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In this study, high-density fiberboards were produced using urea-formaldehyde resin (0.98 mole) at five 
different consumption rates (12.47%, 11.55%, 11.12%, 10.65%, and 10.1% by weight of dry fiber), and 
the physical and mechanical properties and formaldehyde contents of the boards were determined. 
Boards were produced using a continuous through-feed press in a working factory rather than labo-
ratory-type press equipment. For almost all properties, no linear and stable increase or decrease was 
observed with an increase in adhesive consumption. On the contrary, the values of properties oscillated 
with the increase in adhesive consumption. Except in the case of surface soundness (SS), the mean 
values of the physical and mechanical properties presented significant differences. The property that 
was most improved was SS, which improved by 25.4% when UF consumption was 105 kg/m³. Among 
the physical properties, the greatest improvement was in surface abrasion, with a 15.7% improve-
ment for the same consumption rate. For thickness swelling (TS 2 h and 24 h) and water absorption, 
a consumption rate of 115 kg/m³ provided the greatest improvement (decreases of 15.3%, 6.8% and 
8.7% respectively). Therefore, considering all of the evaluated properties, a common consumption rate 
leading to the greatest improvement could not be determined. One of the most important properties 
of the panels was the formaldehyde emission (FE) value. FE decreased by around 17.6% when UF 
consumption was 115 kg/m³. However, the FE values were determined to be above the value for class 
E1, and should be reduced for marketed goods.
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Introduction 

Engineering processes not only provide advances in 
utilization and diversity in types of wood or wood-
based materials, but also extend the lifetime of semi-fin-
ished or finished products due to improved physical 
and mechanical properties. Wood-based composites 
are versatile materials that have a variety of structural 
and interior design applications. Particleboards and 
fiberboards are usually finished with veneer, paint, etc. 
and are used for furniture production or decoration 

purposes, due to their outstanding properties such as 
elasticity, strength, and cost-effectiveness (Açık & Tutuş, 
2012). Furthermore, particleboard and medium-den-
sity fiberboard (MDF) have become fundamental mate-
rials for the furniture industry in Europe (Mantanis 
et al., 2004). However, global resources are dramatically 
decreasing with the enormous increase in demand due 
to increased population and consumption. Wood is 
a renewable and sustainable construction, building, and 
decorative material, but a balance between harvesting 
and growing of trees should be achieved by means of 
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natural or sylvicultural practices to prevent short-
ages. In recent years, growing demand for forestry 
resources for various uses has led to shortages of 
wood resources (Lee et al., 2011). The traditional 
approach for producing medium- and high-density 
fiberboard (MDF and HDF) uses soft- and hard-
woods or mixtures of various wood species. However, 
anticipated wood shortages, forestry rules, and the 
expected lower cost of non-wood materials have 
motivated board producers to seek different sources 
for lignocellulose fibers (Jaber et al., 2016).

Regarding fiberboard, researchers have generally 
focused on the influence of the fiber mixture (raw or 
recovered, soft- and/or hardwood species, etc.) on 
physical and mechanical properties of HDF (Hunt 
et al., 2008; Kara et al., 2016; Mihajlova & Savov, 
2018; Oh, 2010; Sala et al., 2020). Furthermore, 
physical and mechanical properties of sandwich 
panels (Labans et al., 2019; Rozins & Iejavs, 2014) 
or composite products such as parquet (Açık & Tutuş, 
2012; Güler et al., 2007) and laminates (Açık & Tutuş, 
2012) which contain HDF have been evaluated, as 
well as mineral utilization (Özdemir, 2016; Özdemir 
et al., 2016, 2018), combustion properties (Lee et al., 
2011; Özdemir et al., 2013), and the influence of dry 
heat (Döngel et al., 2008) on HDF or HDF-based 
products. The effects of density (Hernán Poblete 
& Roque Vargas, 2006), adhesive type (Mamiński 
et al., 2020), press temperature and pressure (İstek, 
2006), lamination (Hızıroğlu, 2008), heat treat-
ment (Korkut et al., 2015), uniform and non-uni-
form electric fields (Xu et al., 2015), surface coating 
(Çetin & Kaygın, 2016; Nemli et al., 2004), chemical 
treatment (Kartal et al., 2003), and formaldehyde 
content of UF (Antov et al., 2021) have been investi-
gated. Furthermore, Suchsland and Woodson (1986) 
provided in-depth information (industry, chemi-
cals, raw materials, manufacturing processes, heat 
treatment, physical and mechanical properties, etc.) 
concerning fiberboards such as MDF and HDF.

Türkiye has competitive production capability for 
MDF/HDF (Bayram et al., 2018; İstek et al., 2017) 
but competition requires continuous research and 
development efforts. Furthermore, regulations, the 
mechanical and physical aspects of the material, 
consumption, and cost-reducing measures are some 
of the challenging factors in the industry. Considering 

this, adhesive is one of the critical materials which 
have an influence on HDF properties. Çamlıbel 
(2020a, 2020b) determined that using 0.98 mole UF 
resin provides better performance. Few studies refer to 
the effect of different adhesive consumption rates on 
the physical, mechanical, and formaldehyde content 
of HDF boards. Therefore, in the present work, a case 
study was carried out in a real panel production line of 
a commercial company to evaluate the boards’ perfor-
mance in terms of physical and mechanical properties 
and formaldehyde emission.

Materials and methods 

Scots pine (Pinus sylvestres L) and Oriental beech 
(Fagus orientalis L) woods were used as raw materials. 
The contributions of soft- and hardwood species were 
80% and 20%, respectively. Woods were obtained from 
forestry departments located in the West Black Sea 
Region of Türkiye.

UF resin was manufactured by the Kastamonu Resin 
Production Plant located in Kastamonu, Türkiye, and the 
specifications of the adhesive are presented in Table 1.

Ammonium sulfate ((NH4)2SO4), an inorganic 
sulfate salt, was used as a catalytic agent for harden-
ing the UF resin. It was obtained from a commercial 
company located in İstanbul, Türkiye, and was used 
as a 20% solution. The density and pH of the solution 
were 0.95 g/cm³ and 6.5, respectively.

Oyster white liquid paraffin (a lubricating and 
water-repelling agent) was obtained from a commer-
cial company located in Denizli, Türkiye, and technical 
specifications of the paraffin are presented in Table 2.

At least five HDF boards were produced for each 
resin content to evaluate the effects of the adhesive 
consumption rate on the physical and mechanical 
properties and formaldehyde content of the boards. 
Raw wood materials were separately chipped accord-
ing to species, and the chips were stored in individ-
ual silos. A mixture of chips containing 80% Scots 
pine and 20% Oriental beech was obtained using 
a silo discharge helix. The mixed chips were screened 
using a roller screen, and non-standard chips were 
extracted. The chips were cooked with an Andritz 
defibrillator (Andritz AG, Graz, Austria) using the 
following processing parameters: 8 bar steam pres-
sure, 185 °C temperature, and 3.5 minutes (digester). 

Table 1. Technical specifications of the adhesive

Solid 
content

Mole 
ratio

(F:U)

Density

(g/cm³ @20 °C)

Viscosity

(25 °C cPs)

Gel time

(100°C) (20% 
(NH4)2SO4)

pH Free  
formaldehyde

(%)

Metilol 
groups

(%)

Shelf time 
(day)

58 ± 1 0.98 1.227 15-35 s 20-60 s 7-8.5 0.18 (max) 12-15 75
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Before the fibrillation process, cooked chips were 
blended with liquid paraffin (1.35% by weight of 
dry fiber), and fibrillation was performed using 
a defibrillator unit. Hardener (1.3 wt.% according 
to the ratio of adhesive and dry fiber) and adhe-
sive (12.47%, 11.55%, 11.12%, 10.65%, and 10.1% by 
weight of dry fiber) were added to the fibers sequen-
tially in a Blowline unit. Blended fibers (shown in 
Fig. 1, left) were dried from 97% to 12% moisture 
content (MC) using a  Büttner single flash dryer 
(Büttner Energie- und Trocknungstechnik GmbH, 
Krefeld, Germany) with a  length and diameter of 
180 m and 2 m, respectively. The inlet and outlet 
temperatures of the dryer were 240 and 60 °C, respec-
tively. The dried fibers were screened using a fiber 
shifter unit. A mat forming process was performed 
using a Siempelkamp Starformer (G. Siempelkamp 
GmbH & Co. KG, Krefeld, Germany), and then mats 
were pre-pressed. Mats were trimmed and pressed 
using a continuous through-feed press (ContiRoll, 
Siempelkamp, G. Siempelkamp GmbH & Co. KG, 
Krefeld, Germany). The pressing parameters were 
970 mm/s press speed, 225 °C temperature, and 57 s 
pressing duration. The produced HDF boards were 
conditioned for 5 days in the acclimatization section 
(20±1 °C, 65% relative humidity). Boards were sanded 
using a Steinemann sanding machine (Steinemann 
Technology AG, St. Gallen, Switzerland) with 40, 80, 
and 150 grit sandpapers. K-type heads were used 

in the first two sections, and FS- and NS-type heads in 
the final six sections. Tests were performed using the 
samples shown in Fig. 1 (right). Production parame-
ters for the boards are presented in Table 3.

The thickness, density, MC, thickness swelling (TS), 
water absorption (WA), and surface absorption (SA) 
of the samples were determined in compliance with 
TS EN 324-1 (1999), TS EN 323 (1999), TS EN 322 
(1999), TS EN 317 (1999), and TS EN 382-1 (1999).

The modulus of rupture (MOR), modulus of elas-
ticity (MOE), internal bonding (IB), and surface 
soundness (SS) of the samples were determined in 
compliance with the TS EN 310 (1999), TS EN 319 
(1999), and TS EN 311 (2005) standards, respectively. 
An IB700 Board Property Tester (IMAL Srl, Italy) 
was used to determine both physical and mechanical 
properties in compliance with the standards.

The formaldehyde content (FC) of the boards was 
determined using a perforator method in accordance 
with the TS EN ISO 12460-5 (2016) standard, which 
regulates the determination of formaldehyde content 
of unlaminated and uncoated wood-based panels.

Analysis of variance (ANOVA) was performed to 
evaluate the influence of the adhesive consumption 
rate on the boards’ physical and mechanical prop-
erties and FC. Duncan’s multiple range tests were 
performed to obtain the differences between the 
mean values of the variables. Coefficients of deter-
mination (R²) between the variables were calculated.

Table 2. Properties of the liquid paraffin

Density (g/cm³) Solid matter (%) pH Viscosity (25 °C cPs)
0.96 60 9-10 13-23

Table 3. Production parameters of the boards

Production Parameters
Groups according to adhesive consumption (kg/m³ solid)

115 105 100 95 90

Wood mixture (%) (Scots pine + beech) 80+20

Hardener (% wt. dry fiber) 1.30

Adhesive (% wt. dry fiber) 12.47 11.55 11.12 10.65 10.1

UF molar ratio (F:U) 0.98

Paraffin (% wt. dry fiber) 1.38

Press temp. (°C) 225

Press speed (mm/s) 970

Press duration (s) 57

Press pressure (kg/cm²) 32

Dimension (mm) 7.7x2100x2440
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Results and discussion

1. Physical properties

Average values for the physical properties of the HDF 
boards are presented in Table 4. The thicknesses of the 
boards were around 7.7 mm, and there were no statisti-
cally significant differences between the groups, except 
for the boards produced with 115 kg/m³ adhesive.

As seen in Table 4, the average densities of the boards 
ranged from 867 to 893 g/cm³ and increased (by 2.93%) 
with an increase in adhesive consumption. Generally, 
HDF boards have density values in a range of 800 to 
1100 kg/m³ (Hong et al. 2017). The experimental values 
are in agreement with the values obtained by Camlibel 
(2020a). Çamlıbel (2020b) reported 881.2 kg/m³ density 
for HDF produced using 0.98-mole UF adhesive with the 
following production parameters: 1.35% paraffin, 58 s 
press duration, 215 °C press temperature, and 950 mm/s 
press speed. Furthermore, the upper bound of the 
specific gravity for MDF was reported as 0.88 by Kartal 
and Green (2003). As seen in the table, there are signif-
icant differences (P < 0.05; superscripts a–e correspond 
to the results of Duncan’s multiple range test, with an 
ordering of low to high in the mean densities except for 
the boards produced using 90 and 100 kg/m³ adhesive.

The MC of the boards ranged from 6.3% to 6.8%, 
and all mean values presented statistically significant 
differences. Furthermore, there was no linear relation 
between the adhesive consumption rate and the MC 
of the boards. MC values decreased and then slightly 
exceeded the initial values when adhesive consump-
tion increased. The minimum MC value (6.29%) 
was obtained for 105 kg/m³ adhesive consumption. 
Çamlibel (2020a) reported 6.7% MC for HDF boards 
produced using 0.98-mole UF resin (8.6% by weight 
of dry fiber), with a mixture of hard- and softwoods, 
which is in line with the results of this study.

Values of TS (2 h and 24 h) obtained for the boards 
fluctuated as the adhesive consumption rate was 
increased. As seen in Table 4, all mean values presented 

statistically significant differences, except for the boards 
produced using 100 and 105 kg/m³ adhesive with an 
application time of 24 hours. For both 2- and 24-hour 
applications, the maximum (4.13% and 8.85%) and 
minimum (3.23% and 8.17%) TS values were obtained 
with adhesive consumption rates of 105 and 115 kg/m³ 
respectively. Çamlibel (2020a) reported almost equal 
(3.98%) and 2.2 times higher (19.55%) TS values for 
7.68 mm-thick HDF boards with 2- and 24-hour appli-
cations, respectively. Also, a value of 4.86% for TS (2 h) 
was reported by Çamlıbel (2020b). Antov et al. (2021) 
reported values of 12.9% and 18.3% for TS (24 h) in HDF 
produced using European beech (Fagus sylvatica L.) and 
Turkish oak (Quercus cerris L.) woods and UF adhesive 
(3%). Hernán Poblete and Roque Vargas (2006) reported 
TS values of 7.6% and 20.1% in 2 and 24 hours respec-
tively for 987 kg/m³ density HDF boards produced by 
a dry process. Hong et al. (2017) reported an R² value of 
0.38 between TS and resin content (8%, 10%, 12%, 14%) 
for MDF boards. In the present study, the R² values for 
TS 2 h vs. UF consumption and TS 24h vs. UF consump-
tion were 0.342 and 0.5 respectively (Fig. 2), indicating 
no good correlation between the variables.

Average values for the surface absorption (SA) of the 
boards (Table 4) ranged from 280 to 303 mm. Statisti-
cally significant differences were detected between the 
groups, except in the case of 90 and 95 kg/m³ adhesive 
consumption. The R² value for SA vs. UF is presented 
in Fig. 2. An SA value around 8.9% higher than the 
maximum values obtained in this study was reported 
by Çamlibel (2020a) for HDF boards produced using 
970 mm/s press speed, 220 °C press temperature, and 
57 s press duration. Consequently, almost all physical 
properties exhibited unstable increases and decreases 
with increasing adhesive consumption rates.

Mean values of WA (24 h) reached their maxi-
mum (19.7%) and minimum (17.03%) with adhesive 
consumption rates of 105 and 115 kg/m³, respectively. 
As seen in Table 4, all mean values presented statisti-
cally significant differences. Çamlibel (2020a) reported 
a WA value of 22.18% for 7.68 mm-thick HDF boards. 

Fig. 1. Fibers (left) and HDF test samples (right)
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Table 4. Physical properties and statistics for the panels in terms of adhesive groups

Properties Groups N Mean Std. Dev. Properties Groups N Mean Std. Dev. 

Thickness (mm)

R115 5 7.744b* 0.015 Density (g/cm³) R115 5 892.60d 2.408

R105 5 7.676a 0.018 R105 5 880.00c 1.581

R100 5 7.726b 0.015 R100 5 870.80b 2.775

R95 5 7.722b 0.013 R95 5 867.20a 2.588

R90 5 7.726b 0.032 R90 5 871.20b 2.588

TS 2 h (%)

R115 5 3.234a 0.032 TS 24 h (%) R115 5 8.170a 0.012

R105 5 4.130e 0.027 R105 5 8.858b 0.035

R100 5 4.040d 0.046 R100 5 8.470b 0.022

R95 5 3.976c 0.027 R95 5 8.814d 0.027

R90 5 3.816b 0.036 R90 5 8.766c 0.023

Moisture (%)

R115 5 6.676e 0.027 WA 24 h (%) R115 5 17.028a 0.029

R105 5 6.296a 0.042 R105 5 19.700e 0.079

R100 5 6.394b 0.030 R100 5 18.838c 0.033

R95 5 6.536c 0.021 R95 5 18.838d 0.024

R90 5 6.612d 0.043 R90 5 18.646b 0.032

SA (mm)

R115 5 303.40b 2.074

R105 5 327.40d 3.209

R100 5 313.00c 2.121

R95 5 280.40a 3.847

R90 5 283.00a 4.123
* Duncan homogeneity groups

Fig. 2. Linear regression models for TS and WA



Çamlıbel O. et al.: Influences of UF Adhesive Consumption on HDF Properties

6	 Drewno. Prace naukowe. Doniesienia. Komunikaty 68 (216) 2025

Antov et al. (2021) reported WA (24 h) values of 26.1–
31.5% for HDF (930 kg/m³) produced using very low 
UF resin content (3%). Hernán Poblete and Roque 
Vargas (2006) reported 10.8% and 27.9% as WA values 
in 2 and 24 hours respectively for 988 kg/m³ density 
HDF boards produced by a dry process. They calcu-
lated R² values of 0.68 and 0.73 for density vs. WA 2h 
and density vs. WA 24h, respectively. As seen in Fig. 3, 
a considerably lower R² value was calculated here for 
WA vs. density. An R² of 0.192 was reported for WA 
vs. resin content in MDF by Hong et al. (2017). As can 
be seen in Fig. 3, relatively low values were obtained 
in this study for WA vs. UF consumption rate. Conse-
quently, WA is regarded as an unstandardized techni-
cal property (Antov et al., 2021), and a wide range of 
WA values (for example, higher than 30%) has been 
reported for HDF board by researchers such as Antov 
et al. (2021) and Mihajlova and Savov (2018).

2. Mechanical properties 

Average values for the mechanical properties of the 
HDF boards are presented in Table 5. The results show 
that an increase in adhesive consumption did not lead 
to stable linear increases or decreases in the mechanical 
properties. As seen in the table, values fluctuated as the 
adhesive consumption rate increased. The maximum 
(46.93 MPa) and minimum (40.5 MPa) mean MOR 
values were obtained for the boards produced using 
105 and 100 kg/m³ adhesive, respectively. An inter-
mediate value (43.37 MPa) was reported by Çamlibel 
(2020a) for HDF boards. According to Duncan’s multi-
ple range tests, differences between the mean values 
of MOR depending on adhesive consumption were 
statistically significant. However, there was a weak rela-
tionship between the two variables, as indicated by 

the calculated coefficient of determination (R²) value 
of 0.115 (Fig. 4). Antov et al. (2021) reported MOR 
values in the range 30.99–40.47 MPa for eco-friendly 
HDF boards; these are lower than the results obtained 
in this study.

As seen in Table 5, the mean MOE values of the 
boards ranged from 4244 to 4415 MPa. An MOE of 
3990 MPa for HDF board produced using 8.6% UF 
resin, which is in line with the results of this study, 
was reported by Çamlibel (2020a). The MOE initially 
underwent a slight and negligible decrease (0.24%) 
and then increases of 2.82%, 1.73%, and 4.02% when 
the UF consumption rate was increased from 90 to 95, 
100, 105, 110, and 115 kg/m³ respectively. It could be 
concluded that a 1% increase in adhesive consumption 
might produce a 0.14% increase in MOE if the rela-
tionship had been linear. It was found that there was 
a significant relationship between adhesive consump-
tion and MOE, as indicated by the calculated R² value 
of 0.777 (Fig. 4). In general, the average MOR and MOE 
values of the panels were higher than those reported by 
Çamlibel (2020a). Antov et al. (2021) reported MOE 
values of 3197–4114 MPa for eco-friendly HDF boards; 
these are lower than the results obtained in this study.

As seen in Table 5, IB values ranged from 1.54 to 
1.72  MPa. A considerable increase (11.96%) was 
observed when adhesive consumption increased from 
90 to 115 kg/m³. There were no statistically significant 
differences between the mean values for the 90, 95, and 
100 kg/m³ groups. The calculated R² value (0.782) indi-
cates a significant relationship between IB and adhesive 
consumption. Antov et al. (2021) reported IB values of 
0.58 to 0.67 MPa for eco-friendly HDF boards; these are 
considerably lower than the results obtained in this study.

The surface soundness (SS) values ranged from 
1.21 to 1.58 MPa. A similar value (1.2 MPa) for the 

Fig. 3. Linear regression models for TS and WA
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Table 5. Mechanical properties and statistics for the panels in terms of adhesive groups

Properties Groups N Mean Std. Dev. Properties Groups N Mean Std. Dev.

MOR (MPa)

R115 5 46.324d* 0.034 IB (MPa) R115 5 1.722c 0.019

R105 5 46.932e 0.024 R105 5 1.662b 0.038

R100 5 40.502a 0.029 R100 5 1.544a 0.015

R95 5 45.114c 0.043 R95 5 1.560a 0.025

R90 5 44.746b 0.030 R90 5 1.538a 0.024

 MOE (MPa)

R115 5 4415.2e 3.114 SS (MPa) R115 5 1.556a 0.035

R105 5 4317.8c 1.924 R105 5 1.578a 0.030

R100 5 4364.0d 2.345 R100 5 1.210a 0.677

R95 5 4234.2a 2.588 R95 5 1.374a 0.027

R90 5 4244.4b 2.074 R90 5 1.258a 0.024
* Duncan homogeneity groups

Fig. 4. Linear regression models for IB and MoE

Fig. 5. Linear regression models for SS and IB



Çamlıbel O. et al.: Influences of UF Adhesive Consumption on HDF Properties

8	 Drewno. Prace naukowe. Doniesienia. Komunikaty 68 (216) 2025

IB of HDF panels produced using 8.6% UF resin was 
reported by Çamlibel (2020a). However, stable and 
linear behavior was not observed as the adhesive 
consumption rate was increased from the lowest to 
the highest value. The lowest and the highest IB values 
were obtained for the panels produced using 100 and 
105 kg/m³ adhesive. There was no statistically signif-
icant difference between the groups, and a weak rela-
tionship between SS and adhesive consumption was 
indicated by the calculated R² value of 0.129 (Fig. 5).

According to Hong et al. (2017), MOR, MOE, and 
IB values for MDF boards gradually increased when the 
resin content was increased from 8% to 14%. In indus-
trial conditions, the variation in adhesive consumption 
was maintained within certain limits, and as a result the 
trend was not linear and stable not only for mechanical 
but also for physical properties. Furthermore, it is not 
easy to say that any of the groups presented the best 
physical and mechanical properties.

Density is the principal determinant that influences 
board properties (Sari et al., 2013). Hernán Poblete and 
Roque Vargas (2006) reported that MOE and MOR 
increased from 3035 to 4406 MPa and from 366 to 
414 MPa respectively when density increased from 
880 to 1041 kg/m³. As other researchers have observed, 
density has a positive influence on the mechanical 
properties of boards.

3. Formaldehyde content

Mean FC values for the boards are presented in Table 6. 
As in the case of physical and mechanical properties, FC 
oscillated as the adhesive consumption rate increased. It is 
believed that because of the factory production process, 
the CoV obtained within each panel was extremely low, 
as seen in the table. However, such small differences 
may lead to statistically significant differences between 
the mean values. The FC of the boards was decreased by 
around 17.57% when adhesive consumption increased 
from 90 to 115 kg/m³. Hong also observed that there is 
not a clear correlation between the adhesive consump-
tion rate and formaldehyde emission, since the FC values 

vary when the density and resin content are increased. 
However, as was described above for the mechanical prop-
erties, formaldehyde content did not follow a linear and 
stable trend with the increase in adhesive consumption. 
All FC values are higher than the standardized value for 
class E1, namely 8 mg/100 g, which is not appropriate for 
boards made in industrial conditions.

Conclusions

According to the results, only surface soundness (SS) 
was insignificantly influenced by UF consumption. The 
thickness means of the groups were close to each other, 
and only the 105 kg/m³ group presented a significant 
difference. The influence of UF consumption on the 
properties was not linear, either positively or negatively. 
Fluctuation was observed as the consumption rate was 
increased from 90 to 115 kg/m³.

It may not be reasonable to indicate a common UF 
consumption rate that would lead to better performance 
of panels when all of the evaluated properties are consid-
ered. However, the boards with rates of 105 and 115 kg/m³ 
presented better performance in terms of physical and 
mechanical properties and formaldehyde content. Despite 
this, the FC of the industrially produced boards exceeded 
the limit for emission class E1 (≤ 8 mg/100 g) but met the 
requirements for class E2 (8–30 mg/100 g). Even though 
the emission values are close to the 8 mg/100 g limit, 
the boards produced must be enhanced to meet the E1 
requirements laid down in health safety standards.

Product properties depend strongly on the component 
materials and production parameters. Temperature, press 
time, and pressure are some of the basic production param-
eters that are widely evaluated especially in MDF produc-
tion. However, for HDF production, there are issues that 
remain to be clarified. In this study the production param-
eters were fixed, but their influence on the evaluated prop-
erties should be investigated in a future study. However, 
particularly for the temperature parameter, it should be 
taken into account that there is a blow-out risk due to 
too rapid steam generation when the press temperature 
is increased excessively (Suchsland & Woodson, 1986). 

Table 6. Formaldehyde content (FC) and statistics for the panels in terms of adhesive groups

Properties Groups N Mean Std. Dev.

FC (mg/100g)

R115 5 9.158a* 0.031

R105 5 9.862b 0.038

R100 5 10.578c 0.055

R95 5 9.900b 0.016

R90 5 11.110d 0.016
* Duncan homogeneity groups of the means
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