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Abstract. This research focuses on the effect of mat water spraying on the production 
yield and the quality of medium density fiberboard  (MDF) on an industrial scale at Arian 
Sina  MDF Company. A total of 180 raw medium density fiberboard panels, each with 
dimensions of  3.66×1.83×0.016 m, manufactured by the company in 2018, have been 
used as the experimental samples. These samples have been produced under various 
conditions, including 3 different groups: 1 – without mat water spraying; 2 and 3 –  
with mat water spraying using 40 and 50 g/m² of water, correspondingly. Other parameters 
have included a constant adhesive content (10 % of dry fiber content), a fixed mat moisture 
content (7 %), and the use of poplar species (70 %) and Eucalyptus camaldulensis  
(30 %). Additionally, a hardener (at 0.8 % of the dry weight of glue) has been applied. 
The results have demonstrated that water spraying onto both sides of the mat increases the 
strength properties and improves the production yield. This enhancement is attributed to the 
reduced time required for transferring heat from the press plates to the core layer of the mat. 
Furthermore, X-ray vertical profile density analysis has indicated that water spraying onto 
the mat surface also increases the surface and core layer density of the panels.
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Аннотация. Исследование посвящено влиянию увлажнения древесного волок-
на на выход и качество древесноволокнистых плит средней плотности (МДФ) в 
промышленных масштабах на примере компании «Arian Sina MDF». Эксперимен-
тальными образцами послужили 180 необработанных панелей древесноволок-
нистых плит средней плотности размером 3,66×1,83×0,016 м каждая, изготовлен-
ных предприятием в 2018 г. Образцы были разделены на 3 группы по условиям 
производства: 1 – без увлажнения; 2 и 3 – с увлажнением 40 и 50 г/м² воды со-
ответственно. Другие параметры включали постоянное содержание клея (10 % 
от массы сухого волокна), фиксированную влажность древесного волокна (7 %),  
а также применение при производстве плит тополя (70 %) и эвкалипта камальдуль-
ского (30 %) и отвердителя (0,8 % от сухой массы клея). Результаты показали, что 
увлажнение древесного волокна с двух сторон повышает прочностные характери-
стики и выход продукции. Это объясняется сокращением времени, необходимого 
для передачи тепла от прессовальных плит к среднему слою волокна. Кроме того, 
рентгеновский анализ плотности вертикального профиля плит также выявил, что 
увлажнение поверхности древесного волокна увеличивает поверхностную и вну-
треннюю плотность плит.
Ключевые слова: увлажнение древесного волокна, древесноволокнистая плита средней 
плотности, плотность древесной массы, шлифовальная машина
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Introduction

Medium density fiberboard (MDF) is one of the most favorite wood composites 
which has been greatly welcomed during recent years. Based on the FAO (Food and 
Agriculture Organization of the United Nations) statistics, MDF, as a product with 
high applicability, has gained a considerable market share in wood industry and its 
demand is growingly increasing for construction, furniture and internal decoration 
[10]. Increasing the production yield in order to reduce the manufacturing cost via 
elevating the product quality has been one of the great concerns of the key players 
in this industry. Heating energy is one of the most important factors in wood-based 
panel industries. During the press process, heating energy is transformed to the core 
layer of the mat through its contact with hot press plates. Rapid and sufficient heat 
transfer to the core layer is the prerequisite to polymerization and effective bond 
formation between the fibers. 

Heating facilitates the complete curing of thermoset resin due to accelerating its 
polymerization. Furthermore, heating through advancing the stress relief mechanism 
or reducing the fiber strength, affects the mat compression process. Pressure gradient 
resulted from temperature increase directs the moisture content within the mat toward 
the void volumes, which finally finds its way to exit. During the press operation, 
three processes, including simultaneous transformation of mass and heat, stress 
relief or reducing fiber strength and resin polymerization, happen at the same time. 
If the press cycle is shorter than needed and hence the press time is less than enough, 
either the panel surface is blistered or the layers are separated, which all result from 
the incomplete resin curing or the steam overpressure within the mat [6]. Heat is 
transferred within the panel by usual heat transfer (emission) and also by flowing the 
steam toward the core layer of the panel. 

As the temperature changes through the mat thickness, the compression 
rate changes and subsequently there will be a density gradient all along the panel 
thickness. Achieving a moisture gradient is possible by spraying some water onto the 
mat surface. The optimum water consumption depends on the fiber shape and mat 
moisture content. Two-sided water spraying (spraying on both sides of the mat) is 
crucial to avoid the panel deformation [5]. Wong et al. have studied the panel density 
profile and its effects on the panel characteristics. According to the results of their 
studies, the effect of the rate of press closing, pressure, moisture distribution and the 
way that the panel is pressed on the density of the surface layers is more than that of 
the core layers [9].

Surface quality is one of the functional characteristics of MDF and under 
different conditions of relative humidity, low surface quality not only reduces the 
quality of coating and surface finishing but also increases the necessity of sanding 
before surface finishing and hence enhances the overall cost [8]. In order to increase 
both the surface quality of wood composites and their functional properties, there are 
different solutions, and mat water spraying is one of them. 

The high applicability potentials of MDF panels has motivated the key 
industrialists to increase their production yield in order to decline the costs besides 
promoting the quality to get the national and international markets. Due to the lack 
of academic data on the benefits of mat water spraying, the main objective of this 
research is focusing on the effect of mat water spraying on the yield and the quality 
of MDF on an industrial scale at Arian Sina Company. 
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Research Objects and Methods

180 MDF panels with the dimensions of 3.66×1.83×0.016 m have been produced 
in Arian Sina Company, divided into 3 groups by manufacturing conditions: 1 – with no 
mat water spraying; 2 and 3 – with mat sprayed with 40 and 50 g/m² of water. 

Urea-formaldehyde resin with a solid content of 60 % and molar ratio of (U:F) 
1:1.1 has been used at 10 % of dry fiber content.

The moisture content of the mat before hot pressing has been set to 9 % O.D. 
(Oven Dry). The use of poplar species (70 %) and Eucalyptus camaldulensis (30 %), 
hardener (0.8 % of the dry weight of glue) and other parameters have been established. 
In order to prevent panel deformation, mat water spraying has been performed on 
both sides of the panel. The water has been sprayed on the forming belt before the 
formation of the mat, and after that it has been sprayed on its surface. The mat has 
been pressed for 180 s at 190 °C and a maximum press pressure of 35 kg/cm2.

In order to analyze the temperature of the core layer of MDF panels a 
thermocouple Testo 925 with the measurement range of –50 to 1000 °C and the 
precision of ± 1, has been used. 

When acquiring the equilibrium moisture content, testing samples have been 
cut according to EN 622-5 (EN 1998), EN 310 (EN 1996) and EN 319 (EN 1996) for 
internal bond (IB), and subsequently loaded by the IMAL (IB 600) mechanical tester 
at Arian Saeed Industrial Group. To determine the vertical density profile, a Sicoscan 
has been utilized [2–4].

Results and Discussion

Vertical profile densities (fig. 1) show that the water sprayed panels have had 
a higher peak density. So the panels manufactured with 50 g/m2 water sprayed have 
shown an increase of 17.1 and 6.6 % in peak density compared to that of the non-sprayed 
panels and those sprayed with 40 g/m2 of water, respectively. The panels which were 
sprayed with 50 g/m2 of water have shown an increase of 13.97 % in MOR compared 
to that of the non-sprayed panels. For the panels sprayed with 40 g/m2 of water, this 
increase has been 9.7 % compared to that of the panels not sprayed with water.

In addition, the results have shown that mat water spraying increases the panel 
core layer density, as the panels sprayed with 50 and 40 g/m2 water have shown 11.45 
and 2.65 % increase in core layer density, respectively, compared to that of the panels 
not sprayed with water. 

As can be seen in table, mat water spraying increases the mechanical strength 
of the treated panels, so that the panels sprayed with 50 g/m2 of water have had an 
increase of about 17.3 % in IB compared to that of the non-sprayed panels. For the 
panels sprayed with 40 g/m2, this increase in IB has been 8.1 % compared to that of 
the non-sprayed panels. 

The effect of mat water spraying on the characteristics of MDF panels  
manufactured under the same conditions

MOE,
N/mm2

MOR, 
N/mm2

IB, 
N/mm2

Core layer density, 
kg/m3

Surface layer density, 
kg/m3

Mat spray 
rate, g/m2

245025.280.756331127112750
234124.330.675831073104140
230222.180.625689659600
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As is shown in fig. 2, after spraying the mat with 0, 40 and 50 g/m2 of water, 
it has taken 140, 130 and 108 s for the core layer of water-sprayed panels to reach 
the target temperature of 100 °C, respectively. Increasing the amount of water 
sprayed onto the mat surface from 0 to 50 g/m2, has reduced the time required 
for the core layer to reach the temperature of 100 °C by 29.63 %. The higher the 
moisture content resulted from water spraying within both surface layers of the 
mat, the higher the mechanical strength characteristics in the final product has been 
[7]. Mat water spraying, especially at the amount of 50 g/m2, accelerates the heat 
transfer from the press plates to the core layer of the panel, improves the curing of 
resin and hence promotes IB in the final product. The moisture which comes from 
water sprayed onto the mat softens the fibers and increases their flexibility which 
enhances the initial pressure and subsequently the density of surface layers that 

Fig. 1. The vertical density profile of the panels produced with and without  
mat water spraying

Fig. 2. The effect of mat water spraying onto the core layer temperature



182 «Известия вузов.  Лесной журнал».  2024.  № 4 

altogether promote the bending strength [1]. The core layer density independently 
affects the internal bond. The higher the core density, the higher the internal bond 
of the panel is [6]. In addition, as thermocouples have shown, water spraying 
facilitates the heat transfer. Furthermore, water spraying not only improves the 
panel quality, but also reduces the manufacturing costs by enhancing the process 
productivity (yield).

In order to precisely determine panel thickness, to achieve a smooth and 
homogenous surface, to remove the loose surface layers, as well as to obtain a higher 
density surface layers and hence a higher MOR, it is crucial to sand the surface of 
the panels. The results of vertical profile density measurement (fig. 3) have shown 
that mat water spraying reduces the thickness of the loose surface layer by 0.7 mm.  
The density of the surface layers is relatively low, which is removed through the 
sanding process and as a result improves the panel’s strength. 

The amount of this loose and low density layer to be removed by sanding 
machines, is determined considering the vertical density profile of the panels. 
Since water spraying reduces the dust produced in each panel with the dimensions 
of 0.016×1.83×3.66 m by 2 kg, it can be concluded that the spraying treatment 
reduces the manufacturing cost in both terms of sanding machine work and raw 
materials cost. 

Conclusions

Considering the importance of production yield while maintaining the panel 
quality, in this research we have investigated the effect of mat spraying on the 
production yield and quality of MDF on an industrial scale. After water spraying 

Fig. 3. The effect of mat spraying on the loose surface structure
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onto the mat surface, determining the core layer temperature and strength properties 
of the products, the following results have been obtained. It is worth noting that based 
on the results obtained in the research performed at Arian Sina company, increasing 
the amount of water sprayed onto the mat to higher than 50 g/m2 is not recommended, 
since it leads to the reduction of panel strength properties and increases the waste 
production. This could be related to the steam augmentation in the core layer and its 
low possibility to be discharged. 

1) Mat spraying has a considerable effect on the panel mechanical properties;
2) Mat spraying increases the peak and core layer density of the panels;
3) Increasing the amount of water sprayed onto the mat from 0 to 50 g/m2, reduces 

the time required by the core layer to reach the target temperature of 100 °C by 29.63 %; 
4) Mat water spraying reduces the thickness of the surface layer which is 

required to be removed in a sanding machine and thus diminishes the dust produced 
while sanding the panel with the dimensions of 0.016×1.83×3.66 m by 2 kg per panel; 

5) Mat water spraying accelerates the heat transfer from the press plates to the 
core layer. 

It is predicted that the higher surface density resulted from water spraying 
allows the utilization of the lower grammage veneer layers.

Since the strength properties, especially the internal bond, increase, a 5 % 
saving in resin consumption is expected.

The research has been carried out in the Multidaylight press and the results 
may vary in continuous presses.
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