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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 3.66x1.83x0.016 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/m? 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 FEucalyptus 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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Annomayua. ViccnenoBaHue TOCBSIICHO BIMSHUIO YBJIAKHEHUS IPEBECHOTO BOJIOK-
Ha Ha BBIXOJ M KayeCTBO APEBECHOBOJOKHUCTHIX IJIUT cpeaHed miotHoctu (MIP) B
NPOMBIIIICHHBIX MaciiTabax Ha nmpumepe komnaHuu «Arian Sina MDF». Dkcniepumen-
TaJbHBIMU OOpa3uamu nociyxuwin 180 HeoOpaOOTaHHBIX IaHenel IPEeBEeCHOBOJIOK-
HUCTBIX IUTAT CPEeAHEH MIOTHOCTHU pazMepoM 3,66x1,83x0,016 M kaxknasi, U3TOTOBIECH-
HbIX npennpustueM B 2018 . OOpa3upl ObUIM pasleieHbl Ha 3 TPyNIbl M0 YCIOBUIM
npousBojacTBa: 1 — 6e3 yBiaxHeHus; 2 u 3 — ¢ yBiaaxnenuem 40 u 50 r/m? Boabl co-
OTBETCTBEHHO. J[pyrume mapameTpsl BKJIIOYaNIH IMOCTOsIHHOE coaepxkanue kiues (10 %
OT Macchl CyXOro BOJIOKHA), (PMKCHPOBAaHHYIO BIQXXHOCTh JpeBecHOro BojokHa (7 %),
a TaKk)ke MPUMEHEHHUE NPHU MPOU3BOACTBE TIUT TonoisA (70 %) u aBKaIUNTa KaMalbIyb-
ckoro (30 %) u orBepautens (0,8 % ot cyxoi macchl Kies). Pe3ynbTarsl mokasaiu, 4To
YBIGXXHEHHE JPEBECHOTI0 BOJOKHA C JIBYX CTOPOH MOBBIIIAET NPOYHOCTHBIC XapaKTepH-
CTHKHU W BBIXOJ] MPOAYKLUUHU. ITO OOBSCHSIETCS COKpAIlEHUEM BPEMEHH, HEOOXOIUMOTO
JUISL TIepejauu Terula OT MPEeCCOBAJIbHBIX IUNIMT K CPeAHEMY CJI00 BojokHa. Kpome Toro,
PEHTTEHOBCKHUI aHaJIN3 TUIOTHOCTH BEPTUKAJIBHOTO MPOQUIS IJIUT TaKXKe BBISIBUI, YTO
YBJI&XXHEHHE TOBEPXHOCTH JPEBECHOTO BOJIOKHA YBEJIMYUBACT MOBEPXHOCTHYIO U BHY-
TPEHHIOIO TNIOTHOCThH TLIUT.

Knioueswie cnoga: yBnaxxHeHue APEBECHOTO BOJIOKHA, IPEBECHOBOIOKHUCTAS ITUTA CPEeTHEH
IUIOTHOCTH, IJIOTHOCTB JIPEBECHOM Macchl, NITH(OBaIbHAS MAIIUHA
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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 3.66x1.83x0.016 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/m? 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/cm?.

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/m? 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/m? of water, respectively. The panels which were
sprayed with 50 g/m? 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/m? 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/m2water 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/m? 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/m?, 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

Mat spray | Surface layer density, [ Core layer density, 1B, MOR, MOE,
rate, g/m? kg/m? kg/m? N/mm? N/mm? N/mm?
50 1127 1127 633 0.75 25.28 2450
40 1041 1073 583 0.67 24.33 2341
0 960 965 568 0.62 22.18 2302
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Fig. 1. The vertical density profile of the panels produced with and without
mat water spraying

mat spray (40 g/m?) ~——mat spray (50 g/m?)

010 T S —— < i s

Core temperature ,°C
=N
S

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Time,s

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

As is shown in fig. 2, after spraying the mat with 0, 40 and 50 g/m? 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/m?2, 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
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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.
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Fig. 3. The effect of mat spraying on the loose surface structure

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 0.016x1.83%x3.66 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
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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/m? 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/m?, 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 0.016x1.83%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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