mixture. The mixture was then added to water to reach a
satisfactory level. Metal mold plates in dimensions of 40 cmx 40 cm x 10 mm were used to prepare the board
paste. This was pre-pressed at 80 kg/cm? for 5 min and then at 1,5 N/mm? for 24 h using a laboratory-type press
at 20 °C - 24 °C. The boards were kept between metal plates after the completion of the pressing process and
acclimatized for three weeks.

Characterization

The experimental boards were conditioned at 23 °C and 65 % relative humidity and samples were sawn to
determine the internal bond (IB), modulus of elasticity (MOE) and rupture (MOR), and thickness swelling (TS,
%)/ water absorption (WA, %) after 2 and 24 h immersion in water, 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 was examined in accordance with the ASTM C 1113-90
(1990) standard by applying the hot wire method using the QTM 500 quick thermal conductivity meter. A
standard flame combustion test system was applied according to TS EN-ISO 11925-2 (2002). The Shimadzu
IR Prestige-21 Fourier-transform infrared (FTIR) spectrophotometer was used to analyze the compounds re-
lated to the surface. Thermogravimetric analysis (TGA) was carried out using a Perkin Elmer SII instrument in
order to determine the changes in thermal degradation. The percentage of dolomite, wood, and gypsum used in
the various board sample types according to their given codes is shown in Table 1. The purpose of increasing
and decreasing the additive ratios of the reinforcement materials added to the composite board consisting of
gypsum-wood mixture is to measure the effectiveness of the additional additive at each rate. In the first group
of composites prepared in our article, 4 different composite materials were produced by keeping the 70 %
gypsum amount constant and 4 different composite materials by keeping the 28 % gypsum amount constant.
In this way, the synergistic activity of each of them was investigated in § different plates produced by keeping
the amounts of red pine and dolomite variable.

Table 1: Code numbers and mixture proportions (%) of board samples.

Contents Board Codes
A B C D E F G H
Dolomite (%) 24 18 12 6 42 36 30 24
Red pine wood (%) 6 12 18 24 30 36 42 48
Gypsum (%) 70 70 70 70 28 28 28 28

Measurements were conducted in the Forest Product Engineering Research and Application Laboratory at
Isparta University of Applied Sciences. An analysis of variance (ANOVA) general linear model procedure was
performed using the data to interpret the interaction of the manufactured boards. The Duncan test was used to
make comparisons among board types for each property tested when the ANOVA was found to be significant.

RESULTS AND DISCUSSION

Lignocellulosic material fibers are easily flammable. Fortunately, there are some fire retardant fillers that
can be used. These are categorized as inorganic and organic flame-retardants depending on their chemical na-
ture. Mineral dolomite has an ideal chemical composition of CaMg(CO,), and belongs to a symmetry structure
group in the trigonal subsystem of the hexagonal crystal system (Morrow 1982). Figure 1 shows the dolomite
structure consisting of calcium and magnesium ions (Warren 2000). Fire retardant chemicals, especially inor-
ganic retardants, improve the combustion properties of wood material (Kozlowski ef al. 1995). The effective
incorporation of MgO to wood materials has been shown to decrease combustibility and improve the flame
retardancy and thermal stability of the cellulose fibers (Li ef al. 2017). Dolomite mineral is rich in MgO and
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CaO compounds and thus was able to provide the fire retardant characteristic to the test boards.

Dolomite
Ca Mg (COy),

Substution of Substiution of
Fa, S Na Ca

Mg Ca  Carbonale

Figure 1: Calcium and magnesium ions in the structure of dolomite (Warren 2000).

The chemical composition of the mineral dolomite used in the board production is shown in Table 2,
demonstrating that MgO and CaO compounds constitute the great majority of its composition.

Table 2: Chemical composition of dolomite.

Compound | S10, | ALO; | Fe,O; | MgO | CaO | Na,O | K,O | TiO; | P,Os | MnO | Water
and
Gases
Amount 1,89 | 0,10 | 0,02 | 18,72 | 31,50 | 0,01 | 0,01 | <0,01 | 0,02 | 0,01 47,33
(%0)

Dimensional stability and mechanical properties

The water absorption (WA, %) and thickness swelling(TS, %) values of boards submerged in water for 2,0
h and 24 h are shown in Table 3. The results were observed for WA and TS properties of boards manufactured
from red pine wood and gypsum with mineral dolomite. The composition of the dolomite and red pine wood
content of these boards varied, while the gypsum, as binder,varied in proportions of 70 % and 28 %.
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Table 3: The water absorption (WA %) and thickness swelling (TS %) values of the boards.

Board Code WA WA TS TS B MOR MOE
@2h (24 h) (2 h) (24h) (MPa) (MPa) (MPa)
A 32 53(a) 0.2 0,7(a) 0,43(c) 1,82(c) 14,27(a)
B 9.9 12,7(a) 0,4 0,8(b) 0,39(c) 1,92(a) 20,46(bc)
C 16,1 19.9(a) 0,9 6.6(c) 0,21(b) 2.63(b) 32,55(ab)
D 23.1 352(a) 11 12,3(d) 0,11(a) 4,53(a) 35,74(c)
F value 1,629 1763,724%%% | 86,087%%% | 35060%%* 4,320%
E 528 572 (b) 93 10,1(a) 0.3(a) 3,79@) 47,14(a)
F 493 59.9(a) 19,9 20,5(a) 0,28(a) 2.97(a) 41,87(a)
G 773 80,3(b) 223 22,5(a) 0,28(a) 1,73(a) 36,49(a)
i 89,4 94.5(b) 243 24,4(a) 0,24(a) 1,27(a) 31,27(a)
F valuc 8,940%* 0,676 0,682 0,664 ™ 1,909 ™

(***) denotes 99,9 % confidence level, (**) denotes 99 % confidence level, (*) denotes 95 % confidence level, (ns) denotes statis-
tically insignificant, and (a, b, c, d, ¢) denote homogeneous groups.

The lowest WA values (5,3 %) were observed on board type A. However, the minimum WA value was
found on board type E among the boards with 28 % gypsum. It is important to note that increasing the mineral
content was found to improve the WA properties in both board groups.

The thickness swelling (TS) values of the boards were found to be higher than the standard value of 12,5 %
under some conditions in the F,G, and H type boards. This may have been a result of not using a hydrophobic
substance in the production of the boards (Nemli 2003). However, TS properties were seen to be below the
standard value in all boards bonded with 70 % gypsum. Therefore, after 24 h, with gypsum used at 70 % as
adhesive, the lowest TS value (0,7 %) was found with board A and the highest (12,3 %) with board D. Like-
wise, in the 28 % gypsum-bonded boards, the highest TS value (24,4 %) was found in board H, produced using
24 % dolomite/ 48 % red pine wood/ 28 % gypsum, and the lowest (10,1 %) in board E,with a combination of
42 % dolomite/30 % red pine wood/28 % gypsum.The presence of mineral dolomite seemed to have a negative
effect on TS properties. However, the increased amount of gypsum in the mixture negatively affected the TS
and WA properties. A clearly significant difference was found between the 28 % and 70 % gypsum presence.

The statistical data indicated that the F values of the boards coded A-D and E-H were 1,629 (p= 0,258)
and 8,940 (p= 0,004) for WA properties, respectively. Likewise, the F values of these boards were found as
1763,724 (p=0,000) and 0,676 (p=0,586) for TS properties. According to these results, significant differences
were found among the E-F boards on WA properties and among the A-D boards on TS values. However, the
WA values of the A-D boards and the TS values of the E-H boards were found to be statistically insignificant.

According to the ANOVA results for internal bond (IB) and modulus of rupture (MOR) properties of the
boards, significant differences were found among boards A-D at a 99,9 % confidence level,while the range
of modulus of elasticity (MOE) values of the boards was found at a 95 % confidence level. Moreover, the
IB,MOE, and MOR results were found to be statistically insignificant in the E-F board samples.

The IB, MOR, and MOE values of the boards produced from dolomite, red pine wood, and gypsum mix-
tures are shown in Table 3. The highest IB value (0,43 MPa) was scen in the A coded board (24 % dolomite/6 %
red pine wood/70 % gypsum) and the lowest IB (0,11 MPa) in board D (6 % dolomite/24 % red pine wood/70
% gypsum).

Table 3 shows that approximately all boards exhibited IB values higher than the standard of 0,28 MPa.
This can be explained by the fact that the mineral substances in the board structure had a hydrophobic effect on
the binder that increased the adhesive absorption of the particles. For this reason, the usage of dolomite mineral
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The MOR values ranged from 1,82 MPato 4,53 MPa. However, the EN 312 (2012) requirement for
general-purpose particleboards is a MOR value of 12,5 MPa. All experimental types of boards had MOR
values below the standard. Moreover, the MOE values of all boards were found to be below the standard value
of 1600 MPa. The lowest MOE value (14,27 MPa) was observed in board type A and the highest value (47,14
MPa) was in board D.

Table 3 shows an increasing tendency from A to D and from E to H for MOR and MOE properties.The
reduction in MOR and MOE values may have been due to the presence of large dolomite particles in the board,
which consequently lessened the compatibility of the wood particles. On the other hand, the MOR of gypsum
has been reported to be in the range of 1,0 Mpa to 4,0 Mpa, depending on the specimen and other factors
(Cramer et al. 2003). Compared to literature studies mentioned above, this indicates that the effect of the
gypsum on the boards was negligible.

Thermal conductivity and density values

The thermal conductivity and the density values obtained from the various types of boards prepared in
the presence of gypsum as a binder are given in Table 4. The highest thermal conductivity value (0,8068 W/
mK) was found for board A. The lowest thermal conductivity value (0,2398 W/mK) was obtained for board H,
which was a mixture of 30 % dolomite/42 % red pine wood/28 % gypsum. These thermal conductivity results
show that all board samples had values below the 0,065 w/mK standard determined for building and thermal
insulation material (Yalgin 2018). It seemed that when the amount of gypsum in the mixture was increased, the
thermal insulation property of the material decreased. In addition, the thermal conductivity values decreased in
all board types because of the reduction of the mineral dolomite.

Table 4: Thermal conductivity and density values of boards.

Board Thermal Density Board Code Thermal Density
Code Conduectivity (kg/m?) Conductivity (kg/m*)
(W/mK) (W/mK)
A 0.8068 (0,033) 1,637 (0,024) E 0,2966 (0.009) | 0,900 (0,026)
B 0,3702 (0,024) 1,194 (0,008) F 0, 2788 (0,007 | 0,887 (0,012)
C 0,3910 (0,030) 1,073 (0.011) 02792 (0.004) | 0,881 (0,014)
D 0,2083 (0,018) 0,032 (0.010) H 0,2398 (0.006) | 0.875 (0,022)

Standard deviation in brackets

Table 4 shows the density values of the board samples compared to the thermal conductivity data. The den-
sity increased depending on the mineral material increment, and the density differences of the samples affected
the thermal performance of the board. The highest density (1,637 kg/m?) was found in board A and the highest
thermal conductivity was also observed in the same sample. However, the lowest density (0,875 kg/m?) was
found in board H. This was due to fact that large mineral particles can cause a reduction in thermal conductivity
in wood-gypsum boards. Therefore, the increment of particle content and amount of space between particles
led to lower thermal conductivity (Bekhta and Dobrowolska 2006).

Combustion behavior

Figure 2 shows the results of combustion experiments carried out with a single flame source. The tempera-
ture values were measured every 30 s for up to 300 s using a heat measuring device from the back side of the
board surface, according to the DIN 4102-1 (1998) standard. As seen in Figure 2, the highest surface tempera-
ture passed to the opposite side of the flame source (105,6 °C) was found in board Cafter 300 s. However, in all
samples bonded with 70% gypsum, the lowest value (89,3 °C) was observed in board D after 300 s. The highest
surface temperature (104,1 °C) was found in board F after 300 s. At the same time, in all samples bonded with
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28 % gypsum, the lowest value (99 °C) was observed in board H after 300 s (Figure 2). Generally, all types of
boards exhibited similar test results.
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Figure 2: Surface temperature values of combustion experiment.

Thermal degradation through thermogravimetric analysis (TGA)

The thermogravimetric (TG) curves of boards A, B, C, and D are shown in Figure 3. Thermogravimetric
analysis (TGA) is used to determine the thermal stability and thermal conductivity of a material (Chen et
al. 2013). The mass losses occurring in material heated to high temperatures are measured, and the thermal
stability and burning behavior of the material are characterized by calculating the mass loss according to the
temperature ranges. The TGA is the most commonly used method for determining the temperature-time dete-
rioration of the components of composite materials (Kaya and Sahin 2016, Kaya 2015).The study examined
the TGA-DTG thermograms of composite materials with a dolomite mineral additive and gypsum binder
produced in the form of board samples.The composite boards produced with dolomite additive were examined
in two groups according to the amount of gypsum as the binding material and comparisons were made.The de-
rivative thermogravimetry (DTG) curves of boards A,B,C, and D are shown in Figure 4. Degradation reactions
took place in four phases in the first group of gypsum boards (A, B, C, D coded boards with 70 % gypsum).
The initial temperature (T _ ), maximum temperatures (T _ ), final temperature ( ), and mass loss are

onset

shown in Table 5 for each board type.
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Figure 3: Thermogravimetric (TG) curves of board types A, B, C, D.
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Figure 4: Derivative thermogravimetry (DTG) curves of board types A, B, C, D.

Table S: Initial temperature (T ), maximum temperatures (T ), final temperature (T_, ), and mass
loss values of board types A, B, C, D.

Board | T, Mass T i Mass TC x> Mass T. 4 | Mass Loss | Residue
Code Loss (%) Loss (%) Loss (%) (%)
A 85 0,27 120 4,16 364 8,38 884 27,15 71
B 84 2,50 119 5,67 362 2424 881 48 .46 49
C 82 3,67 118 7,85 351 29,80 873 65,10 28
D 80 421 117 10,17 350 39,62 870 64,34 18

T® initial temperature at the first phase of degradation (°C); T¢ temperature of the maximum peak at the first phase of degradation (°C);
T® temperature of the maximum peak at the second phase of degradation (°C); T* final temperature at the second phase of degradation (°C)

The chemically bound water was removed (via dehydration) with the increase of temperature (T _ ) in the
initial phase of the board structure. Thus, up to 120 °C, the mass loss was around 9 % in the board. In this first
phase, physical and chemical changes occur, especially in the structure of gypsum (CaSO,2H,0) (Guerrero
and Hernandez 2000, Chang et al. 1999, Espinoza-Herrera and Cloutier 2009). The calcium sulphate structure
loses water and crystallizes (Shahraki ef al. 2009, Kurugol and Tekin 2011).

Phase I CaSO, 2H,0 —CaS0, % H,0 + 3/2 H,0
Phase II: CaS0,% H,0 —CaS0, + % H,0

In the second phase (from 180 °C to 350 °C), the dolomite kept mass loss at the minimum level in board A
due to its resistance to thermal degradation. Although the mineral additives delayed the degradation of hemi-
cellulose and cellulose at these temperatures, degradation had begun.
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The thermogravimetric (TG) curves of boards E, F, G and H are shown in Figure 5. In the third phase,
the addition of the dolomite to the mixture provided an effective protection against the thermal deterioration
of the wood particles. The inorganic material additive increased the hemicellulose and cellulose degradation
temperature from 240 °C to 350 °C (Biermann 1993, Todor 1976). At these temperature values, a decrement
was observed in mass loss, which was positively affected by the mineral addition in this phase.

The fourth phase started from 650 °C because of the decomposition in the structure of the dolomite and
gypsum. The calcite and magnesium oxide in the dolomite structure decomposed and released carbon dioxide,
and mass loss increased, with the peaks formed after 750 °C and 880 °C (Guerrero and Hernandez 2000, Chang
et al. 1999, Shahraki et al. 2009, Todor 1976). The maximum mass loss was 64,34 % and the minimum was
27,15 %. The residue was determined as 71 % at the least loss and 18 % at the most loss. As a result, thermal
stability had increased with the addition of dolomite to the composite structure consisting of wood particles

with 70 % gypsum.
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Figure 5:Thermogravimetric (TG) curves of board types E, F, G, H.

2000
1500 <
=
‘E‘ 1000
= i _
S E
pry —F
e —0c
a ——H
500 4
o4
v} 200 400 600 800 1000

Temperature ("C)

Figure 6: Thermogravimetry (DTG) curves of board types E, F, G, H.

Degradation reactions took place in two phases in the second group consisting of 28 % gypsum (boards E,
F, G, H). Initial temperature (T ), maximum temperatures (T _ ), final temperature (T_, ), and mass loss

onset
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are shown in Table 6. The DTG curves of boards E, F, G, and H are shown in Figure 6. The moisture content
of the composite material decreased in the first phase that started at 97 °C, and the mass loss increased due to
the presence of the wood chips. The first maximum temperature peak was observed at 124 °C. The cellulose,
hemicellulose, and lignin were degraded in the second phase when the temperature reached 250 °C and the
mass loss was found to be 10 % on average.

Table 6: Initial temperature (T _ ), maximum temperatures (T, ), final temperature (T, ), and mass
loss values of board types E, F, G, H.

Board | TSume | Mass | T | Mass T s Mass Tlogser | Mass Residue

Code Loss (%) Loss (%) Loss (%) Loss (%)
E 97 1,00 124 5 734 32,95 826 47 37
F 98 6,25 125 10,6 759 70,11 825 68 34
G 98 1,55 123 6,25 675 21,58 825 45 12
H 99 4,46 123 12,61 674 58.8 826 60 5

T initial temperature at the first phase of degradation (°C); T¢ temperature of the maximum peak at the first phase of degradation (°C);
T¢ temperature of the maximum peak at the second phase of degradation (°C); T' final temperature at the second phase of degradation (°C).

However, with the degradation of dolomite at 700 °C, mass loss reached the highest level. The degradation
of dolomite occurs in two phases: calcium oxide decomposition and carbon dioxide release (Shahraki ef al.
2009).

Phase I: MgCa(CO,)2 — MgO+ CaCO,+ CO,

Phase II: CaCO3 — CaO+CO,

The thermal degradation of lignin, hemicellulose, and cellulose was delayed by the reduction of oxygen
in the environment. The degradation of dolomite occurred in peaks at 750 °C and 850 °C. The mass loss was
around 50 % - 60 % at these temperatures. This decomposition of dolomite is characterized in the DTG curves
(Kristof-Makoé and Juhasz 1999, Maitra et al. 2005, L’vov and Ugolkov 2003).

The amount of gypsum and dolomite by weight affected the thermal variation in the gypsum boards
with dolomite additive, whereas the increment in the weight of the wood particles also increased the thermal
degradation. The oxygen increment in the environment accelerated combustion and caused the wood particles
to decay (Espinoza-Herrera and Cloutier 2009). As a result of the tests, for a successful thermal assessment, it
is recommended that the wood chip content be kept below 20 % - 30 % by weight for thermal stability.

Functional groups assessment

A FTIR analysis was made to characterize the structure of the composite material and the use of functional
groups in the main structure. The FTIR spectrum of boards A, B and C is shown in Figure 7. The transition
to a crystal structure was accelerated. According to the FTIR spectrum the 3526-3400 cm™ absorption bands
show strong bonds and -OH vibration stresses (Kondo and Sawatari 1996, Schwanninger et al. 2004). The
2525 cm! and 2250 cm band refers to the vibrations of the presence of C-H (Kondo and Sawatari 1996,
Schwanninger et al. 2004, Pasquali and Herrera 1997) and the1446 cm™ absorption band indicates O-C = O
and CH, stress titers and shows they have a strong bond structure.
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Figure 7: FTIR spectrum of board types A, B, C and D.

The tensile vibrations at 881cm™ show —C-OH as moderate bonds characteristic of dolomite. These
characteristic bands are prominently detected in the FTIR signals (Gunasekaran and Anbalagan 2008). Stresses
at 850-980 cm ' reveal Ca-O and Mg-O (Shahraki et al. 2009), at 1040 cm', 884,525 cm!, and 480 cm™!, a weak
bond and SiO, symmetrical and asymmetrical bond stresses (Tiwari et al. 1996, Agan et al. 2006), at 2929
cm!, symmetrical C-H stresses and -OH stresses belonging to the methyl and methylene group (Kondo and
Sawatari 1996, Schwanninger et al. 2004, Pasquali and Herrera 1997), at 1642 cm™', C=0O strain vibrations and
stretching vibrations, C=C aromatic ring, C-C strain hemicellulose, lignin, carboxyl, and acetyl group stresses;
at 1445 cm’!, C-H bending (Fengel 1991), at 1071 cm™!, C-C, C-O-H, C-H vibration stresses expressing the
bonds in the hemicellulose and cellulose glucose ring, (Faix 1991, Fengel 1991, Marechal and Chanzy 2000)
and at 884 cm™!, a C-O asymmetric stretching band (Kondo and Sawatari 1996, Falcao and Araujo 2013).

When the FTIR spectrum of the E, F and G board samples (Figure 8) are examined, the 3538-3455 cm’!
band -OH group shows strong vibrations caused by water in the structure (Pandey 1999). The increase in the
amount of red pine wood accounts for the increase in cellulose, hemicellulose, and lignin in the structure and
more OH groups (Kim ef al. 2007). In this band range, the transmitted value is higher in the H group than in the
others. In the range of 2930-3000 cm'the bands show C-H. The presence of the methyl and methylene group
in the cellulose and hemicellulose expresses weak tensile vibrations (Esteves ef al. 2013).
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Figure 8: FTIR spectrum of board types E, F, G and H.
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The vibrations in this band are the highest in group H. It shows a weak vibration at 1619 cm™ and a strong
bond structure in the 1445-950-882 cm! bands. These bands express the characteristic presence of the CaO and
MgO belonging to dolomite (Ji et al. 2009). The vibrations in these bands are higher in the E group than in the
others. This is caused by the strong SiO, stresses at 890 cm™ and 1151 cm™ and medium stresses at 472 cm'!
(Tiwari et al. 1996, Agan et al. 2006). The presence of lignin carboxyl and acetyl groups at 1151 cm™ and the
C-H group from the cellulose structure at 890 cm™ can be explained by the excess amount of wood in this
group of composites (Faix 1991, Fengel 1991, Marechal and Chanzy 2000). Strong bonds at 890 cm™,730
cm’, and 671 cm’, and medium bonds at 605 cm™and 1472 cm™ result from the mineral additive gypsum
(Prasad et al. 2005).

CONCLUSIONS

This study examined some properties of gypsum particleboard composed of gypsum and red pine wood
chips admixed with mineral dolomite. It is important to note that increasing the mineral content has been found
to improve WA properties. However, the presence of mineral dolomite had a negative effect on TS properties.
All board types had higher IB values than the standard value of 0,28 MPa.This can be explained by the fact that
the mineral substance in the board structure produced a hydrophobic effect against the binder, thus increasing
the adhesive absorption of the particles. As a result, the usage of mineral dolomite in the board composition
enhanced the IB properties.

The bending strength (MOR) and Modulus of Elasticity (MOE) values in all experimental types of boards
were below the standard value requirement for general-purpose particleboards. This may have been caused
by the presence of large dolomite particles in the board that decreased the compatibility of the wood particles.

In addition, the density was increased depending on the mineral increment, and the density differences of
the board samples affected their thermal performance. This was attributed to the fact that large mineral par-
ticles can cause a decrease in thermal conductivity of wood-gypsum boards and consequently, the increment
of particle content and amount of space between particles can lead to lower thermal conductivity. Meanwhile,
after 300 s, the surface temperature values of the samples ranged from 89,3 °C to 104,1°C.

Thermal stability increased with the addition of dolomite to the composite structure of the group consisting
of 70 % gypsum and wood particles. Therefore, for a successful thermal assessment, it is recommended that
the wood chip content be kept below 20 % - 30 % by weight for thermal stability.

Overall, the results of this work show that the combination between wood particles, gypsum, and dolomite
provides a good alternative to improve the thermal characteristic of the boards.

However, the mechanical properties of boards could not meet the standarts of composite boards such as
construction boards. Therefore, it can be usable some places where is not strength neccesity such as insula-
tion applications, indoor panels and siding. Besides, further reseaches should conduct to improve mechanical,
physical and technological properties of mineral based particlebords.
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