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Abstract: Recycling medium-density fiberboards (MDF) presents notable technological challenges,
primarily due to the deteriorated properties of the recycled wood fibers obtained from MDF waste.
On the other hand, the enhanced valorization of recycled wood in the manufacturing of wood
composites represents a viable approach for implementing the principles of a circular bio-economy in
the wood-based panel industry and lowering its carbon footprint. This research aimed to investigate
and evaluate the impact of the hydrothermal hydrolysis regime on the physical and mechanical
properties of recycled MDF panels (rMDF). The hydrolysis temperature was varied from 121 ◦C
(saturated steam pressure 0.2 MPa) to 134 ◦C (saturated steam pressure 0.3 MPa), and three hydrolysis
durations, i.e., 30, 45, and 60 min, were applied. A control MDF panel, manufactured in laboratory
conditions from industrial pulp, was used to perform the comparative analyses. It was observed
that the degradation of the rMDF panels occurred when the hydrolysis temperature was increased
from 121 ◦C to 134 ◦C. The research confirmed the deteriorated physical and mechanical properties
of rMDF compared to the panels manufactured from natural wood fibers. Markedly, no significant
differences were detected between the density profiles of the rMDF panels and the control boards
fabricated from industrial pulp. As a result of the study, it was found that the hydrolysis temperature
has a more significant effect than the processing time. It was also established that, in the preliminary
preparation of the MDF panels into samples with dimensions similar to those of pulp chips, the
optimal hydrolysis regime is at a temperature of 121◦ C (saturated steam pressure 0.2 MPa) and a
time of 30 min.

Keywords: recycling; medium-density fibreboards; thermal hydrolysis; physical and mechanical
properties; formaldehyde content

1. Introduction

Manufacturing wood-based panels is considered a prominent sector within the wood
industry. At present, the production of fiberboards, particularly medium-density fiberboard
(MDF), is one of the fastest growing wood-based industries worldwide, with an estimated
annual market size of 113.09 million m3 in 2023 and a compound annual growth rate of
3.81% for the period 2023–2028 [1]. The increased production of engineered wood products
is connected with the growing demand for wood and wood-based products worldwide
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and the escalating global deforestation rates. The implementation of circular economy
principles in the whole forest-wood value chain, related to the cascading use of wood
resources, search for alternative natural feedstocks, and enhanced recycling and upcycling
of wood and other lignocellulosic raw materials, is in line with the ongoing digital and
green transition of the wood-based sector [2–4]. In addition, introducing sustainable and
cost-effective recycling practices will reduce the industry’s carbon footprint by eliminating
the energy-intensive pulp chip refining process [5,6].

It should be noted that, while the recycling of particleboards is relatively well-developed
at an industrial scale [7–9], the recycling of MDF panels is associated with specific technical
difficulties, mostly related to the reduced slenderness of the recycled wood fibers [10–16].
The recycling of MDF panels can be carried out with or without removing the resins [17–21].
However, the recycling methods without resin extraction are characterized by an increased
formaldehyde emission from the panels produced and the substantial deterioration of
their properties [17,18,22,23], i.e., the recycling methods with resin removal are much more
promising. This is also supported by the fact that the main type of adhesives used in the
production of wood-based panels is the urea-formaldehyde (UF) resin [24–28], which is
highly unresistant to hydrolysis [29–35]. The main method used to remove synthetic resins
from recycled wood-based panels is hydrolysis [36–44], but there are also some studies on
resin extraction by electrolysis [45,46]. The use of electrolysis is often associated with in-
creased processing costs. However, the panels, manufactured from recycled fibers obtained
by electrolysis, are characterized by satisfactory physical and mechanical characteristics.
Moezzipour et al. [45] reported that MDF panels manufactured by electrolysis recycling
had mechanical properties that were only about 11% lower than those fabricated from
natural fibers. In comparison, those obtained using hydrolysis exhibited approximately
47% worse mechanical properties. However, the increased processing costs resulting from
the application of electrolysis are the main drawback of its more comprehensive industrial
implementation.

Hydrolysis can be thermochemical (acid) or hydrothermal. Considerable research
has been performed on recycling MDF panels through acid hydrolysis [18,24,27]. Lubis
et al. [36] obtained MDF panels with properties comparable or superior to those manu-
factured from natural fibers, with a recycled fiber content of up to 10%. Additionally, a
notable decline in the characteristics of MDF panels manufactured only using recycled
fibers was reported.

Studies on hydrothermal hydrolysis regimes are relatively limited. In the research by
Savov et al. [10], an investigation was conducted to examine the impact of the hydrolysis
regime on the characteristics of the recycled fibers obtained. It was found that the recycled
fibers were shorter compared to the natural ones, and spherical structures were observed
in the pulp from such fibers. In this study, the hydrolysis temperature was varied from
121 to 134 ◦C, and at a processing time of 30 to 60 min, no changes in the content of
the pentosans were observed. With increasing temperatures, an increase in the chemical
oxygen demand (COD) values was reported, most likely due to the increased extractives
content. Such extracts were also reported in the study by Hagel et al. [42]. Another
study [10] reported that, even at a hydrolysis temperature of 121 ◦C and a hydrolysis time
of 30 min, the presence of amino compounds was observed in the pulp, indicating the
disintegration of UF resin [47,48]. However, the impact of the hydrolysis regime on the
physical and mechanical characteristics of MDF panels fabricated from recycled wood
fibers obtained using the thermal hydrolysis of waste MDF panels was investigated in
previous studies [10]. Thus, the aim of this research was to investigate and evaluate the
impact of the hydrothermal hydrolysis regime on the physical and mechanical properties
of MDF panels fabricated from recycled wood fibers (rMDF).

2. Materials and Methods

This study utilized MDF panels produced by Kronospan Bulgaria EOOD, located in
Veliko Tarnovo, Bulgaria. The panels were subjected to a hydrolysis recycling process at
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121 ◦C (saturated stem pressure of 0.2 MPa) and 134 ◦C (saturated stem pressure of 0.3 MPa)
hydrolysis temperatures, with processing durations of 30, 45, and 60 min. The temperature
and hydrolysis time were determined based on previous investigations [44,49]. Buschal-
sky et al. [49] reported increased formaldehyde emissions from MDF panels fabricated
from recycled wood fibers obtained with hydrothermal hydrolysis at temperatures below
100 ◦C. Accordingly, in [44], a significant deterioration of the properties of MDF panels
was reported after increasing the temperature of hydrothermal hydrolysis from 125 ◦C
to 150 ◦C. However, in the study [44], the temperature change is significant, suggesting
the need for an analysis of the effect of this factor at an intermediate (between 125 ◦C and
150 ◦C) hydrolysis temperature. The thermal hydrolysis process was conducted using a TS
14 B+ autoclave (Cixi Tonsor Medical Instrument 146 Co., Ltd., Ningbo, Zhejiang, China).
More detailed characterization of the processing parameters of hydrothermal recycling and
the properties of the recycled fibers obtained can be found in Savov et al. [10].

In the laboratory, six types of rMDF panels were fabricated from recycled fibers
obtained at different regimes of hydrothermal hydrolysis, and a control MDF panel was
manufactured from the industrial pulp (Table 1).

Table 1. Manufacturing parameters of rMDF panels fabricated from recycled wood fibers obtained
by thermal hydrolysis.

Panel Type Target Density Hydrolysis Temperature T, ◦C Hydrolysis Time τ, min

A 780 121 30
B 780 121 45
C 780 121 60
D 780 134 30
E 780 134 45
F 780 134 60

REF 780 0 0

The industrial wood fibers used for manufacturing the control MDF panels were
produced by the Asplund thermomechanical method using a Defibrator L56 (Valmet,
Stockholm, Sweden) in factory conditions at Kronospan Bulgaria EOOD (Veliko Tarnovo,
Bulgaria). The pulp was composed of mixed wood raw materials—40% hardwoods (Euro-
pean beech (Fagus sylvatica) and Turkish oak (Quercus cerris)) and 60% softwoods (Norway
spruce (Picea abies) and Scots pine (Pinus sylvestris)). The industrially produced wood fibers
had a moisture content (MC) of approximately 10%. The recycled wood fibers used had the
same MC value.

Due to the significant content of hardwoods in the pulp and to increase the compres-
sion ratio, the laboratory-fabricated MDF panels had a target density of 780 kg.m−3 [24].
The MDF panels, manufactured in laboratory conditions from recycled and natural wood
fibers, had dimensions of 400 mm × 400 mm × 6 mm.

The adhesive system used was comprised of 90% urea-formaldehyde (UF) resin and
10% melamine-formaldehyde (MF) resin. The addition of MF resin was aimed mainly at
improving the waterproof properties of the panels and partially improving their mechanical
properties [24–26]. Both binders were prepared to a solution with a concentration of 50%.
The UF resin had a molar ratio 1.0 and a dynamic viscosity of 23.76 ± 0.52 MPa.s. The
MF resin had a molar ratio of 1.76 and a dynamic viscosity of 21 ± 0.76 MPa.s. As a
hardener, ammonium sulfate ((NH4)2SO4 20%) was used at 1%, based on the dry resin.
The ammonium sulfate was introduced into the adhesive system as a solution with a 30%
concentration. As a waterproof substance, wax (paraffin emulsion) was used at a content
of 1%, based on the dry fibers. The paraffin emulsion used had a concentration of 50%.

The adhesive content was 10%, based on the dry fibers. The glueing was conducted
within the controlled environment of a laboratory setting, utilizing a blender equipped
with needle-shaped blades. This particular blender was developed as a prototype by the
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University of Forestry (Sofia, Bulgaria) and operated at 850 rpm. The adhesive mixture was
applied through a 1.5 mm nozzle, which facilitated the injection of the paraffin emulsion.

The hot-pressing process was performed using a laboratory hydraulic press (PMC
ST 100, Italy). The hot-pressing temperature applied was 175 ◦C, and the press factor was
30 s.mm−1. The temperature and press factor used were chosen following previous studies
on manufacturing fiberboard panels at a similar MC of the raw material [50–52].

The experimental procedure involved the implementation of a four-stage pressing
regime. During the initial stage, the pressure was gradually raised to 4 MPa, which
accounted for 15% of the total pressing time. Subsequently, in the second stage, the
pressure was reduced to 1.2 MPa, constituting 15% of the total pressing time. In the third
stage, the pressure was maintained at 0.8 MPa for 60% of the total pressing time. Finally,
the fourth pressing period was conducted at a pressure of 1.5 MPa, encompassing 10% of
the total pressing time. In contrast to the production of particleboards, in the production
of fiberboard panels, the cohesive bonds between the fibers have a significant role even
in the dry-process method. Because of that, in the present study, a final hot-pressing
stage with increased pressure is applied, which does not allow the remaining minimal
amount of steam to leave the panel, resulting in the formation of additional lignin and
hydrogen bonds.

The physical and mechanical characteristics of the MDF panels were assessed by
the European standards EN 310, EN 317, EN 319, and EN 323 [53–56]. The mechanical
properties were evaluated using a WDW-50E universal testing machine (UTM, HST, Jinan,
China). Eight MDF test samples were used to determine each property. The density profile
of the panels was determined in the factory laboratory of Kastamonu-Bulgaria AD (Gorno
Sahrane, Bulgaria). A GreCon DENSITYPROFILER (Fagus-CreCon, Alfeld, Germany) was
used for that purpose. The X-ray voltage used was 32.833 kV at a measurement speed
of 0.1 mm.s−1. The quantification of formaldehyde emission was conducted using the
perforator method [57], and the findings were reported using a DR 2800 photo-spectrometer
(Hach Lange GmbH, Düsseldorf, Germany).

The main statistics, average (mean value), standard deviation, standard error, and
probability were determined for each of the physical and mechanical properties of the
panels. Hierarchical cluster analysis was also performed using specialized software, IBM
SPSS Statistics 18 (2010).

3. Results and Discussion

The results obtained for the density of the laboratory-fabricated MDF panels and the
main statistical parameters are presented in Table 2. The data on the density of the MDF
panels fabricated from recycled and natural fibers showed a slight variation in this property,
with the density being close to the targeted value of 780 kg.m−3. The difference between the
panel with the highest density (panel type F) and the lowest (panel type A) is 20 kg.m−3,
or only 2.6%. That is, the difference between the MDF densities is significantly below the
statistical error of 5%.

Table 2. Density of MDF panels produced in this work.

Panel
Type

Average
(Mean Value) ρ,

kg.m−3

Standard
Deviation
Sy, kg.m−3

Coefficient
of Variation

Vy, %

Standard
Error my,
kg.m−3

Probability
Py, %

Type A 777 47.61 6.13 16.83 2.17
Type B 786 51.41 6.54 18.17 2.31
Type C 776 70.68 9.11 24.99 3.22
Type D 780 53.50 6.86 18.91 2.42
Type E 779 64.90 8.33 22.95 2.95
Type F 797 49.99 6.27 17.67 2.22

REF 783 28.32 3.62 10.01 1.28
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The ANOVA results for the significance of the panel types on their density values are
presented in Table 3. The absence of differences between the densities of the MDF panels
was due to the hot pressing method using metal bars to determine the panel thickness.
The direct consequence of the panels having practically the same density is that this main
property will not affect the other physical and mechanical properties of the MDF panels.
Therefore, their variation will be attributed to the hydrolysis regimes used to obtain the
recycled wood fibers.

Table 3. ANOVA for the significance of panel type on the density of the fabricated MDF panels.

Source of Variation SS df MS F p-Value Fcrit

Panel type 2630.581 6 438.4301 0.151336 0.987926 2.290432
Error 141,955.8 49 2897.057
Total 144,586.4 55

The density profiles of the laboratory-made MDF panels are presented in Figure 1.
When analyzing the density profile of the MDF panels fabricated from recycled wood
fibers obtained with the different regimes of thermal hydrolysis and natural wood fibers,
it was determined that there was no significant difference between the minimum and
average density values. This difference was much less than the technologically permissible
threshold for a minimum deviation of 15% for all panels produced in this work [24]. For
the rMDF panels, the minimum density was from 86% to 97% of the average. There was no
significant variation in the density of these types of panels along their cross-section, i.e.,
the rMDF can be classified as relatively homogeneous panels. The reference MDF panel,
fabricated from natural, industrially obtained wood fibers, had a minimal density value,
representing 96% of the average value.

The water absorption (WA) of the laboratory-fabricated MDF panels from recycled
wood fibers and industrial wood pulp, determined after 24 h of immersion in water, is
presented in Figure 2. The WA values of the rMDF panels varied from 50.8% to 66.4%. The
lowest WA value was determined for the rMDF panel fabricated with recycled fibers at
a hydrolysis temperature of 121 ◦C and a hydrolysis time of 30 min (panel type A). The
highest WA value was recorded for the rMDF panel fabricated with fibers recycled at a
hydrolysis temperature of 134 ◦C and a hydrolysis time of 60 min (panel type F). The
difference in the WA between these two types of rMDF was 1.31 times. The control MDF
panel, manufactured from industrially produced fibers, exhibited a WA value of 43.5%, or
1.17 times lower than the lowest for the rMDF panels.
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The chemical oxygen demand (COD) was studied as a measurement of wastewater
contamination and as an indirect indicator of the changes in the recycled fibers [10]. It
should be noted that the hydrolysis temperature also affected the COD values [10]. The
deterioration of the WA of the rMDF panels with increasing hydrolysis temperature was
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also reported by [45]. It was established that the temperature and time of hydrolysis, in
the studied range of variation, did not affect the content of the pentosans in the recycled
fibers [10]. In this specific case, the deterioration of the WA at an increased temperature
was attributed to the removal of extractives from the fibers or as a result of the excerpt of
lignin from the fiber surfaces [45].

Compared to the WA of the reference MDF panels, the deteriorated WA values of the
rMDF panels manufactured from natural fibers were consistent with the results reported
by [49], where a 1.15 times increase in the WA was observed in the first MDF recycling. An
average WA deterioration of 1.3 times was also reported by [36], when the recycled fibers
completely replaced the natural ones.

The results obtained for the thickness swelling (TS) of the rMDF panels are presented
in Figure 3. For the experimental conditions, the TS of the rMDF panels varied from 23.7%
to 32.3%, i.e., an overall difference of 1.36 times was determined. Again, rMDF type A
(hydrolysis temperature 121 ◦C and hydrolysis time of 30 min) had the lowest TS values,
and rMDF type F (hydrolysis temperature 134 ◦C and hydrolysis time of 60 min) had the
highest TS value, respectively.
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Figure 3. Thickness swelling (24 h) of the MDF panels produced.

The TS value of the reference MDF panel fabricated from the industrial pulp was
18.1% or 1.31 times better (lower) than that of rMDF type A. A similar deterioration of this
property due to the characteristics of the fibers obtained by the hydrothermal hydrolysis
recycling of the MDF was also reported by [45]; as in the cited study, an increase in the TS
by 1.53 times was reported. Lubis et al. [36] also reported a deterioration of the TS values
by nearly 1.8 times when completely replacing the natural fibers with the recycled fibers
obtained by acid hydrolysis. That trend was also confirmed by [49], where a 1.13 times
deterioration of the property was reported for the first generation of recycled fibers.

None of the rMDF panels fabricated from recycled fibers at a hydrolysis temperature
of 134 ◦C fulfilled the requirements of EN-622-5 [58] in terms of the TS (no more than 30%).

The results obtained for the modulus of elasticity (MOE) of the rMDF panels are
presented in Figure 4. The MOE values of the MDF panels, manufactured from recycled
and natural wood fibers, varied from 3268 to 3680 N.mm−2, i.e., the total difference was
about 12%. The MDF panel fabricated with natural fibers (REF) had the highest MOE value,
and the rMDF manufactured with fibers, recycled at 134 ◦C and for a time of 60 min had
the lowest. The rMDF panel type A, i.e., fabricated from recycled wood fibers obtained at a
hydrolysis temperature of 121 ◦C and a processing time of 30 min, exhibited the highest
MOE. That panel had a 9.3% lower MOE than the reference MDF (REF 10). The difference
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between the MOE values of these two panels was statistically significant, as determined by
the t-test, where the p-value was 0.04.
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Previous studies have also found a decrease in the MOE of rMDF panels [36,45,49].
Thus, when MDF recycling was performed with acid hydrolysis [36], a reduction in the
MOE was reported, by an average of 1.3 times. Lowering the thermal hydrolysis tempera-
ture resulted in a reduction in the MOE values by 1.2 times [49].

That decrease in the MOE may be due to the reduced length of the fibers during
recycling and the presence of spherical structures in the pulp from recycled fibers [10].

The results obtained for the bending strength (MOR) of the rMDF panels are pre-
sented in Figure 5. The MOR values of the rMDF panels, fabricated from recycled wood
fibers obtained at different hydrolysis temperatures and times, ranged from 18.23 to
21.65 N.mm−2. The control MDF panel, fabricated from natural fibers, exhibited a MOR
value of 32.68 N.mm−2; i.e., the panels, manufactured from recycled fibers, had a 34%
lower MOR than the MDF fabricated from the industrial pulp. Compared to the values
reported in other studies, the slightly increased MOR values might be attributed to the
use of MF resin in the adhesive system. However, none of the rMDF panels achieved the
minimum standard requirement of 23 N.mm−2 for general-purpose MDF panels for use in
dry conditions [58]. This shows that, in terms of the bending strength, it is not appropriate
for the MDF panels to be manufactured entirely from recycled fibers. The rMDF panel type
A exhibited the highest MOR value (hydrolysis temperature of 121 ◦C and hydrolysis time
of 30 min), and the lowest MOR value was determined for the panel type F (hydrolysis
temperature of 134 ◦C and hydrolysis time of 60 min). The difference between the MOR
values of these two rMDFs was 16%.

The data showed that hydrolysis temperature affected MOR, while the hydrolysis
time was insignificant.

This also follows the established effect of this factor on the COD values [10]. To note,
wastewater contamination during hydrolysis was not due to a change in the content of the
pentosans. It was, therefore, due to the increased release of extractives, which negatively
affected the MOR values of the rMDF panels fabricated from recycled wood fibers. The
minor change in the MOE should be attributed to the significant influence of the raw
material stiffness on this property. Even though the MOR is primarily determined by the
strength of the bonds between fibers, the hydrolysis mode has a more significant impact.
Regarding the MOR, applying hydrothermal hydrolysis temperatures above 121 ◦C is
not recommended.
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Previous studies [36,45,49] have also reported the decreased MOR values of MDF
panels manufactured from recycled fibers. Thus, with acid hydrolysis [36], the reported
decrease was nearly three times. In hydrothermal hydrolysis, the established decrease
was 1.3 times [45]. Lowering the process temperature resulted in a MOR decrease of
1.13 times [49]. The reduced content of the hemicelluloses can explain the significant
decrease in the MOR in chemical hydrolysis.

The results obtained for the internal bond (IB) strength of laboratory MDF panels are
presented in Figure 6. The IB values of the rMDF panels varied from 0.50 to 0.59 N.mm−2,
representing a total variation of 18%. Again, two main groups related to hydrolysis
temperature stand out in those types of MDF panels. The highest IB value was determined
for the rMDF panel type A (hydrolysis temperature of 121 ◦C and hydrolysis time of
30 min) and the lowest IB value for the rMDF type F (hydrolysis temperature of 134 ◦C
and hydrolysis time of 60 min). In the investigated temperature range, increasing the
hydrolysis temperature above 121 ◦C (saturated steam pressure of 0.2 MPa) is unjustified
and undesirable.
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The reference MDF panel, fabricated from industrial pulp, exhibited an IB strength of
0.78 N.mm−2 or 31% higher than the rMDF type A.

None of the rMDF panels fabricated from recycled wood fibers fulfilled the require-
ments of EN-622-5 [58] in terms of the IB strength (no less than 0.65 N.mm−2).

The IB results obtained align with the findings reported in previous studies on MDF
recycling [36,45,49]. Thus, with acid hydrolysis, the decrease in the IB strength was nearly
two times [36]. However, no such decrease was reported when hydrothermal hydrolysis
was used [45,49], and even a slight improvement in this property was observed. The
improvement in the IB strength [45] is explained by the depolymerization of the hemicellu-
loses (due to the applied elevated time or temperature), the products of which perform an
auxiliary binding function. While in the research by [49], rMDFs had a slightly increased
density, strongly influencing the IB strength, in the present study, a method was used to
fabricate MDF panels with similar densities, and the applied hydrolysis temperature did
not lead to changes in the hemicelluloses [10], which is why the effects described above
were not observed.

A graphical representation of the formaldehyde content of the laboratory MDF panels,
determined by the perforator method, is presented in Figure 7.
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Figure 7. Formaldehyde content of the MDF panels produced.

As seen from the results obtained, there was almost no difference in the formaldehyde
content of the rMDF panels. These results demonstrated that even at a hydrolysis tem-
perature of 121 ◦C and a hydrolysis time of 30 min, the UF resin was depolymerized to
amino compounds, fulfilling the role of a formaldehyde scavenger. Such amino compounds
were found in the study by Savov et al. [10]. The absence of a subsequent decrease in the
formaldehyde content with an increase in the temperature and time of hydrolysis indicated
that the following changes in the composition of the fibers were not related to the hydrolysis
of the resin but to a change in their other components.

The rMDF panels exhibited about a 1.6 times lower formaldehyde content than the
reference panel fabricated from the industrial pulp (REF MDF). That is an indirect indicator
for the amino compounds formed due to the destruction of UF resin in the recycled fibers.

A decrease in the formaldehyde content ranging from 1.25 to 2.7 times was also
reported in the studies [36,45]. In [49], no reduction in the formaldehyde contents was
observed, but in that study, the hydrolysis was carried out at temperatures below 100 ◦C.

Markedly, none of the rMDF panels fabricated in the present study fulfilled the
requirements of EN 622-5 for TS, MOR, and IB strength [58]. That suggests that it is not
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appropriate to fabricate MDF panels entirely from recycled fibers, but a solution should
be sought by combining recycled and natural fibers. The cluster analysis based on all the
properties measured in the present study demonstrated a distinct grouping of the panels
produced with natural fibers (REF) from the six other panels fabricated with recycled fibers
(Figure 8). Moreover, the clusters of the six panels produced with recycled fibers were
also distinctly arranged, mainly based on the hydrolysis temperature rather than the three
different hydrolysis durations (30, 45, and 60 min). That implied a higher impact of the
hydrolysis temperature than hydrolysis duration on the overall properties of the panels.
However, some similarities might have been observed between the treatments of the two
durations when a particular property was considered (for instance, MOE values).
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Figure 8. Cluster analysis based on all physical and mechanical properties.

High and statistically significant correlation values were found between the phys-
ical and mechanical properties (including the density, WA, TS, MOR, MOE, and IB)
(Figure 9A–C). This demonstrated that using recycled fibers had similar deteriorating
effects on nearly all the properties. However, the formaldehyde values showed a lower
correlation with most of the abovementioned properties. This lower correlation can be
considered as corroborating evidence of the effect of the formation of amino compounds,
indicating that the amino compounds acted as formaldehyde scavengers (as discussed
above) and had an outstanding impact on formaldehyde emission. Still, they had little effect
on other measured properties (Figure 10A). This lower correlation can also be observed in
the discrepancy in the center of the contour and surface plots (Figure 10B,C).
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4. Conclusions

As a result of the study, it was found that, with the applied hydrothermal hydrolysis
regimes, none of the rMDFs met the European standard requirements regarding the TS,
MOR, and IB strength values. Moreover, all the physical and mechanical properties of the
rMDF panels, produced in the laboratory from recycled wood fibers, were inferior com-
pared to those of the MDF panels fabricated from industrial pulp. It was established that,
to the highest degree, the rMDFs retained their MOE, as the most significant deterioration
was observed in the IB strength. The considerable decrease in the IB strength was due to
the reduced slenderness of the recycled fibers and the formation of spherical structures in
the pulp. This, in turn, led to a reduction in both the adhesive and cohesive bonds in the
panels. However, the rMDF exhibited a significantly lower formaldehyde content than the
reference MDF panel fabricated from industrially produced pulp, due to the presence of
amino compounds resulting from the depolymerization of the UF resin. No subsequent
decrease in the formaldehyde content with increasing hydrolysis temperature or time was
observed. This demonstrates that the disintegration of the resin and formation of amino
compounds can be achieved at a hydrolysis temperature of 121 ◦C and a process time of
30 min.
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The hydrolysis temperature significantly affected the physical and mechanical proper-
ties of the rMDF panels. Increasing the hydrothermal temperature from 121 ◦C to 134 ◦C
resulted in deteriorated rMDF properties.

Based on the results obtained, it can be concluded that the optimal hydrolysis regime
was determined at a hydrolysis temperature of 121 ◦C and a time of 30 min. It is particularly
encouraging that no significant difference was reported in the density profiles of the
rMDF and MDF panels fabricated from the industrial pulp. However, manufacturing
fiberboard panels entirely from recycled fibers is not recommended due to the substantial
deterioration of their physical and mechanical properties. Future studies should optimize
the hot-pressing regimes and the ratio between the recycled and natural wood fibers
to achieve the optimal performance and compliance of panels’ characteristics with the
standard requirements.
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