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Introduction

Medium density fiberboard (MDF) is one of the most 
commonly used wood-based panels in furniture indus-
try. Finishing coat of MDF is mainly dependent upon the 
properties of the raw materials, such as wood species, 
fiber characteristics, and manufacturing parameters. For 
the direct painting or adhesive application, the surfaces 
of MDF have to be smooth, stable, and low absorbent. In 
the coating technology, only surface layer of the MDF is 
coated with the water- or solvent-based paints. Similarly, 
UV-cured powder coating technology is a rapidly growing 
segment of the coatings industry and MDF industry.

The performance of the direct painting, powder coat-
ing, or adhesive application is directly related to the surface 
wettability of the MDF panel [1]. Wettability is defined as a 
surface condition that determines the degree of wetting and 
spreading a liquid on the surface, respectively its repellency 
and non-spread on the surface [2, 3]. Wettability is crucial 
for effective adhesion in wood bonding and important to 
determine the adhesive and coating properties of wood and 
wood-based composite surfaces [3–5]. The wettability of 
the material surfaces can be measured using contact angle 
method, which is commonly used to determine surface 
characteristics of wood and wood-based composites.

The defibration process is one of the significant param-
eters in the production of dry-processed fiberboard. The 
parameters of the digester conditions, such as press temper-
ature, time, pressure, and defibrator disc distance, signifi-
cantly affect the wood fiber properties [6–8]. In the MDF 
manufacture, digesting and refining conditions play impor-
tant function to produce fibers of target quality. These man-
ufacturing conditions affect the physical and mechanical 
properties of the MDF panel. In a previous study, Benthien 
et al. [7] reported that digester and defibration conditions, 
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as well as raw material properties affect wood fiber charac-
teristics and thereby the physical and mechanical properties 
of MDF. It was concluded that wood species, digester con-
ditions, and grinding disc distance are the most influential 
parameters on the fiber quality.

Although the effect of digester conditions, defibrator 
disc distance, and tree species on the dimensional stability 
and mechanical properties of MDF used in this study has 
been investigated by Benthien et al. [6], the wettability of 
the MDF panels has not determined. Based on the exten-
sive literature search, there has not been any research on the 
effect of digester conditions and defibrator disc distance on 
the wettability of MDF. In this study, the effect of digester 
conditions, defibrator disc distance, and wood species on 
the wettability of MDF was investigated.

Materials and methods

Wood fibers

Four wood species, scots pine (Pinus sylvestris), beech 
(Fagus sylvatica), birch (Betula spp.), and poplar (Popu-
lous spp.), as well as a pine-beech-mixture (50/50 wt), were 
used in the production of MDF panels. The wood fibers 
were produced applying the laboratory refiner of the Insti-
tut für Holztechnologie Dresden GmbH (IHD) (Dresden, 
Germany), without adding any additives or resin in the 
flash tube dryer (blow-line).

Three series of wood fibers were produced in the experi-
ments. In the first series, the wood fibers were produced 
from different wood species. In the second series, the wood 
fibers were produced at different digester conditions. In 
the third series, the wood fibers were produced at different 
defibrator disc distances. Typical images of fibers produced 
from scots pine fibers produced at different defibrator disc 
distances are presented in Fig. 1. The experimental design 
is given in Table 1.

Resin

Liquid urea–formaldehyde (UF) resin (Kaurit 350, BASF, 
Ludwigshafen, Germany) was used as an adhesive in the 
manufacture of experimental MDF panels. Ammonium 
nitrate (NH4NO3) solution with 40% solid content was used 
as a hardener for the UF resin.

Preparation of MDF panels

The UF resin content was 12  wt% based on dry fiber 
mass and 1  wt% of hardener solid based on the resin 
solid content was added into the resin. The wood fibers 
were put into the rotary drum blender equipped with an 

air-atomizing spray system and then glued with the UF 
resin. According to target density of the MDF panel, fib-
ers were weighed and formed into mats on an aluminum 
caul plate using a 500 × 500 mm forming box. A second 
such plate was laid on the top while both were covered 
with siliconized paper to prevent adherence between 
panel and plates. After cold pre-pressing at a specific 
pressure of 16 N/cm2 for approximately 10 min, the mats 
were transferred to a computer-controlled hot press, oper-
ated in plate position control mode. Hot pressing tem-
perature, maximal specific pressure, and press time fac-
tor were 190 °C, 716 N/cm2, and 12 s/mm (totally 192 s), 
respectively. Target panel thickness and density were 
16 mm and 650 kg/m3, respectively. Three replicate pan-
els were produced from each fiber type. Prior to specimen 
cutting, the panels were allowed to cool and edges were 
trimmed. The MDF specimens without sanding were con-
ditioned in a climatic camber having 20 °C and 65% rela-
tive humidity for 2 weeks before testing.

Fig. 1   Typical images of the fibers produced at the defibrator disc 
distances of 0.06 mm (B1), 0.15 mm (B2), and 0.60 mm (B3). [on the 
metric ruler, each individual line represents a millimeter (mm)]
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Determination of wettability

The wettability of the MDF specimens was measured by 
the contact angle method known as goniometer method. 
Contact angle measurements were performed using a CAM 
101 optical contact angle meter (KSV Instruments Ltd., 
Helsinki, Finland), equipped with a video camera, which 
collected one image per second. Using the sessile drop 
method, which is the most widely used procedure, the con-
tact angle was determined simply by aligning tangent with 
the sessile drop profile at the point of contact with the solid 
surface. An imaging system was used to measure contact 
angle and droplet shape for the tested surfaces of the sam-
ples. After the 5  µL droplet of distilled water was placed 
on the sample surface, contact angles from the images were 
measured at 1 s time intervals up to 30 s total. Ten speci-
mens with a size of 50 × 50 × 16 mm were taken from each 
panel for contact angle measurements. A total of 60 contact 
angle measurements, two measurements from each of 30 
specimens, were performed for each panel series given in 
Table 1.

Statistical analysis

An analysis of variance, ANOVA, was conducted (p < 0.05) 
to evaluate the effect of wood species, digester conditions, 
and defibrator disc distance on the wettability of the MDF 
panels. Significant differences between the average values 

of the MDF types were determined using Duncan’s multi-
ple range test.

Results and discussion

The wettability behaviour of the MDF panels is given in 
Table  2. Significant differences in the contact angle val-
ues of the MDF specimens are shown with different letters 
based on the statistical analysis results (Duncan’s multiple 
range test). The different letters in the same column given 
in Table  2 represent statistical differences at 95% confi-
dence level. In the first serious experiments, increasing 
severity of the digester conditions significantly improved 
the wettability (Table 2). For example, the 5 s contact angle 
value of the MDF specimens produced from the fibers at 
the digester condition of 143 °C/1 min/4 bar was found to 
be 93.7°, while it was found to be 75.9° for the digester 
condition of 200 °C/8 min/16 bar.

The contact angle of the wood fibers produced at low 
digestion conditions (MDF types A1 and A2) type was 
nearly 90°, indicating that water hardly wet the straw mate-
rial. This means that the raw material without treatment is 
more hydrophobic.

The contact angle less than 90° indicates that wetting 
of the surface is favorable, and the fluid will spread over a 
large area on the surface [9]. The MDF specimens produced 
from the fibers of the chips steamed at 143 °C/1 min/4 bar 
and 170 °C/1 min/8 bar had poor wettability, which had the 

Table 1   Experimental design

MDF medium density fiberboard
1  The samples having MDF codes of A3, B2, and C5 are the same specimens
2  A mixture of scots pine and beech (50/50 by weight)
3  The values in the parentheses are standard deviations

Experimental series MDF code Tree species Defibrator disc 
distance (mm)

Digesting conditions MDF density (kg/m3)

Digester conditions A1 Scots pine 0.15 143 °C/1 min/4 bar 678 (17)3

A2 Scots pine 0.15 170 °C/1 min/8 bar 666 (24)
A31 Scots pine 0.15 170 °C/4 min/8 bar 661 (22)
A4 Scots pine 0.15 170 °C/8 min/8 bar 684 (23)
A5 Scots pine 0.15 200 °C/4 min/8 bar 670 (25)
A6 Scots pine 0.15 200 °C/8 min/16 bar 687 (24)

Defibrator disc distance B1 Scots pine 0.06 170 °C/4 min/8 bar 653 (30)
B21 Scots pine 0.15 170 °C/4 min/8 bar 661 (22)
B3 Scots pine 0.60 170 °C/4 min/8 bar 681 (30)

Tree species C1 Beech 0.15 170 °C/4 min/8 bar 683 (26)
C22 Scots pine/beech 0.15 170 °C/4 min/8 bar 675 (22)
C3 Birch 0.15 170 °C/4 min/8 bar 665 (23)
C4 Poplar 0.15 170 °C/4 min/8 bar 659 (28)
C51 Scots pine 0.15 170 °C/4 min/8 bar 661 (22)
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contact angle values were higher than 90°. In a previous 
study, it was reported that the improvement in the wetta-
bility of the lignocellulosic fibers was probably due to the 
exposed highly reactive hydroxyl groups of the lignocel-
lulosic fiber resulted from increased severity of digester 
conditions. This will help improve the bonding strength 
between the lignocellulosic fiber and water-soluble urea UF 
resin.

The results showed that the hydrophobicity of the fib-
ers increased with increasing severity of the digester con-
ditions, because the contact the angle values of the MDF 
specimens decreased with increasing temperature, time, 
and pressure in the digester. The hydrolysis rate of the 
wood increased as the chips were steamed in the digester 
with harsh conditions. The extent of lignin removal, the 
presence of hemicelluloses or other carbohydrate material, 
and extractives at the fiber surface significantly affects the 
wettability of the fiber [10]. Under the digestion conditions, 
most extractives are removed but a residual pitch fraction 
may remain [11]. Extractives in the walls of wood cell 
make wood less permeable and negatively affect the wetta-
bility [12]. The presence of residual extractives and hydro-
phobic lignin on the fiber surface can decrease the wetta-
bility of wood fiber [10]. It was estimated that the wood 
chips steamed at low digestion conditions, such as Types 
A1 and A2 in Table 1, had a lower polar component lead-
ing to a higher contact angle with water [11, 13, 14]. The 

chips steamed in the lower digestion conditions had higher 
extractive and lignin content as compared to the higher 
digestion conditions, which resulted in a higher. In a previ-
ous study Walinder and Gardner [15] reported that a larger 
amount of both extractives and lignin in the surface would 
result in a higher contact angle. The fiber color also became 
significantly darker with increasing treatment conditions in 
the digester.

The wettability of the MDF decreased with increasing 
defibrator disc distance. The contact angle values (5  s) of 
the MDF specimens at the 0.06, 0.15, and 0.60 mm defibra-
tor disc distance were found to be 78.6°, 86.4°, and 95.2°, 
respectively. There were significant differences in the wet-
tability (5 s) values of the MDF panels produced from the 
fibers at the defibrator disc distances of the 0.06, 0.15, and 
0.60  mm. However, there were no significant differences 
between 0.15 and 0.60 mm distances at 10 and 30 s meas-
urement intervals. Since the 5 s contact angle value of the 
MDF panels produced from the fibers at the defibrator disc 
distances of the 0.60 mm was above 90°, its wettability was 
poor as compared to the 0.06 and 0.15 mm distances. The 
amount of fine fibers significantly increased with decreas-
ing disc distance (Fig. 1).

At the same digestion conditions and defibrator disc 
distance, the highest wettability (the lowest contact angle) 
was found in the MDF specimens produced with the fib-
ers of beech wood, followed by poplar wood, birch wood, 
scots pine/beech wood, and scots pine wood, respectively. 
The camera captures of the MDF specimens produced by 
scots pine wood fibers (MDF type A1) and the specimens 
produced from beech wood fibers (MDF type C1) are pre-
sented in Fig.  2. There was no significant differences in 
the contact angle values of birch and poplar MDF speci-
mens, while this was not observed for other species. The 
anatomical and chemical properties of wood significantly 
affect the morphological characteristics of the fiber surface, 
which affect the wettability of the wood fiber [16]. Man-
tanis and Young [10] reported that the separation of the 
middle-lamella during the pulping process for beech wood 
should be less of a rupture, since the lignin had less cross-
links and therewith could contribute to a smoother surface 
roughness. This could partly explain that the MDF panels 
produced from beech wood fibers had the highest wettabil-
ity among the MDF types. The results showed that decreas-
ing fiber length positively affected the wettability of the 
MDF specimens.

Conclusions

This research work showed that the surface wettability of 
MDF panels was significantly affected by the digester con-
ditions, defibrator disc distance, and the wood species. The 

Table 2   Contact angle values of the MDF specimens

MDF medium density fiberboard
1  The samples having MDF codes of A3, B2 and C5 are the same 
specimens
2  Groups with the same letter are not statistically different at a signifi-
cance level of α = 0.05
3  The values in the parentheses are standard deviations

MDF code Contact angle measuring intervals

5 s Degree (°) 10 s Degree (°) 30 s Degree (°)

A1 93.7 (4.0) ae3 88.6 (2.7) a 78.1 (2.8)4 a
A2 90.2 (4.8) a 85.8 (4.8) ab 77.5 (3.7) ab
A31 86.4 (5.1) d 85.2 (3.1) ab 78.4 (3.9) a
A4 82.4 (3.7) b 83.7 (2.6) b 74.7 (3.1) b
A5 76.1 (3.0) cf 70.2 (2.5) ce 63.4 (2.8) ce
A6 75.9 (2.8) cf 68.1 (3.1) c 56.9 (2.2) df
B1 78.6 (3.6) c 71.1 (3.7) e 64.6 (3.2) ce
B21 86.4 (5.1) d 85.2 (3.1) ab 78.4 (3.9) a
B3 95.2 (4.4) e 86.3 (4.2) a 79.7 (4.1) a
C1 74.5 (5.5) f 68.5 (3.1) c 55.7 (2.4) d
C2 82.9 (3.9) b 79.3 (3.5) d 66.1 (2.9) c
C3 79.7 (4.4) c 72.6 (2.6) e 62.9 (3.2) ef
C4 76.5 (5.5) cf 70.5 (3.1) ce 59.7 (2.4) f
C51 86.4 (5.1) d 85.2 (3.1) ab 78.4 (3.9) a
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wettability of the MDF decreased with increasing the defi-
brator disc distance. At the same digestion conditions and 
defibrator disc distance, the highest wettability (the lowest 
contact angle) was found in the MDF specimens produced 
with beech wood, followed by poplar wood, birch wood, 
scots pine/beech wood, and scots pine wood, respectively. 
The increment in the severity of the digestion conditions 
improved the wettability of the specimens, which resulted 
in a decrement in the contact angle values. The better wet-
tability of MDF panels would contribute to the improve-
ment of the bondability between MDF panel and water-
soluble UF resin, thus to improved performances of the 
products. The findings of the present study can be also used 
by the MDF manufacturers, which produce paintable MDF 
panel for furniture industry.
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