
Ondaral, Usta, Ondaral: Dimensional Stability Properties of Medium-Density Fiberboards Produced Using Silicone-Based...

  75 (2) 151-160 (2024)  151 

Meryem Ondaral*1, Mustafa Usta2, Sedat Ondaral2

Dimensional Stability Properties of 
Medium-Density Fiberboards Produced 
Using Silicone-Based Chemicals

Dimenzijska stabilnost srednje gustih ploča 
vlaknatica proizvedenih uz upotrebu kemikalija 
na bazi silikona

ORIGINAL SCIENTIFIC PAPER  
Izvorni znanstveni rad
Received – prispjelo: 13. 9. 2022.
Accepted – prihvaćeno: 15. 11. 2023.
UDK: 539.388.8; 674.817
https://doi.org/10.5552/drvind.2024.0061

ABSTRACT • The purpose of this study was to investigate the effects of two different silicon-based water-repellent 
chemicals (Dow Corning 87 and Xiameter PMX-200 1000cs) added to melamine urea formaldehyde glue (1.07 
mol, 5 % melamine additive) in different proportions (0.5 %, 1.0 %, 1.5 % and 3.0 %) on the dimensional proper-
ties (swelling-shrinkage and length extension and shrinkage) of the medium density fiberboard. In the context of the 
study, the dimensional stability properties of the boards were measured based on the TS EN 318:2005 standard. It was 
observed that, when the relative humidity of the air conditioning room increased from 65 % to 85 %, the swelling de-
creased and the extension increased, respectively, in the thickness and length directions of the boards produced with 
silicon-based chemicals (compared to the control board produced without using silicone-based chemicals). On the 
other hand, it was determined that the shrinkage in the thickness and length direction of the boards decreased when 
the relative humidity of the air-conditioning room was reduced from 65 % to 30 %. Moreover, the dimensional stabil-
ity properties of medium density boards produced with silicon-based chemicals increased (resistance to moisture).
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SAŽETAK • Cilj ove studije bio je istražiti učinke dviju različitih vodoodbojnih kemikalija na bazi silikona (Dow 
Corning 87 i Xiameter PMX-200 1000cs), dodanih melamin-ureaformaldehidnom ljepilu (1,07 mol, 5 % melami-
na) u različitim udjelima (0,5 %, 1,0 %, 1,5 % i 3,0 %) na dimenzijska svojstva srednje gustih ploča vlaknatica 
(bubrenje/utezanje i promjene dimenzija po duljini). Mjerenje dimenzijske stabilnosti provedeno je prema standar-
du TS EN 318:2005. Utvrđeno je da se s povećanjem relativne vlažnost zraka u klimatiziranoj prostoriji sa 65 na 
85 % u ploča proizvedenih uz dodatak kemikalija na bazi silikona (u usporedbi s kontrolnim pločama proizvede-
nima bez kemikalija na bazi silikona) bubrenje u smjeru debljine smanjilo, a istezanje u smjeru duljine povećalo. 
Istodobno je uočeno da se utezanje ploča u smjeru debljine i duljine smanjilo kada je relativna vlažnost zraka u 
klimatiziranoj prostoriji smanjena sa 65 na 30 %. Štoviše, povećala se dimenzijska stabilnost srednje gustih ploča 
vlaknatica proizvedenih s kemikalijama na bazi silikona (otpornost na vlagu).

KLJUČNE RIJEČI: MDF; hidrofoban; kemikalija na bazi silikona; vodoodbojan; dimenzijska stabilnost
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1 	 INTRODUCTION
1. 	UVOD

Medium-density fiberboard (MDF) is a hygro-
scopic material like solid wood. Since it is composed 
of wood fibers, its dimensions (thickness and longitu-
dinal direction) change by absorption or desorption 
due to changes in temperature and relative humidity of 
the environment (Ayrılmış and Mater, 2007; Grigsby et 
al., 2012; Dopico and Heroux, 2004; Xu and Winistor-
fer, 1995). The change in the dimensions of a board 
occurs as swelling/shrinkage in the thickness direction 
and as extension/shrinkage in the length direction. 
Changes in the dimensions of the boards are an impor-
tant issue in terms of their end-use and the board stor-
age areas. Therefore, various experiments have been 
conducted by focusing on different board production 
parameters, such as raw material preference, press con-
ditions, different glue content, board density, and wa-
ter-repellent chemicals.

The hygroscopic structure of wood is formed by 
the hydroxyl groups of polymers in the cell wall (Papa-
dopoulos et al., 2019). It is important to ensure that 
these hydroxyl groups form bonds that are resistant to 
water and moisture and do not break easily. For this 
purpose, a number of studies, in which different glues 
and water-repellent chemicals are used and different 
board-forming methods are applied, have been con-
ducted (Halligan, 1970; Mantanis and Papadopoulos, 
2010a; Mantanis and Papadopoulos, 2010b). Besides 
the production of melamine and phenolic-containing 
glues, researchers have also investigated the addition 
of chemical substances such as water-repellent rosin 
and wax in order to improve the water and moisture 
resistance of fiber boards (Segovia et al., 2021; More-
no-Anguiano et al., 2022). As a result of these studies, 
water and moisture resistant boards have been pro-
duced, but completely water-resistant (unchangeable 
in size) boards could not be produced. However, it has 
been determined that long-term use of boards produced 
with the wax chemical causes changes (swelling- elon-
gation) in their dimensions (Garcia et al., 2005; Halli-
gan, 1970; Hsu et al., 1990; Press, 1990). This situation 
has led researchers to search for using different chemi-
cals in board production. Various water-repellent 
chemicals, such as nanotechnology compounds, nano-
wollastonite, oils, organosilicon, and organo-silane 
compounds, have been tested, and boards with differ-
ent levels of water-moisture resistance have been pro-
duced (De Vetter et al., 2011; Esmailpour et al., 2021; 
Hassani et al., 2019; Ibrahim et al., 2016; Kloeser, 
2010; Mantanis and Papadopoulos, 2010a; Taghiyari et 
al., 2015; Wang et al., 2020). 

Silicones with water-repellent properties are hy-
drophobic substances and have a positive effect (re-

duction in water and moisture absorption) on the in-
teraction of wood-based boards with water-moisture 
(Donath et al., 2006; Ghosh, 2009; Aziz et al., 2021). 
In addition to their moisture resistance in the produc-
tion of wood-based boards, they are used in a wide 
variety of fields such as textiles, cosmetics, wood 
preservation and furniture (Buyl, 2007). For the 
boards to remain dimensionally stable, it is necessary 
to add water-repellent chemicals as well as glue; the 
compatibility between the used water-repellent chem-
icals and the glue is important. In this sense, the reac-
tive silane groups of silicon-based chemicals act as 
binders for both organic and inorganic components. 
Moreover, because of their dual reactive properties, 
they form bridges between inorganic and organic sur-
faces (cellulose- filling material) and organic poly-
meric matrices (e.g., rubber-thermosets), and they 
increase adhesion. (Materne et al., 2004; Kartal et al., 
2009). These properties of silicon-based chemicals 
make them important in board production. In addi-
tion, their ability to bind inorganic fillers or fibers to 
organic glues to create or promote a stronger bond at 
the interface is another reason for their preference in 
board production. Furthermore, the chemical sub-
stances used in the production of the board do not 
threaten human and environmental health. In this 
sense, for sectors such as food industry, textile and 
medical applications, silicone-based chemicals that 
do not contain threatening elements can be safely 
used in production (Mai and Militz, 2004).

This study aimed to investigate the effect of Dow 
Corning 87 and Xiameter PMX-200 1000cs chemicals 
on the dimensional stability properties of medium-den-
sity fiberboard. The density of MDF boards, produced 
with a mixture of MUF glue and silicone-based chemi-
cals added at different concentrations and their dimen-
sional stability properties (swelling-shrinkage in thick-
ness, extension-shrinkage in length direction) occurring 
based on the effect of the amount of chemicals, was 
evaluated.

2 	 MATERIALS AND METHODS
2. 	MATERIJALI I METODE

2.1 	 Materials
2.1. 	Materijali

In this study, mixed fibers produced from soft-
wood (pine 50 %) and hardwood (beech 40 % +oak 
10 %=50 %) were obtained from Çamsan Anonym 
Company (Sakarya, Turkey). Melamine Urea Formal-
dehyde (F/U: 1.07 mol 5 % melamine added) glue and 
ammonium chloride (glue hardener) supplied from 
Çamsan A.Ş. (Sakarya, Turkey) were used. Dow 
Corning 87 (DC) and Xiameter PMX-200 1000cs 
(XM) produced by Dow Corning company (Seneffe, 
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Belgium) were used as chemicals. DC (Octyl-
triethoxysilane) is a liquid and white color chemical 
with boiling point > 35 °C and dynamic viscosity of 
50 mPa∙s. On the other hand, XM (Trimethylsiloxy) is 
a liquid and colorless chemical whose initial boiling 
point and boiling range are higher than 65 °C, flash 
point is higher than 120 °C, relative density is 0.97 
and kinematic viscosity is 1000 cSt (25 °C). DC is an 
active (40 %) silane-based silicone glue emulsion, 
and its components are determined by the XRF device 
as given in Table 1.

Table 1 XRF elemental analysis results of DC chemical
Tablica 1. XRF rezultati elementarne analize DC kemikalije

Component
Komponenta

Solid content, %
Udio suhe tvari, %

Si 0.432
S 0.056

Cu 0.003
Plastic 99.508

The chemical name of XM is silicone and it is a 
linear polydimethylsiloxane. Its components are deter-
mined by XRF device as given in Table 2.

Table 2 XRF elemental analysis results of XM chemical
Tablica 2. XRF rezultati elementarne analize XM kemikalije

Component
Komponenta

Solid content, %
Udio suhe tvari, %

Si 25.665
S 0.052

Cu 0.008
K 0.052
Fe 0.004

Plastic 74.220

The properties of 5 % melamine added Melamine 
urea formaldehyde glue are presented in Table 3. 

2.2 	 Methods
2.2. 	Metode
2.2.1 	 Board production
2.2.1. 	 Proizvodnja ploča

The fibers supplied wet from the factory were 
laid out and dried in the laboratory, and the fiber lumps 
formed after drying were opened by pressing lightly on 
the sieve surface. After the opened fibers were dried in 
a drying oven (100 °C) until 7 % dryness, they became 
ready for use in board production. In order to create the 
fiber board, first, the glue, hardener and silicon chemi-

cal were mixed in a baker. Then the mixture was 
sprayed into the container in which the fibers were lo-
cated, and the mixing process was carried out. After the 
fiber and glue mixture was homogeneously laid on the 
frame placed on the press board steel, manual pre-com-
pression was performed with the help of a flat surface. 
After the other press-board steel was placed on the fi-
ber mat and the thickness wedges were placed, the hot 
press was applied. In the context of the study, a total of 
16 boards with 8 different board groups were produced.  
The amount of glue, fiber and hardener were calculated 
depending on the dry weights. The amount of glue was 
20 % based on the amount of dry fiber, and the amount 
of hardener was used as 2 % based on dry glue. Silicon 
chemicals were applied at the content ratios of 0 %,  
0.5 % - 1 %, 1.5 % and 3 % (w/w of fiber).  The boards 
were formed by keeping the draft of the board in a sin-
gle-layer press at 180 °C, under a pressure of 45-30 kg/
cm2 for 420 seconds. Boards were produced in 300 mm 
× 300 mm × 10 mm (length × width × thickness) di-
mensions. The test procedures were started after the 
produced boards were conditioned at room tempera-
ture (20±2 °C, 65 % relative humidity) until reaching 
equilibrium moisture.

2.2.2 	 Board tests
2.2.2. 	 Ispitivanje ploča
2.2.2.1 	� Determination of dimensional 

change properties of boards
2.2.2.1. 	�Određivanje dimenzijskih promjena 

ploča

The test of wood based-panels determination of 
dimensional changes associated with changes in rela-
tive humidity (TS EN 3182005) was applied to the test 
samples. This test is a method based on calculation of 
the difference between the thickness and length of the 
board by keeping it in an air conditioning room (20 °C, 
65 % - 85 %, 65 % - 30 %) until it reaches constant 
weight at different relative humidity values. Test pieces 
were obtained by cutting them to be (300±2) mm × 
(50±2) mm × 10 mm (board thickness) in dimension. A 
total of 64 test samples were prepared by taking 8 test 
samples from each board group. A conditioning pro-
cess consisting of three stages was applied to the board 
pieces separately as two sets. This process kept going 
until each board piece reached a constant mass. The 
length, thickness and mass were measured after the 
2nd and 3rd conditioning process. The dimensional 
change in the length and thickness of the board sam-

Table 3 Properties of melamine urea formaldehyde (Çamsan Sakarya AŞ., Turkey, 2018)
Tablica 3. Svojstva melamin-ureaformaldehida (Çamsan Sakarya AŞ., Turkey, 2018.)

Glue type
Vrsta ljepila

Solid matter, %
Udio suhe tvari, %

pH Viscosity (flow time, 20 °C), s
Viskoznost (vrijeme istjecanja, 

20 °C), s

Gel time, s
Vrijeme 

želiranja, s

Density (20 °C), g/cm3

Gustoća (20 °C), g/cm3

1,16 mol MUF 60 9.11 43 48 1258
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ples at different relative humidity values was calculat-
ed with the formula below.

Change in the length of the board piece:

I65,85 =  (with using results of 1 team)

I65,30 =  (with using results of 2 team)

Where I65,85 is relative change in length (mm/m) 
for the change of relative humidity from 65 % to 85 %. 
I65,30 is relative change in length (mm/m) for the 
change of relative humidity from 30 % to 65 %. l85 is 
verified length (mm) between measuring points at 20 
°C temperature and 85 % relative humidity for the ef-
fect of marking used. l65 is verified length (mm) be-
tween measuring points at 20 °C temperature and 65 % 
relative humidity for the effect of marking used. l30 is 
verified length (mm) between measuring points at 20 
°C temperature and 30 % relative humidity for the ef-
fect of marking used.

Change in the thickness of the board piece:

t65,85 =  (with using results of 1team)

t65,30 =  (with using results of 2 team)

Where t65,85 is relative change in thickness for 
the change of relative humidity from 65 % to 85 %. 

t65,30 is relative change in thickness for the change of 
relative humidity from 30 % to 655 %. t85 is verified 
thickness (mm) for the effect of marking measured at 
20 °C temperature and 85 % relative humidity and used 
when necessary. t65 is verified thickness (mm) for the 
effect of marking measured at 20 °C temperature and 
65 % relative humidity and used when necessary.

t30 is verified thickness (mm) for the effect of 
marking measured at 20 °C temperature and 30 % rela-
tive humidity and used when necessary.

2.2.2.2 	� Determination of density values  
of boards

2.2.2.2. 	�Određivanje gustoće ploča

The density values of the samples were deter-
mined based on the principles specified in the EN 
323:1999 standard. Four test samples were used to de-
termine the board density and the averages of the ob-
tained results were taken. After measuring the weight, 
thickness and width of two edges of the test samples, 
which were conditioned and prepared in sample sizes 
of 50 mm × 50 mm × 10 mm, their densities were cal-
culated with the formula below. A total of 32 test sam-
ples, four from each board, were used for the test.

Where  is density (g/cm3), m is air dry weight 
(g), a1 and a2 are sample width (mm), t is sample thick-
ness (mm).

2.2.2.3 	X-Ray Fluorescence Spectrometer
2.2.2.3. 	�Rendgenski fluorescentni 

spektrometar

The contents of DC and XM chemicals were de-
termined using an “Energy Dispersive X-ray Fluores-
cence Spectrometer” (Shimadzu EDX 8000, Japan). 
Our samples were placed in a sample cell (30 mm di-
ameter) with film on the bottom. The amount of sub-
stance in the sample was measured by sending X-rays 
on it. The measurements were automatically trans-
ferred to the computer screen connected to the device. 
XRF (Setaş Kimya AŞ.) measurement process was 
done in the laboratory.

2.2.3 	 Statistical analysis
2.2.3. 	 Statistička analiza

To determine the effects of the added chemicals, 
the dimensional stability test of the fiberboards was 
carried out with SPSS 22.0 software (version 29.0.0.0) 
by using the One Way ANOVA test at 95 % confidence 
interval. The mean and standard deviation values of 
each group were calculated, and significant differences 
between the groups were determined by Duncon ho-
mogeneity test.

3 	 RESULTS AND DISCUSSION
3.	 REZULTATI I RASPRAVA

3.1 	 Changes in board dimensions
3.1. 	Promjene dimenzija ploča
3.1.1	 Changes in thickness
3.1.1.	 Promjene debljine ploča

In Table 1, swelling-shrinkage values in the thick-
ness direction of the boards are given depending on the 
chemical substance concentrations used in the study.

Figures 1A and 1B show the mean thickness 
(swelling/shrinkage) change values of the boards pro-
duced with the addition of DC and XM chemicals 
when the relative humidity was increased from 65 % to 
85 % and decreased from 65 % to 30 %. In both graphs, 
decrease in swelling/ shrinkage values of the boards in 
the thickness direction compared to the control board 
was observed depending on the chemical ratio added. 
As the addition amount of DC and XM chemicals in-
creased, the changes in the thickness direction (swell-
ing and shrinkage) of the boards decreased compared 
to the control board, but this change was not directly 
proportional to the chemical addition rate. However, 
changes in the form of decrease and increase in board 
thickness were observed.

Among the boards produced by adding XM 
chemical, the lowest increase in thickness was obtained 
in the board in which XM was used at a rate of 1 % 
(4.45 %). The lowest increase in thickness in the boards 
produced by adding DC chemical was determined in 
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the board produced by adding 1.5 % DC. When both 
chemicals were compared, it was observed that the 
lowest thickness increase (4.34 %) occurred in the 
board produced by using DC chemical at a rate of 1.5 
%. The fact that the swelling and shrinkage values in 

the thickness direction do not decrease regularly with 
the increase in the amount of chemical addition is at-
tributed to the chemical-fiber bond. In other words, the 
fact that the swelling and shrinkage values did not 
change regularly, although the amount of fiber used in 

Table 4 Swelling-shrinkage properties in terms of thickness direction of MDF boards
Tablica 4. Debljinsko bubrenje i utezanje MDF ploča

Dimensional stability / Dimenzijska stabilnost
% Cons.

DC
Density, g/cm3

Gustoća, g/cm3 δt(65,85) δt(65.30)
% Cons.

XM
Density, g/cm3

Gustoća, g/cm3 δt(65.85) δt(65,30)

0 762 5.14 (0.16)* c -2.45 (0.08) a 0 762 5.14 (0.16)*d -2.45 (0.08) a

0.5 760 5.16 (0.13) c -1.85 (0.13) c 0.5 764 4.58 (0.12) b -2.13 (0.14) b

- - - - 1 757 4.45 (0.39) a -1.94 (0.01) c

1.5 801 4.34 (0.39) a -1.67 (0.27)d 1.5 758 4.86 (0.41) c -2.06 (0.06) b

3 753 4.89 (0.31) b -2.32 (0.9) b 3 761 4.70 (0.06) b -1.93 (0.19) c

*Numbers in parentheses are standard deviations. The sample with 0 % concentration is the control board. Letters represent each homogenous 
subset analyzed with Duncan test.
*Brojevi u zagradama standardne su devijacije. Uzorak s 0 % koncentracije kontrolna je ploča. Slova predočuju svaki homogeni podskup 
analiziran Duncanovim testom.

	 (A)	 (B)
Figure 1 (A) Change in thickness of the boards produced with XM chemical, (swelling/shrinkage), (B) change in thickness 
of the boards produced with DC chemical (swelling/ shrinkage)
Slika 1. (A) Promjena debljine ploča proizvedenih s XM kemikalijom (bubrenje/utezanje), (B) promjena debljine ploča 
proizvedenih s DC kemikalijom (bubrenje/utezanje)
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the production of the boards was the same and the 
chemical amount added increased, was attributed to the 
fact that the number of bonds did not increase between 
chemical and fiber.

When the board density values were examined, 
the lowest change of thickness (swelling-shrinkage) 
was observed in the board with the highest density 
value (board produced by adding 1.5 % DC). It is 
known that as the board density value increases, the 
change in the dimensions of the boards increases when 
the boards receive water and moisture (Akbulut and 
Ayrılmış, 2008). However, in our study, the lowest 
swelling and shrinkage amount was determined in the 
thickness direction of the board produced with 1.5 % 
DC chemical, which is high board density (at relative 
humidity change). As the board density increased, 
more fiber-chemical bonds were formed, and because 
of this, less swelling occurred in the thickness direction 
of the board.  When the test boards were compared 
with the control board, it was determined that there was 
a 13.42 % (calculated based on the swelling value of 
control board) decrease in the thickness value of the 
board to which 1 % XM was added and a 15.56 % (cal-
culated based on the swelling value of control board) 
decrease in the thickness value of the board to which 
1.5 % DC was added. When this comparison was made 
in terms of shrinkage, a 21.22 % (calculated based on 
the shrinkage value of control board) decrease was ob-
tained in the board to which 3 % XM was added, and a 
decrease of 31.83 % (calculated based on to the shrink-
age value of control board) in the board to which 1.5 % 
DC was added. In the boards to which DC and XM 
chemicals were added, less contraction (shrinkage) 
was obtained in the thickness direction. 

Reducing the water absorption and swelling rates 
of the boards depends on the formation of strong bonds 
by the free -OH groups in the fiber and the fact that 
these bonds are not broken. It has been stated in studies 
that such strong fiber bonds can be achieved with 
cross-linking chemicals (Mamiński et al., 2020; De 
Vetter, 2009). The reactive silane groups in the content 
of silicon-based chemicals bond with the hydroxyl 
groups of the fiber, and although the hydrogen bonds 
formed are sensitive to hydrolysis, they turn into cova-
lent bonds by heat (Xie et al., 2010). These covalent 
bonds are stable bonds. Although there are functional 
organic and alkoxy groups in the silane-containing 
chemical, these groups provide adhesion between the 
fiber and the polymer matrix (Goyal, 2006). Organic 
groups interact with the polymer, while silanol groups 
improve the interfacial properties by creating covalent 
bonds on the inorganic surface (Nurazzi et al., 2021). 
In addition, alkoxy groups react with the hydroxyl 
groups of the fiber under humidity conditions and form 
silanols (Agrawal et al., 2000). While the hydroxyl 

groups of the fiber and the reactive silane groups bond 
together, the free silanols form a stable Si-O-Si bond 
by bonding with each other. These bonds form solid 
polysiloxane structures because of condensation reac-
tion occurring with the effect of heat on the fiber sur-
face. These polysiloxane layers prevent the water ab-
sorption of the fibers close to the surface, which 
reduces the likelihood of bonding with the hydroxyl 
groups of the fiber. The presence of these polysiloxane 
layers explains the reduction of thickness (swelling-
shrinkage) of the boards produced.

In the study, it was determined that the increase 
in thickness of the produced boards was greater than 
the decrease in thickness (well-known hysteresis phe-
nomenon). The bond established between chemical-fi-
ber, chemical-glue and fiber-glue is broken if the mois-
ture value of the board is increased or decreased. If the 
broken bonds are re-established (bond formed between 
fiber and moisture) bonds with the moisture taken by 
the board, it will cause differences in board thickness. 
The increase in the thickness of boards has been attrib-
uted to the relaxation of the compressive stresses in the 
board, the hygroscopic swelling of the fibers, and the 
deterioration of the bond between fibers. In this con-
text, it is expected that the decrease in the thickness of 
the boards will be less than the increase in the thick-
ness. (Ayrılmış and Mater, 2007). Rather than the hy-
groscopic nature of the boards, this event is due to the 
deterioration of the compression caused by the press 
pressure during the board production. When the boards 
absorb or desorb moisture, their thickness changes 
with the broken bonds. If the boards desorb moisture 
again after absorbing it, they cannot reach their origi-
nal dimensions. If the board gets moisture, new bonds 
formed between moisture with fiber, glue and chemical 
affect the board thickness. The fact that the free -OH 
groups of the fiber form bonds with water causes the 
board to swell. These bonds will affect the thickness of 
the board, but the board will not reach its original state. 
It is thought that the same has occurred in the boards 
produced in the study.

3.1.2 	 Changes in length
3.1.2. 	 Promjene duljine ploča

In Table 5, extension-shrinkage values in the 
length direction of the boards are shown based on the 
chemical substance concentrations used in the study.

Figures 2A and 2B show the average length (ex-
tension/shrinkage) change values that occurred when the 
relative humidity value of the boards produced with the 
addition of DC and XM chemicals at different rates 
changes (65 % - 85 % or 65 % - 30 %). It was observed 
that, as the relative humidity increased, an elongation 
occurred in the length direction of boards produced with 
DC and XM compared to the control board. It was deter-
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mined that the shrinkages in the length direction of the 
boards when the relative humidity decreased were less 
compared to the control group board. The lowest length 
shrinkage was observed in the board sample to which 
the XM chemical was added at a rate of 3 %.

The graph shows that the change in the density 
values of the boards produced using XM chemical is 

lower than the change in density values of the boards 
produced using DC. In the case of the decrease in the 
relative humidity, the lowest shrinkage value (-1.93 
mm/m) was determined on the board produced with 3 
% XM addition. On the other hand, in the case of the 
decrease in the relative humidity in the boards pro-
duced with DC addition, the shrinkage in the longitudi-

Table 5 Extension-shrinkage properties in length direction of MDF boards
Tablica 5. Produljenje i skupljanje MDF ploča po duljini

Dimensional stability / Dimenzijska stabilnost
% Cons.

DC
Density, g/cm3

Gustoća, g/cm3 δt(65,85) δt(65.30)
% Cons.

XM
Density, g/cm3

Gustoća, g/cm3 δt(65.85) δt(65,30)

0 762 1.79 (0.12)*a -2.92 (0.04)a 0 762 1.79 (0.12)a -2.92 (0.04)a

0.5 760 2.43 (0.11) b -2.69 (0.05)b 0.5 764 2.41 (0.02)c -2.72 (0.09)b

- - - - 1 757 2.52 (0.01)d -2.59 (0.04)d

1.5 801 2.39 (0.19)b -2.56 (0.02)c 1.5 758 2.19 (0.09)b -2.69 (0.09)b

3 753 2.42 (0.19)b -2.55 (0.01)c 3 761 2.26 (0.04)b -1.93 (0.07)c

*Numbers in parentheses are standard deviations. The sample with 0 % concentration is the control board. Letters represent each homogenous 
subset analyzed with Duncan test.
*Brojevi u zagradama standardne su devijacije. Uzorak s 0 % koncentracije kontrolna je ploča. Slova predočuju svaki homogeni podskup 
analiziran Duncanovim testom.

	 (A)	 (B)
Figure 2 (A) Change in length of the boards produced with XM chemical (extension/shrinkage), (B) change in length of the boards produced 
with DC chemical (extension/shrinkage)
Slika 2. (A) Promjena duljine ploča proizvedenih s XM kemikalijom (produljenje/utezanje), (B) promjena duljine ploča proizvedenih s DC 
kemikalijom (produljenje/utezanje)
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nal direction decreased, and the lowest value was de-
termined in the board produced with the 3 % DC 
addition (-2.55 mm/m). 

The reason why the change in the direction of 
length is high in the boards produced with DC and XM 
chemicals is that, when the board absorbs moisture from 
the surface, the other Si-OR bonds, formed next to the 
Si-OH bond groups created by free OH groups and si-
lanols in the fiber, easily hydrolyzed by moisture (Buyl, 
2007). Based on this, it can be said that the bonds dete-
riorating in the presence of moisture cause the stress in 
the board to relax and increase the distance between the 
fibers in the length direction, and this is also effective in 
the length extension of the board sample.

According to Özen (1975), the work of the boards 
(desorption- absorption of water) in the longitudinal 
direction is the opposite of the work in the thickness 
direction. If the board loses moisture, the length change 
in the longitudinal direction is high. The boards absorb 
moisture at high relative humidity; however, they do 
not release all the moisture they take in when the hu-
midity drops, while more shrinkage is seen on them. 
This has been attributed to the hysteresis of the boards 
(Ganev, 2002; Ganev et al., 2005). Although the exten-
sion in the length direction does not directly reflect the 
free expansion of the individual particles, it is a value 
that occurs depending on the fiber orientation and the 
degree of limitation of the bound expansion based on 
the direction of expansion of individual particles (Xu 
and Suchsland, 1996). In the board production per-
formed under laboratory conditions, it is not possible 
to ensure homogeneous and regular distribution of fi-
bers. In this case, the change in the dimensions of the 
board with the change in humidity and density is ex-
pected. This situation was also observed in the boards 
produced in this study.

Although silicones are chemicals that provide 
hydrophobic properties, diffusion of gases into sili-
cones occurs due to their high free volume and solubil-
ity. Silicone surfaces cannot be wetted with water, but 
they cannot prevent the transition of oxygen and nitro-
gen (Colas, 2005). Based on the results obtained, it can 
be said that the cross-links formed because of the 
bonding of silane groups in silicone-based chemicals 
with the free OH groups of the fiber are effective on the 
less moisture absorption of the boards and less expan-
sion and contraction in their dimensions.

It was determined that the changes in the thick-
ness and length direction of the boards were not at the 
same rate when the boards produced with XM and DC 
chemicals were exposed to same climate conditions. 
This difference can be explained by the fact that both 
chemicals have different properties. DC chemical is a 
white colored liquid emulsified resin containing 40 % 
active silane, while XM chemical is an oily, transpar-

ent-colored and intense chemical containing 
polydimethylsiloxane groups. It was thought that the 
fact that the DC chemical was liquid causes it to reach 
the fiber and to obtain more bonding opportunities. 
XM chemical, on the other hand, was thought to form 
polysiloxane layers on the fiber surface due to its dense 
and oily chemical structure (Xie et al., 2010). There 
was no regular (systematic) change in the change val-
ues in the thickness (swelling-shrinkage) and length 
(extension-shrinkage) directions when the boards ab-
sorbed or lost moisture due to the increase in the DC 
and XM chemical substance ratios. It was observed 
that there were increases and decreases in the change 
values (swelling-shortening or extension-shortening) 
of the boards depending on the additional chemical ra-
tios. This situation suggested that the silanes in the 
chemicals could not bond with all the –OH groups of 
the fiber and that at the same time, a bond was formed 
between fiber-fiber and fiber-glue. In addition, it was 
concluded that the increase in the amount of chemical 
substance added without changing the fiber amount did 
not increase the number of silane-fiber bonds. It is 
thought that the amount of silane that cannot bond with 
the increase in the amount of chemical substance may 
increase, and these silanes may remain clustered on the 
surface of the fiber or on the cell wall (Xie et al., 2010). 
In addition, it is seen that the –Si contents of both 
chemicals are different when the contents of DC and 
XM chemicals are examined (Table 1 and Table 2). In 
the study, it was observed that the –Si ratio in the DC 
chemical was lower than the –Si ratio in the XM chem-
ical. The high amount of –Si in the chemical added at 
the same rate was interpreted as the fact that the num-
ber of bonds formed with the –OH groups of the fiber 
could be different. In this case, it was expected that the 
changes in the dimensions of the boards against humid-
ity would be different and the results were obtained as 
expected. In addition, it was shown that the high plastic 
content of both chemicals was effective on boards to 
gain moisture resistance. The results revealed that the 
minimum change values were in the dimensions of 
boards produced with 1.5 % DC and 1 % - 1.5 % XM.

4 	 CONCLUSIONS
4. 	ZAKLJUČAK

In this study, the dimensional changes in the 
thickness (swelling/shrinkage) and length (extension/
shrinkage) directions of the medium-density fiber 
boards produced with the mixture of Muf glue and two 
different silicon-based chemicals in different ratios 
were investigated and compared to the control board.

The results of the study are summarized below:
When the relative humidity of the environment, 

where the produced board samples were located, were 
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increased from 65 % to 85 %, a slight decrease in 
swelling values in the thickness direction was observed 
compared to the control board (silicone was not add-
ed). On the other hand, it was determined that the 
shrinkage values of the boards decreased in the thick-
ness direction when the relative humidity of the envi-
ronment, where the boards were located, was reduced 
from 65 % to 30 %.

It was observed that, when the relative humidity of 
the environment increased for the board samples pro-
duced with DC and XM, the length extension occurred 
in them (65 % - 85 %). The extension values in the 
length direction of the board samples produced with the 
addition of DC at different rates were similar to each 
other. The lowest extension value in the length direction 
was determined in the board produced with 1.5 % XM. 
The study revealed that the shrinkage values in the 
length direction decreased when the relative humidity of 
the environment decreased (65 % - 30 %) in all board 
samples produced. When the effect of XM and DC 
chemicals on the board length extension-shrinkage was 
compared, it was found that the length shrinkage of the 
boards produced with XM (3 %) was less pronounced.
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