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Hot pressing temperature is determined according to the performance of boards, type of glue, and production efficiency of hot
press. During hot pressing, the thermal energy has enhanced the plasticity of the fiber and created conditions for the integration
of different bonds. The thermal energy will cause the moisture in raw board to vaporize. Temporary heating will expedite the
solidification of hot set resin for decreased friction and increased fluidity. The hot pressing temperature usually refers to the
temperature of hot pressing plate, but what plays function in actual use is the temperature inside the raw board. This research
investigates the performance ofMDFwith respect to hot pressing temperature.The strength and water resistance of the product are
improved with the increase of hot pressing temperature from 140∘C to 160∘C, the Modulus of Rupture (MOR) is increased by 9.8%,
the Internal Bonding (IB) is increased by 33.6%, the water absorption (Wt) is decreased by 38.2%, and the thickness expansion rate
(𝑇
𝑠
) is decreased by 15.2%.

1. Introduction

Medium density fiberboard (MDF) is a type of wood sheet
produced under optimum pressure and temperature by using
wood fiber or other plant fibers as rawmaterials and applying
the urea formaldehyde resin [1]. The density of MDF in pro-
duction is generally controlled between 690 and 750Kg/M3.
The raw materials used for MDF are firewood from nearby
plantations and forest, mango, Ghaz wood (Tamarix aphylla),
poplar wood (Populus caspica), eucalypt, wheat straws, rice
husk, cotton stalks, Sesbania, sugarcane bagasse, and so forth
[2].

The performance index of MDF is divided into three
categories, that is, physical performance, mechanical perfor-
mance, and biological performance [3]. The physical perfor-
mance mainly includes density, moisture content, and thick-
ness swelling. The mechanical performance mainly includes
Internal Bonding, Modulus of Elasticity (MOE), Modulus of
Rupture (MOR), and screw holding force (face and side) [4].
The biological performance mainly includes the release of
formaldehyde [5].

Figure 1 shows the whole manufacturing process associ-
atedwith differentwork stations, that is,material preparation,
fiber formation, fiber treatment, mat forming and hot press-
ing, board treatment, and warehouse. Inmaterial preparation
section the wood is converted into chips through chipper
machine.The chips are then screened to separate the required
size [6]. The confirming chips are then transported to chips
washer through a belt conveyor with iron remover installed
over it. These chips are then washed to improve its quality.
These chips are then transferred to fiber separation section. In
fiber separation section, the chips are cooked at a temperature
of 160–180∘C@ 6–8 bar pressure for about 3–5min tomake it
softer. About 1-2 wt% of paraffin wax is added to the softened
chips to make them swelling resistant [7]. The softened chips
are then delivered to grinding chamber. In grinding chamber,
thematerials aremechanically decomposedwith the function
of water and heat. Pulps are formed. These pulps are then
flowing in blow line. While passing through the blow valve,
urea formaldehyde resin is added into pulp. After that the
pulp in the form of fiber enters into the dryer [8]. In fiber
treatment section, the moisture is vaporizing in fiber and
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Figure 1: MDF manufacturing process (wood force plant).

Table 1: Hot press parameters for different thickness of board.

Th (mm) 𝑃1 𝑃2 𝑃3 𝑃4 𝑃5 𝑃6 𝑃7 𝑃8 𝑃9 𝑡0 𝑡1 𝑡2 𝑡3 𝑡4 𝑡5 𝑡6 𝑆2 𝑇 (∘C)
8 170 30 40 90 80 20 12 11 10 55 35 15 15 10 15 𝑆1 + 25 170
11 170 35 45 90 80 19 12 11 10 80 50 15 15 12 15 𝑆1 + 30 170
16 190 30 40 160 140 19 12 11 10 100 100 15 20 20 20 𝑆1 + 30 190
18 190 35 45 170 150 16 12 11 10 120 100 15 20 20 25 𝑆1 + 30 190

controls it within the required range. The final moisture
content in the fiber is controlled within 8–13 (wt%). In mat
forming section, the fiber is spread evenly into the matting
conveyor belt. Under the function of air blow, the mat of
specified thickness is formed.The prepress dispels the air out
of mat and gives strength to the mat [9].

In board trimming section, the board is cooled and is
conveying to the longitudinal and transversal saw for cutting
[10]. The dust is removed from sides of board. In sanding
section, the board is polished to the required size by removing
the extra surface.The board is then inspected and transferred
to warehouse [11].

2. Methodology

Hot pressing is an important process to manufacture the
MDF and plays a decisive role in the product quality and
productivity.

Hot pressing refers to a process where the raw board,
under the combined function of temperature and pressure,
is subjected to moisture evaporation, increase of density,
glue solidification, and water proof agent redistribution and
the compositions in the raw materials are subjected to a
series of physical and chemical changes to form bonding

force between the fibers and form the products confirm-
ing to quality requirements [12]. Plant fiber material is a
micromolecular organic substance complicated in chemical
compositions, plus applying of composite resin. Hot pressing
process involves not only the change in geometric shape but
also such processes as chemical change and physical change
[13]. The factors affecting the method include process tem-
perature, type of rawmaterials, concentrations of ingredients,
moisture content, type and performance of resin, and time
and pressure of the process. The press cycle and parameters
are shown in Table 1 and Figure 2. In Table 1, for 16mm board
thickness, the whole press cycle time is 275 sec plus position
time (𝑆1 + 30).
𝑆1 time is the press closing time which is normally 10

seconds. So the total cycle of the hot press for 16mm is
calculated as 320 seconds. The adjustment is based on the gel
time of urea formaldehyde (UF) resin. Similarly, for different
thickness and curing of resin, the different parameters are
adjusted.

The graph shown in Figure 2 is formed from the hot press
parameters mentioned in Table 1.

The main experiment was carried out on 16mm board.
Four samples of 16mmMDF were manufactured with initial
parameters as shown in Table 2.
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Figure 2: Hot press cycle graph.
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Figure 3: Relationship between hot press temperature and swelling
in thickness.

3. Results and Discussions

Final manufactured MDF properties are concisely summa-
rized in Table 3. The comparative analysis of the well-defined
MDF properties, such as water resistance (Wt), swelling in
thickness (𝑇

𝑠
), Modulus of Rupture (MOR), and Internal

Bond (IB), can be accomplished on the basis of temperature
variation [14, 15]. Wt and 𝑇

𝑠
are physical properties of MDF,

while MOR and IB are mechanical properties of the formed
MDF.

Four samples of MDF are produced at temperature of
140∘C, 160∘C, 170∘C, and 185∘C.Meanwhile, during manufac-
turing, the initial parameters, namely, preheating time, UF
resin, wax, press timing, and board size, were kept constant
[16].

The physical property, swelling in thickness (𝑇
𝑠
) of MDF,

is consummate with temperature variation ranging from
140∘C to 185∘C. At 140∘C, 160∘C, 170∘C, and 185∘C., 𝑇

𝑠
values

were recorded as 18%, 15.3%, 8.2%, and 9.3%, respectively, as
shown in Figure 3.

As the temperature increases from 140∘C to 170∘C, the
value of 𝑇

𝑠
decreases from 18% to 8.2%, but when we increase

the temperature from 170∘C to 180∘C, 𝑇
𝑠
value is slightly

increased from 8.2% to 9.3%. It means that if we further
increase the temperature, 𝑇

𝑠
value will move in ascending
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Figure 4: Relationship between hot press temperature and Internal
Bond (IB).

Table 2: The final MDF properties at various temperature.

S. number Parameters Value
1 Moisture in fiber 11%
2 UF resin 10%
3 Hot press plates temperature 190∘C
4 Thickness of the board 16mm
5 Press closing time 40 sec
6 Total press cycle time 320 sec

Table 3: The final MDF properties at various temperature.

𝑇 (∘C) IB (MPa) Wt (%) Density
(gm/cm3)

MOR
(MPa) 𝑇𝑠 (%)

140 0.43 29.2 0.74 29.2 18
160 0.64 18 0.72 32.3 15.3
170 0.96 17.9 0.72 31.8 8.2
185 1.02 22 0.73 30 9.3

order and the strength of MDF will be reduced. The best
and acceptable temperature range for MDF is from 170∘C to
180∘C. This is the optimum medium range of temperature.
Calculated 𝑇

𝑠
values also depend upon the nature of curing

of resin used as binder and hot press time [17, 18]. Low
temperature and high temperature are strictly prohibited for
MDF in normal case of resin curing. Meanwhile 𝑇

𝑠
value

according to standard (EN-317) is <12%.
In record of the manufactured MDF samples, the exper-

imental values of mechanical adhesive property, that is,
Internal Bond (IB), is ranging from0.43MPa to 1.02MPa for a
temperature range from 140∘C to 185∘C as shown in Figure 4.

The IB value at low temperature (140∘C) is 0.43MPa,
while for a 16mmMDF the IB value is standardized (EN-319)
as 0.6MPa. Hence, at 140∘C, the MDF will have a very poor
strength. But when the temperature is exceeded from 140∘C
to 160∘C, the IB value reaches 0.64MPa. So at 160∘C, theMDF
follows the standard value and strength. If we further increase
the temperature from 160∘C to 170∘C, a direct relation is set
up between temperature and IB and the IB value continuously
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Figure 6: Relationship between hot press temperature and density
of MDF.

increases [19]. Atmaximum value of temperature (185∘C), the
IB value 1.02MPa is obtained. But if we further increase the
temperature, the surface and core layer may lead to a high
temperature difference and ultimately the MDF may become
brittle.

The samples of MDF are also tested for a very important
mechanical property, namely, MOR [20]. The experimen-
tal values of MOR are calculated as 29.2MPa, 32.2MPa,
31.8MPa, and 30MPa for temperature of 140∘C, 160∘C, 170∘C,
and 185∘C, respectively, as shown in Figure 5. Even at low
temperature (140∘C), theMOR value is very close to standard
(EN-310) value (≥30MPa). At 160∘C, the MOR value is at
its peak (32.3MPa). However, if we further increase the
temperature from 160∘C to 185∘C, the MOR behaves in
reverse manner.

Figure 6 demonstrates the effect of temperature over
the density. The physical property, density of MDF, is con-
summate with temperature variation ranging from 140∘C
to 185∘C. At 140∘C, 160∘C, 170∘C, and 185∘C, the values of
density were recorded as 0.74 g/cm3, 0.72 g/cm3, 0.72 g/cm3,
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Figure 7: Relationship between hot press temperature and water
resistance of MDF.

and 0.73 g/cm3. At low temperature, the density value is max-
imum, that is, 0.74 g/cm3. If we increase the temperature from
140∘C to 160∘C, the density value dropped from 0.74 g/cm3 to
0.72 g/cm3. If we further increase the temperature from 160∘C
to 170∘C, the value of density remains constant. However,
when temperature increases from 170∘C to 185∘C, the density
is also increased from 0.72 gm/cm3 to 0.73 gm/cm3.

For systematic judgment of the MDF property, the hot
press temperature values are drawn against water resistance.
The water resistance property shows dramatic behavior
against temperature and the strength for MDF is fluctuating.
At temperature of 140∘C, the water resistance value is 29.2%,
as shown in Figure 7. However, when the temperature
increases from 140∘C to 160∘C, the water resistance value
decreases from 29.2% to 18%. At 160∘C, the water resistance
value is ideal and the strength of MDF is at its peak. But as
the temperature further increases from 160∘C to 170∘C, the
water resistance value slightly decreases from 18% to 17.9%.
However, at maximum recorded temperature, its value again
increases. This fluctuating behavior of water resistance is the
high temperature difference between the surface and core
layer [21].

4. Conclusions

TheMDF is ofmedium density, themoisture content of fibers
in raw board is not high, and the raw board is thick but loose
and poor in heat conductivity.The heating ismostly bymeans
of contact transfer. Therefore, the temperature difference
between the surface and core of the raw board is high.
To ensure full solidification temperature of different glues,
usually, 160–180∘C is selected. The selection of temperature
also depends on other factors such as the raw materials, type
of trees, and moisture content in raw board, glue property,
thickness of raw board, heating method, heating time, and
pressure. It is shown in above results that the performance
of MDF is closely related to hot pressing temperature. The
strength and water resistance of the product are improved
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with the increase of hot pressing temperature from 140∘C
to 160∘C; the MOR will be increased by 9.8%, the IB bond
will be increased by 33.6%, the water absorption will be
decreased by 38.2%, and the thickness expansion rate will
be decreased by 15.2%. This is because, with the rise of hot
pressing temperature, the lapse of the temperature on the
surface and core layer of the raw board will be increased,
the thermal conduction will be expedited, and the core layer
temperature will rise quickly. So that the glue can flow better
and be evenly distributed between the fibers; thus it can be
thoroughly solidified. In addition, the rise of temperature
may reinforce the degradation of chemical consumption in
fiber thus to enhance the activity of fiber for easy bond
between the fibers. But if the temperature continues to rise
up to 185∘C, the strength and water resistance of board may
be decreased, which might be caused by degradation and
brittleness of the resin. The determination of hot pressing
temperature is related to the thickness and density of product.
To produce the product with a density of 0.6 gm/cm3 and
thickness of 11mm, the temperature difference between the
surface and core layer of the raw boardmay be high up to 40–
60∘C. A higher temperature difference will cause difficulty in
production of thick boards.This is because the surface fiber of
raw board is in direct contact with the hot pressing plate and
the glue in the surface fiber will be solidified in the short time.
However, it will take longer time for the core layer to reach
this solidifying temperature, so that this will surely extend the
hot pressing cycle. If we increase the temperature to enhance
the heat transfer effect, this might cause the degradation of
surface fiber and oversolidifying of the glue. Therefore, a lot
of new technologies are being developed for the technology
of heating medium. For example, when carrying out contact
heating of the raw boards, addition of high-frequency heating
and adoption of spray cooking can play a positive role in
quickly increasing the temperature of raw boards, shortening
the pressurizing time, and improving the performance of the
products.
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