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ABSTRACT

Recycling Medium-Density Fiberboard panels is a significant challenge and is not a wide-
spread industry practice. Given the reduced costs, the methods for recycling this material with
hydrothermal hydrolysis of the resins are more promising than those with acid hydrolysis. De-
spite the considerable amount of research on the topic, the effect of the hydrolysis regime on
the stiffness and deformation at the bending load of recycled MDF panels (rMDF) remains
limited.

In the present work was conducted a study on the effect of hydrothermal hydrolysis regime,
with a variation in temperature from 121°C (saturated steam pressure 0.2 MPa) to 134° (satu-
rated steam pressure 0.3 MPa) and the hydrolysis time from 30 min to 60 min on the stiffness
and deformation behaviour of rMDF. It was found that the stiffness of the panels was not sig-
nificantly affected by the hydrolysis regime, but the rMDF had about ten per cent less stiffness
than the control panel from natural fibres. It was determined that the optimal hydrolysis regime
is at 121° and has a processing time of 30 minutes. Concerning the investigated rMDF charac-
teristics, the panels are not recommended to be composed entirely of recycled fibres.

Key words: recycled Medium-Density Fibreboards (rMDF), hydrothermal hydrolysis, stiffness, bending
deformation.

INTRODUCTION million m? of waste material in 2027. The re-
cycling of MDF panels presents a significant
challenge, and unlike the recycling of parti-
cleboards, it is not a widespread manufactur-
ing practice (Ihnat, V. et al. 2017; Antov, P.

Globally, the production of fibreboards
is the second largest wood-based panel pro-
duction after that of veneer and plywood
(FAO). Medium-Density Fibreboard (MDF) 0
panels are increasingly displacing parti- and Savov, V. 2019; Izdinsky, J. et al. 2020;

cleboards in many fields of application (Hui, Sal.a, C. M. and Kowa}uk, Gr. 2020). That 1
W. et al. 2014). On the other hand, the goal mainly due to the cutting of fibres during re-
’ cycling and spherical fibre structures present

in recycled MDF (rMDF). Because of that,
preliminary preparation of the material
should be carried out with hydrolysis of the
resin (Lubis, M. A. R. et al. 2018; Biitiin
Buschalsky, F.Y. et al. 2021). The main type
of resin used in the production of MDF is

of the European Commission is that by 2030,
up to 80% of the raw material for wood-based
panels will be composed of recycled wood.
In addition, in many EU countries, it is for-
bidden to dispose of wood-based panels in
general landfills (Irle, M. et al. 2019). Ac-
cording to Irle, M. et al., by five years, about . .
40% of the MDFs produced end their life cy- ~ rea-formaldehyde (UF) resin, which has
cle (Irle, M. et al. 2019). Considering that the pract1ca1'1y no resistance to hydrolysis
total amount of MDF made globally for 2022 (Mantanis, G. L. et al. 2017; Hagel, S. and
was 111 million.m? (FAO), we will have 44.4
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Saake, B. 2020; Hagel, S. et al. 2021). Hy-
drolysis can be chemical (acidic), hydrother-
mal or using electrolysis (Moezzipour, B. et
al. 2017; Moezzipour, B. et al. 2018; Lubis,
M. A.Retal. 2021). Electrolysis gives excel-
lent results but is generally expensive, mak-
ing it difficult for industrial applications.
With acid hydrolysis, the process is acceler-
ated significantly. Still, the method is more
costly due to the use of chemical reagents.
Another disadvantage of chemical hydrolysis
is the possibility of affecting the hemicellu-
loses. Hydrothermal hydrolysis is character-
ized by extended processing time, but this
method is relatively cheap and does not affect
the main wood components.

Despite the considerable amount of re-
search on the recycling of MDF panels, data
on the stiffness of rMDF and its bending de-
formation behaviour are limited. These mate-
rial characteristics are of primary importance
regarding applicability to structural elements

(Simeonova, R. et al. 2015; Jivkov, V. et al.
2021; Petrova, B. et al. 2023).

The present study aims to determine the
stiffness and deformation at the bending of
rMDF fabricated from fibres recycled at dif-
ferent hydrolysis regimes.

MATERIALS AND METHODS

For the study, industrially produced
from Kronospan Bulgaria EOOD (Veliko
Tarnovo, Bulgaria), MDF panels were recy-
cled by hydrothermal hydrolysis. The hydrol-
ysis was carried out at temperatures of 121°C
and 134°C hydrolysis, and the processing
times were 30, 45 and 60 min. Hydrothermal
hydrolysis was performed on a TS 14 B+ au-
toclave (Cixi Tonsor Medical Instrument 146
Co., Ltd., Ningbo, Zhejiang, China).

Six panels were fabricated from recy-
cled under different regimes of hydrothermal
hydrolysis fibres, and a control panel from
the industrial pulp was also manufactured
(Table 1).

Table 1: Experimental plan

Panel Type Target density p, kg.m Hydrolysis temperature 7, °C Hydrolysis time 7, 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 Asplund thermomechanical method
was used to fabricate the industrial pulp using
a Defibrator L56 (Valmet, Stockholm, Swe-
den) at Kronospan Bulgaria EOOD (Veliko
Tarnovo, Bulgaria). The pulp was from
mixed wood raw materials - 40% hardwoods
(beech and Turkish oak) and 60% softwoods
(spruce and pine). The fibres from the indus-
trial pulp have a moisture content (MC) of
11%, and the recycled ones were with 10%
MC. Precisely because of the significant con-

tent of hardwood and to increase the com-
pression ratio, the target density of the panels
was chosen to be 780 kg.m™.

The adhesive system comprised 90%
urea-formaldehyde (UF) resin and 10% mel-
amine-formaldehyde (MF) resin. The addi-
tion of MF resin is mainly aimed at improv-
ing the waterproof properties of the panels
and partially improving their mechanical
properties. Both binders are prepared to a so-
lution with a concentration of 50%. The UF
resin had a molar ratio of 1.0 and a dynamic
viscosity of 23.76 = 0.52 MPa.s. The MF
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resin had a molar ratio of 1.76 and a dynamic
viscosity of 21+0.76 MPa.s. As a hardener,
ammonium sulfate was used in a content of
1% relative to the dry resin. Ammonium sul-
fate was introduced into the adhesive system
as a solution with a concentration of 30%. As
a waterproof substance, wax (paraffin emul-
sion) was used in a content of 1% relative to
dry fibres. The wax emulsion was added at a
concentration of 50%.

The fibres were glued in a laboratory
blender with needle-shaped blades (proto-
type, University of Forestry, BG). The
blender had a rotation speed of 850 rpm. The
adhesive solutions and wax emulsion were
sprayed through a 1.5 mm nozzle.

The hot-pressing process was done us-
ing a laboratory hydraulic press (PMC ST
100, Italy). The hot-pressing temperature was
175°C, and the press factor was 30 s.mm™.

The four-stage pressing regime was ap-
plied: In the first stage, the pressure was in-
creased to 4 MPa (15% of the press cycle); in
the second stage, it was decreased to 1.2 MPa
(15% of the press time); in the third stage, the
pressure was 0.8 MPa (60% of the press
time). The fourth pressing period was at a
pressure of 1.5 MPa (10% of the press time).
The press factor applied was 30 s.mm’'.

The properties of the rMDF panels were
determined by the relevant European Norms
(EN 310:1999; EN 323:2001). The mechani-
cal properties were determined by a universal
testing machine, WDW — 50E, manufactured
by the HST company, China, 2022.

The stiffness at bending, S;,, of MDF
panels was determined by the Yosifov-Delin
formula (Yosifov, N. and Delin, S. 2014):

S¢ = L. Epy, N.mm?, 1)

where /, is the areal moment of inertia,
mm?;

E»n — modulus of elasticity at bending,
N.mm™.

In turn, the area moment of inertia for
the specific case, moment of inertia for a test
sample with a rectangular cross-section rela-
tive to an axis of symmetry parallel to its side,

is calculated by the formula:
I, = —, mm”, 2)

where b is the width of the specimen,
mm;
t — thickness of the specimen, mm.

RESULTS AND ANALYSIS

The density of the laboratory-produced
MDF panels varied from 776 kg.m™ to
797 kg.m?. The values of that property are
very close to the target density, with a maxi-
mum difference of 2.7% or significantly be-
low the statistical error of 5%. Therefore, it
can be assumed that the panels have the same
density, and this main characteristic of the
materials will not affect the other properties
of MDF panels.

The variation in the stiffness of the MDF
panels depending on the hydrolysis regime is
presented in Figure 1.
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Figure 1: Stiffness of fibreboard panels

The stiffness of rMDF panels varies
from 2906*10° to 3012*10° N.mm™. At that
property, the difference between individual
rMDF panels is only 3.6%. Therefore, in
terms of their stiffness, the panels are unaf-
fected by the hydrolysis regime. That sug-
gests that the optimal hydrolysis regime is at
121°C and has a processing time of 30
minutes. The stiffness of fabricated MDF
from industrial pulp is 3311*10° or 10%

09

higher than that of rMDF panels. The data
suggest that the panels from recycled raw
material retain their stiffness to a significant
extent. That could be explained by the un-
changed composition of the fibres recycled
by hydrothermal hydrolysis (Savov, V. et al.
2023).

The deformation behaviour during the
bending load of the MDF panels is presented
in Figure 2.
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Figure 2: Deformation at the bending load of fiberboard panels
A) Panel type A; B) Panel type B; C) Panel type C; D) Panel type D; E) Panel type E; F) Panel type F;
G) REF



76 CHRISTIAN PANCHEYV, VIKTOR SAVOV

When analyzing the Stress-Strain curves,
it is found that the panels with recycled fibres
take the stress of up to 0.9 N.mm before their
failure. The control panel fabricated from
natural fibrec can take maximum stress up to
1.2 N.mm before failure. That is, the maxi-
mum stress of the control MDF is 33% higher
than that of the Type A panel from recycled
fibres. This rMDF panel has the highest ulti-
mate stress resistance of all the fibreboard
panels produced with recycled fibres. The
Type F panels break at the lowest stress — an
average of 0.5 N.mm™. This panel type has a
1.8 times lower load capacity than the Type
A panel. That leads to a conclusion about the
negative effect of increased hydrolysis tem-
perature and processing time on the proper-
ties of recycled fibreboards.

On average, the pre-failure strain of the
control panel was 12%+14%, while that of
the rMDFs was between 6% and 8%. Accord-
ingly, the stress-strain ratio was 0.79 for the
control panel and only about 0.1 for the fibre-
boards from recycled fibres.

CONCLUSIONS

As a result of the study, it was estab-
lished that the panels fabricated from recy-
cled fibres through hydrothermal hydrolysis
retain their stiffness to a significant extent. In
relation to this property, only a ten per cent
drop was recorded compared to the control
panel fabricated from industrial pulp. No sig-
nificant effect of the hydrolysis regime at the
selected process parameters on the stiffness
of tMDF panels was found.

Regarding the bending deformation, it
was found that increasing the hydrolysis time
and especially the hydrolysis temperature
leads to a decrease in the load-carrying ca-
pacity of the panels. It was found that panels
fabricated from recycled fibres have between
1.33 and 2.2 times lower load capacity than
those made from natural fibres.

Therefore, as the main conclusions and
contribution of the research, it should be
stated that a hydrolysis regime with a temper-
ature of 121°C and a processing time of 30
minutes was found to be optimal regarding
the stiffness and bending deformation of the
panels. It was also established that it is not
advisable that MDF panels be entirely com-
posed of recycled fibres.
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