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ABSTRACT
This study is aimed at investigating the effects of some production parameters on the layer 

thickness swell (LTS) properties of the medium density fibreboard (MDF). The MDF panels 
used in this study were manufactured using continuous press technology. A total of eighteen 
MDF panels, with three repetitions for each: resin content (RC), mat moisture content (MC), 
and continuous press speed (CPS), were produced. The vertical density profile (VDP), thickness 
swell (TS), and LTS tests were performed in the present study. The results obtained in this study 
indicate that VDP was affected by mat MC and CPS. In addition, it was found that the VDP has 
some effects on the TS and LTS values of the panels. The findings obtained in this study indicate 
that it is important to understand the influences of RC, MC, and CPS on the LTS properties 
of the MDF panels for optimizing the structure in the development of new wood composite 
products as well as improving the production process.

KEYWORDS: Layer thickness swell, vertical density profile, wood composites, medium density 
fibreboard, continuous press speed, moisture content.
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INTRODUCTION

Medium density fibreboard (MDF) panels are commonly used in the manufacture of 
molding, laminated flooring, and overlaid panels for the furniture industry. MDF is one of the 
most rapidly growing wood composite products in the industry. A key product attribute of MDF 
is its density profile through the panel thickness (Wang et al. 2004). Several press technologies 
are used for commercial purposes in MDF and in other wood composite manufacture, such as 
the batch technology and the continuous press technology. The continuous press technology has 
become considerably popular during the last few years. Panel manufacturers all over the world 
prefer this technology owing to its higher production capacity and efficiency in comparison to the 
other technologies. In Turkey, thirteen continuous MDF press lines are available and the capacity 
is rapidly increasing (Candan 2007).

Dimensional stability characteristics are of a great importance for wood composite panels 
which were previously studied by Wu and Suchsland (1996), Velasquez et al. (2003), Brochmann 
et al. (2004), Garcia et al. (2005), Zisi et al. (2005), Del Menezzi and Tomaselli (2006), Medved 
et al. (2006), Dieste et al. (2008), Halvarsson et al. (2008), Del Menezzi et al. (2009), Dundar et 
al. (2009), Candan et al. (2011), Filho et al. (2011).

Vertical density profil (VDP) which is one of the most important panel characteristics 
is described as the density variation in the direction of thickness in wood-based composites. 
Typically, VDP shows higher surface layer density and lower core layer density. The density 
gradient is affected by the combined influences of pressure, moisture content, temperature, 
resin curing, and other factors during pressing and in turn affects the physical and mechanical 
properties of the wood composites (Strickler 1959, Kamke and Casey 1988, Wang and Winistorfer 
2000a). Further, the formation of VDP in wood composites is also affected by wood species and 
their mixtures, mat moisture content (MC), press closing speed, continuous press speed, and 
continuous press pressure (Suzuki and Miyamoto 1998, Wong et al. 1998, Wang et al. 2001a, b, 
Candan 2007, Candan et al. 2007, Candan 2009).

The thickness swelling of wood composites can be calculated from a single overall caliper 
measurement of panel thickness. Therefore, the use of an optical technique makes it possible to 
determine the influences of individual layers on the total thickness swell percentage for various 
water exposure periods (Wang and Winistorfer 2002, 2003). The layer thickness swell (LTS) 
within the sample is important for understanding the phenomena of wood composites. Also, it is 
important to understand the effects of the production parameters on the LTS for optimizing the 
structure in the development of new products as well as improving the manufacturing process. 
One of the key variables in understanding LTS is the recognition of the density profile of wood 
composites (Wang and Winistorfer 2003).

Wang and Winistofer (2000b) examined the influence of wood species and mat structure on 
the LTS of OSB. In their study, they used aspen and pine for panel manufacture and reported 
that the wood species and the species combinations in the mat had an effect on the LTS values 
of the panels. Houts et al. (2003) produced flakeboard panels from acetylated wood strands 
and evaluated the contribution of treated layers on the thickness swell of the panels by LTS 
measurements. Gu et al. (2005) studied the influence of wood species, resin type, and VDP on 
the thickness swell and the LTS of OSB, while Wang et al. (2001b) investigated the effect of 
the step-closure schedule on the LTS of MDF panels. Wang et al. (2003) determined the effects 
of wood species, strand geometry, strand orientation, and VDP on the LTS, modulus elasticity, 
modulus of rupture, and internal bond of OSB.

It should be mentioned that there is limited data available in the literature regarding the LTS 
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of the panels manufactured by continuous press technology. Thus, the present study is aimed at 
determining the effects of manufacturing parameters such as resin content (RC), mat moisture 
content (MC), and continuous press speed (CPS) on the LTS properties of the MDF panels. It 
has been proposed that this information regarding the influence of the manufacturing parameters 
on the LTS characteristics of the MDF panels produced by an industrial continuous press-line 
would assist in decreasing the thickness swell by means of layer property altering.

MATERIAL AND METHODS

Materials
In this study, beech (Fagus orientalis) and birch (Betula pendula) wood species were used for 

panel production. The mixing ratio was 70 % beech + 30 % birch wood. Urea formaldehyde resin 
with solid contents of 65 % and NH4Cl hardener was used.

Methods
Panel manufacturing

The MDF panels used in this study were manufactured using Siempelkamp® Continuous 
Press at Kastamonu Integrated Wood Industry and Trade Inc. located in Kocaeli, Turkey. The 
experimental design of the panels is shown in Tab. 1.

Tab. 1: Experimental design of the panels.

Panel groups Resin content 

(%)

Mat moisture 
content 

(%)

Continuous 
press peed 
(m.min-1)

L 11.5 - -
M 12.5 - -
S - 8 -
R - 10.5 -
V - - 6.9
U - - 7.4

A total of eighteen MDF panels, with three repetitions for each RC, MC, and CPS levels, 
were produced. The other production parameters of the panels such as wood species, resin type, 
and press temperature were held constant. The general production parameters were as follows:

•	 Asplund	defibrator	was	used	for	fibre	preparation
•	 Steam	pressure	of	7.5	bar,	temperature	of	160°C,	and	time	of	4	–	5	minutes
•	 Levels	of	wax	and	hardener	loading	of	1	%	and	0.8	%,	respectively
•	 Press	temperature	of	220°C
•	 All	panels	were	sanded	with	a	sequence	of	60,	120,	and	150	grit	size
•	 Target	board	density	of	0.75	g.cm-3

•	 Dimensions	of	the	panels	were	2100	mm	by	3600	mm	by	18	mm
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Testing procedure- Vertical density profile (VDP)
The experimental MDF panels were cut into test specimens. All specimens were conditioned 

in	a	climate	controlled	chamber	with	a	relative	humidity	of	65	%	and	a	temperature	of	20°C	until	
they reached equilibrium moisture content, prior to the VDP test. Nine samples with dimensions 
of 50 by 50 mm were prepared for the VDP test. A commercial X-Ray Density Profiler (GreCon, 
Germany) was used for measuring the VDP of the specimens.

Thickness Swell (TS) and Layer Thickness Swell (LTS)
Six samples with dimensions of 152 by 152 mm were prepared for the layer thickness 

swell (LTS) and thickness swell (TS) tests. The LTS was measured for each sample after 2-, 
8-,	and	24-	hours	of	water	exposure	at	a	water	temperature	of	20°	±	1°C.	According	to	ASTM	 
D 1037-06a (2006), TS tests were performed for 2 h and 24 h water soaking time. An optical 
technique was used for determining the TS of 12 discrete layers within the intact samples from 
each test specimen. LTS tests were carried out using the QLTS Testing System located in the 
Center for Renewable Carbon in the University of Tennessee, TN, USA.

RESULTS AND DISCUSSION

The thickness swell values of the MDF panels after 2 h and 24 h of water soaking time are 
shown in Tab. 2.

Tab. 2: Thickness swell results of the panels.

Panel 
Groups

2 h TS 
(%)

24 h TS 
(%)

L 0.818 4.935
M 0.663 4.419
S 1.017 6.032
R 0.85 5.504
V 1.157 5.979
U 0.985 5.902

The results indicate that both 2 h and 24 h TS values of the MDF panels decreased as the 
resin content increased, the mat moisture content increased, and the continuous press speed 
increased. This might be owing to the formation of the VDPs of the MDF panels. The VDPs of 
the panels are shown in Fig. 1. The VDPs were found to be affected by the production parameters.

The density profiles for the M and R panels indicate steep density profiles (higher face 
layer density). The narrow density peaks of the surface layers are located very close to the panel 
surface. It was expected that panel M would have better TS properties when compared to panel 
L because of the higher RC of M panels. On the other hand, panel R had a steep density profile 
when compared to panel S. This increase in the face layer density might be owing to the higher 
MC level of panel R. Wong et al. (1998) examined the effects of mat MC and press closing speed 
on the formation of the density profile in particleboard, and reported that higher slimmer density 
peaks near the surface layers occurred with increasing MC of the surface layers in the mat.
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a)                                                         b)

   
c)                                                          d)

 

  
e)                                                         f)

Fig. 1: Vertical density profiles of the MDF panels.

Wang et al. (2001a, b) studied the VDP of the MDF panels affected by press closing 
schedule, and stated that pressing schedule affects the density gradient of the final panels. Wong 
et al. (2000) studied the effects of mat moisture content distribution, press closing speed, and hot 
pressing, on the VDP and their effects on the properties of fibreboards, and reported that the 
peak density in VDP of the fibreboard was affected by variations in the hot pressing method and 
the mat moisture content. They also stated that the peak density located in the surface layers of 
the fibreboard panels increased with increasing mat MC, and the fibreboards with homogenous 
VDP showed higher thickness swelling and water absorption values as compared to those of 
conventional fibreboards.
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The development of average actual LTS in relation to the water soak time and layer location 
for panel V and panel U is shown in Fig. 2.

Fig. 2: LTS on individual layer of the panel V and panel.
 

It can be seen that LTS through the panel thickness increased with an increase in the water 
soak period. The maximum thickness swell was achieved after 24 hours of water exposure. There 
were large differences in the thickness swell results of the surface layers and the core layers of the 
V and U panel groups. The outside first layers (layer numbers 1-2 and 11-12) appeared to swell 
considerably more than the sub-layers 3 and 10. This was owing to the fact that the density peaks 
were located on the surface layers (Fig. 1e, 1f). The thickness swell curves were quite smooth.

The mean actual LTS on the individual layer of panel S and panel R in relation to the water 
soak time is shown in Fig. 3. 

Fig. 3: LTS on individual layer of the panel S and panel.

The highest TS value was obtained after 24 hours of water soaking. Further, large differences 
in TS values were determined for the surface layers and the core layers of panel S and panel R. It 
was seen that layers 1-2 and 11-12 had higher TS values than those of layer 3 and layer 10. These 
results might be owing to the peak density that existed on the face and bottom layers of the panels, 
as shown in Fig. 1c and 1d, respectively. The LTS graphs of panel S and panel R were smooth.

The average LTS on the individual layer of panel L and panel M in relation to the water soak 
time and layer location is shown in Fig. 4.

It can be seen that the LTS curves of panels L and M had a smooth structure. The LTS 
of panels L and M increased with an increase in water exposure. The greatest TS values of the 
panels were determined for 24 hour water soak time. It was seen that panels L and M had large 
variations in the TS values of the surface layers and the core layers. The TS values of layers 1-2 
and 11-12 were greater than those of the sub-layers. This result might be owing to an existing 
peak density on the first outer layers in the panels. The VDPs of panels L and M are illustrated 
in Fig. 1a and 1b, respectively.
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Fig. 4: LTS on individual layer of the panel L and panel M.

It can be seen in Figs. 2, 3, and 4, that in most of the LTS curves, layer 1 on the top face 
of the panel surface showed the highest TS value after 2, 8, and 24 hours water soaking. It can 
also be seen in the figures that layer 11 showed the greatest TS value on the bottom face of the 
panel surface.

A comparison of percentage LTS of face layers and core layers relative to the total TS is 
shown in Tabs. 3, 4, and 5. There were 12 discrete layers for the MDF panels. The top face layers 
included	layers	1	–	3;	the	core	layers	included	layers	4	–	9;	and	the	bottom	face	layers	included	
layers	10	–	12.

The percent contributions of the face layer and core layer TS to the total TS when compared 
by the resin content in the panels are shown in Tab. 3.

Tab. 3: Percent contributions of face layer and core layer thickness swell to total thickness swell compared 
by the resin content in the panels.

Panels groups Top face
(layers 1-3)

Core
(layers 4-9)

Bottom face 
(layers 10-12)

2 hour water soak (%)
L 41.89 20.91 37.20
M 37.54 22.55 39.91

8 hour water soak (%)
L 36.76 29.26 33.98
M 32.40 32.57 35.03

24 hour water soak (%)
L 31.26 39.40 29.34
M 28.39 42.25 29.36

It can be seen that the surface layer and core layer contributions to the total TS of the MDF 
panels were not the same. Subsequent to 2, 8, and 24 hours of water exposure, panel L exhibited 
top face layer TS higher than the bottom face layer. There were large differences between the 
percent contributions of the face and core TS to the total TS for panels L and M. The TS values 
of the top face of panels L and M were 41.9 and 37.5 %, respectively, which were 2 and 1.66 times 
those of the core TS values after 2 hour water exposure. The results obtained in the present study 
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indicated that 79.1 and 77.5 percent of the total TS occurred mainly in the high density surface 
regions during the early stages of the water exposure in panels L and M. Subsequent to 24 hour 
water exposure, 60.6 and 57.8 % of total TS occurred in the high density surface regions of panels 
L and M. It was also determined that the contributions of the high density surface layers to the 
total TS decreased when the water soak time was increased from 2 hours to 24 hours. However, 
the contributions of the low density core layers to the total TS increased when increasing the 
water soak time from 2 hours to 24 hours in panels L and M.

The percent contributions of the face and core layer to the total TS when compared by the 
mat moisture content in the panels are given in Tab. 4. 

Tab. 4: Percent contributions of face layer and core layer thickness swell to total thickness swell compared 
by the mat moisture content in the panels.

Panels groups Top face
(layers 1-3)

Core
(layers 4-9)

Bottom face
(layers 10-12)

2 hour water soak (%)
S 42.27 18.08 39.64
R 43.87 16.20 39.93

8 hour water soak (%)
S 35.79 30.42 33.79
R 36.33 29.78 33.89

24 hour water soak (%)
S 30.40 40.15 29.44
R 30.76 38.62 30.63

It can be seen that the contributions of the surface and core layers to the total TS of panels S 
and R were not equal. Subsequent to 2, 8, and 24 hours of water soaking, panels S and R showed 
that the TS values of the top face layer were higher than that of the bottom face layer. A large 
difference was obtained between the percent contributions of the face and core layers to the total 
TS in panels S and R. The TS values of the top face layers in panels S and R were 42.3 and  
43.9 %, respectively, which were 2.33 and 2.70 times those of the TS values of the core layers after 
2 hours of water soaking time. The findings determined in the present study also indicated that 
81.9 and 83.8 % of the total TS existed in the high density surface layers during 2 hours of water 
exposure in panels S and R.

In addition, it was observed that even after 24 hours water soaking period, 59.8 and 61.4 % of 
the total TS existed in the high density surface layers of panels S and R. The percent contributions 
of the surface layers to the total TS decreased as the water soaking time increased through 2 to 
24 hours while the contributions of the core layers to the total TS increased as the water soaking 
time increased in panels L and M.

The percent contributions of face and core TS to the total TS when compared by the 
continuous press speed are shown in Tab. 5. It can be seen in Tab. 5 that the contributions of the 
surface and core layer TS to the total TS were not equal. The TS values of the top face region 
were greater than those of the bottom face region in panels V and U after 2, 8, and 24 hours of 
water soaking time. Further, it was observed that the contributions of the face and core layers to 
the total TS in panels V and U were significantly different. The TS values of the top face layers 
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in panels V and U were 45.7 and 45.3 %, respectively, which were 2.60 and 3.26 times higher than 
those of the TS values of the core layers after 2 hours of water exposure. The high density surface 
layers contributed 82.4 and 86.1 % of the total TS that occurred after 2 hours of water soaking in 
panels V and U, respectively. About 59.7 and 59.4 % of the total TS existed after 24 hours water 
soaking in the surface layers of panels V and U, respectively. It was also found that the percent 
contributions of the surface layers to the total TS decreased when increasing the water soaking 
time from 2 to 24 hours whereas the contributions of the core layers to the total TS increased 
when increasing the water soaking time for panels V and U.

Tab. 5: Percent contributions of face layer and core layer thickness swell to total thickness swell compared 
by the continuous press speed.

Panels groups Top face
(layers 1-3)

Core
(layers 4-9)

Bottom face
(layers 10-12)

2 hour water soak (%)
V 45.73 17.58 36.69
U 45.34 13.88 40.78

8 hour water soak (%)
V 37.99 27.83 34.18
U 37.49 27.32 35.19

24 hour water soak (%)
V 30.36 40.35 29.30
U 29.95 40.62 29.43

The results obtained in the present study are found to be in agreement with the results of the 
previous studies. Wang et al. (2003) examined the LTS properties of oriented strandboard panels, 
and reported that the LTS increased when increasing the water exposure period and that there 
were large differences in thickness swell values between the surface and core layers. In addition, 
they reported that 76.5 % of the TS existed in the high density surface layers after 2 hours water 
soaking. Similar results were obtained by Gu et al. (2005) when examining the effects of wood 
species, resin type, and VDP on the total TS and LTS in commercial OSB flooring products. The 
results obtained by Wang et al. (2001b) are also comparable to the results obtained in this study.

CONCLUSIONS

VDP is affected by the production parameters, and it has some effects on the thickness 
swell characteristics of the MDF panels. It was observed that the two density peaks on the VDP 
resulted in two peaks on the LTS curve. Further, both 2 h and 24 h TS values of the panels 
decreased as the resin content increased, as the mat moisture content increased, and as the 
continuous press speed increased.

Large differences were determined in the TS values of the surface layers and the core layers 
of the panels. The first layers in both surfaces showed greater TS values than those of the sub-
layers. Also, the contributions of the surface and core layer TS to the total TS were not equal. The 
high density surface layers contributed 82.4 and 86.1 % of the total TS that occurred after 2 hours 
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water soaking in panels V and U, respectively. The greater TS values in the surface layers of the 
panels suggest that efforts to enhance the dimensional stability of the MDF panels should be 
focused on stabilizing the high density surface layers. The percent contributions of the surface 
layers to the total TS decreased as the water soaking time was increased from 2 to 24 hours, while 
the contributions of the core layers increased for all panels.

It was found that enhanced thickness swelling properties could alter the performance of 
current wood composite panel products in a wide range of applications. The findings obtained 
in the present study also indicate that it is important to understand the influences of RC, MC, 
and CPS on the LTS characteristics of the MDF panels for optimizing the structure in the 
development of new wood composite products as well as improving the production process. Thus, 
RC, MC, and CPS could be efficiently used by panel manufacturers to obtain the desired panel 
performance.
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