INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 1/2022 (21): 39-46

RECYCLING OF MEDIUM DENSITY FIBREBOARDS - A REVIEW

Christian Panchev, Viktor Savov

University of Forestry, Sofia, Bulgaria
e-mail: christian_panchev@Itu.bg; victor_savov@Itu.bg

ABSTRACT

Production of Medium Density Fibreboards (MDF) is one of the growing woodworking
industries. It has been found that a quarter of the produced MDFs have a life cycle of up to five
years, and by ten years, this amount has increased to fifty percent. There is no established
industrial practice for recycling that type of waste. That, together with the fact that some
countries have banned the dumping of these panels in landfills, poses significant challenges.

There are currently two main research directions on MDF recycling, namely with and
without pre-treatment. In both cases, with an increase in the content of recycled fibres, a
deterioration in the properties of the panels is observed. Still, the share of cut fibres and
formaldehyde emissions from the boards are reduced during the preliminary treatment, mainly

by hydrolysis.

In the present manuscript, a review and analysis of MDF recycling methods are performed.
On that base, conclusions and recommendations are derived.
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INTRODUCTION

The production of fibreboard panels is
one of the sustainable wood processing in-
dustries. The total increase in the production
quantities of this type of material for the pe-
riod 2015 + 2020 is approximately 10%
(FAO). In 2020, worldwide, the production
of fibreboards amounted to 118,111 mil-
lion m3. According to this indicator, the pro-
duction of fibreboard panels ranks second,
after plywood with a total amount of 118,395
million m® and before the production of par-
ticleboards — 101,987 million m2.

The main share of the production of fi-
breboards in 2020 is the production by dry-
process. This type of MDF and Hight Density
Fiberboards (HDF) make up 74% of the total
output. MDF is produced with 6 to 10% con-

tent of binders based on dry fibres. Urea-for-
maldehyde (UF) resin or modified melamine-
urea-formaldehyde (MUF) resin is mainly
used as a binder in that production (Mantanis,
G. I. et al. 2017; Kutnar and Burnard 2014;
Athanassiadou et al. 2015; Sandberg 2016).
That leads to two main shortcomings of
MDF: increased formaldehyde emissions and
difficulties in recycling or disposal of the
panels (Hui, W. et al. 2014; Thn4, V. et al.
2017; Khazipour, A. and Kiies U. 2007).

It should be emphasized that the life cy-
cle of the produced fibreboard panels is from
4 to 50 years (Irle, M. et al., 2019). Disturb-
ing are the data presented in the cited study
that 25% of MDF completes its life cycle up
to 1 year, up to 5 years the share increases to
50%, up to 10 years its life cycle ends 80%
of the panels, and up to 45 years 99%. A com-
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parative analysis of the quantities of pro-
duced MDF and their life cycle can easily
conclude the significant raw material poten-
tial that these waste quantities would repre-
sent, even with single recycling. The newly
MDF will eventually be turned into waste,
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and the rate of that is likely to be rapid in the
first few years and then gradually decline
over time.

The conversion curve used to predict
how much of the waste MDF is generated
each year is shown in Figure. 1.
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Figure 1: MDF life cycle as a percentage of the produced quantity, (Irle, M. et al. 2019)

It is estimated that in the first year, about
a quarter of the production is turned into
waste in the form of clippings, processing er-
rors, losses during transportation and storage,
etc. That assumption is in line with a study by
(Mitchell and Stevens 2009), which found
that only processing waste accounted for
about 18% of MDF. After 45 years, it is as-
sumed that almost all production has become
waste. One can argue for the most appropri-
ate form of the curve between 25% conver-
sion to waste in the first year and 99% after
45 years. In this study, a 4-parameter sym-
metric sigmoidal model was used to generate
a curve so that the average lifespan of all
MDF products was 14 years. Therefore, in-
troducing sustainable production practices to
recycle MDF would lead to the preservation
of valuable wood raw materials (Lykidis, C
and Grigoriou, A. 2008; Kim, M.H. and Song

H.B. 2014, Antov, P. and Savov, V. 2019).
Due to synthetic binders, MDF is prohibited
from incineration in the EU, and individual
efforts are made to prevent this type of waste
from being disposed of in general landfills.
Such a ban already exists in Germany.

It should be noted that the recycling of
particleboards is a widely introduced indus-
trial practice (Michadicl, A. and Boeheme, C.
1995; Michaickly, A. 1997; Izdinsky, J. et al.,
2020;), the recycling of MDF has not yet
been introduced in industrial conditions
(Biitiin Buschalsky, F.Y. and Mai, C., 2020;
Hagel, S. and Saake, B. 2020). The main rea-
son for this is that crucial issues need to be
clarified, such as 1) the proportion of recy-
cled wood fibres involved; 2) whether pre-
liminary preparation and treatment are neces-
sary; 3) whether the parameters of MDF pro-
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duction should be changed, with the partici-
pation of recycled fibres in their composition
and others. In addition, there are explosive
recycling methods, but due to their difficult
applicability in modern MDF production,
they are not very promising.

The directions for MDF recycling can be
summarized in two groups: 1) recycling with
the extraction of binders; 2) recycling with-
out extraction of binders (Ahmadi, M. and
Moezzipour, B., 2019). There are also two
varieties in the second option: obtaining re-
cycled fibres with a change in the regime fac-
tors during defibering; and obtaining recy-
cled fibres without changing the regression
factors (Nuryawan, A. et al., 2020). Whether
other technological and regime factors
should be modified in MDF production with
the participation of recycled fibres in their
composition also remains debatable (Irle, M.
etal., 2019).

This work aims to review and analyze
the methods used so far to recycle waste
MDF.

RECYCLING OF WASTE MDF
WITHOUT PRE-TREATMENT

A study fabricated fibreboard panels
with 5% recycled fibres (Sala et al. 2020). In
this study, the recycling was carried out in the
refiner with steam evaporation at different
pressures - 0.65; 0.90; 1.00; 1.06 MPa and,
respectively, temperatures - 160; 170; 179
and 182°C. The hydrothermal treatment time
was 3.2 min. In that study, there are no con-
ditions for hydrolysis of UF resin, and there-
fore, the manufactured panels are without
resin extraction. It was found that the bulk
density of the pulp of recycled fibres in-
creases with the increase of that indicator.
The overall growth is 7%. Unfortunately, the
lower bulk density at lower temperatures was
due to the cutting of the fibres and not to the

presence of cellulose fibrils. At higher refin-
ing temperatures, a better-quality fiberboard
is fabricated from recycled fibres. It is opti-
mistic that the panels manufactured with 5%
recycled fibres meet the requirements of the
standards.

Regarding formaldehyde emissions, it
was found that there is a decrease in this in-
dicator with increasing refining temperature.
Panels with 5% recycled fibres and a refining
temperature of at least 170°C meet the for-
maldehyde emission requirements of CARB
2 - below 4 mg/100 g, determined by the per-
forator method. The partial degradation of
UF resin explains lower formaldehyde emis-
sions in recycled fibres at higher refining
temperatures.

A study by Mantanis et al. (Mantanis. G.
I. et al. 2004) proposed a new approach to re-
cycling MDF. This study aims to utilize
"higher" levels of waste panels. An ad-
vantage of the study is that the experiments
were conducted in industrial conditions. One
hundred percent of wood raw material panels
and panels with 75% wood raw material and
25% recycled MDF were produced. Additive
'‘A"in 0, 5 and 10% and additive 'B" in 0 and
1% are used for recycled MDF. Unfortu-
nately, the type of these supplements is a
trade secret. It is only stated that additive "A"
is used for cross-linking in the adhesion sys-
tem, and additive "B" is used to improve the
properties of the panels. Most likely, the ad-
ditive "B" is a formaldehyde scavenger. The
25% recycled fibre panels have higher for-
maldehyde emissions than the panels from
natural fibres. Again, after adding the men-
tioned additives, the emissions of formalde-
hyde on the panels with the participation of
recycled and with the participation of natural
fibres are equalized.

Of interest is another study that has fo-
cused on the appearance of MDF and their
machinability (Ormondroyd, G. A. et al.
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2017). This study crushed waste MDFs into
20 x 10 mm cubes, immersed them in water
for 72 hours and performed standard refining.
Panels with natural fibres and those with up
to 20% share of recycled fibres were fabri-
cated. It was found that the participation of
up to 20% of recycled fibres does not impair
the appearance and machinability of the pan-
els.

HYDROTHERMAL RECYCLING
OF WASTE MDF

It has been found that liquid and a solid
fraction are generated by waste MDF evapo-
ration. The liquid fraction contains dissolved
carbohydrates and lignin and a large amount
of nitrogen and acids (acetic and formic). The
acid factor, pH, of the liquid extract is about
8, significantly higher than that of the refin-
ing of natural lignocellulosic raw materials.
That is mainly due to the high amount of am-
monium hydroxide after the decomposition
of the resins. The reuse of separated fibres in
the production of new MDF is the most obvi-
ous possible recycling for this material. How-
ever, due to a combination of effects such as
fibre shortening, changes in the chemical
composition of the fibres and resin residues
found on their surface, there is a significant
deterioration in the mechanical properties of
the panels fabricated from recycled fibres and
those from natural ones (Hagel S, and Saake,
B. 2020; Hagel, S et al. 2021).

The primary type of adhesive in MDF
production is UF resin. Along with many ad-
vantages, this resin has two serious disad-
vantages - high emissions of formaldehyde
and practically no resistance to hydrolysis
(Roffael E. 2002; Roffeal and Kraft, R.
2004). The second disadvantage of UF resin,
namely that it is not resistant to hydrolysis,
becomes an advantage in recycling MDF.
The methods for extracting and separating

UF resin from panels are mainly based on hy-
drolysis (Lubis, M.A.R. et al. 2021). Ana-
lyzes of the coverage of the fibres with UF
resin in the composition of MDF have shown
that there is a significant variation in this in-
dicator. It was found that in the same MDF,
the coverage of the fibres with UF resin is be-
tween 42 and 94%. However, the uneven dis-
tribution contributing to the resin extraction
is that UF resin is readily hydrolyzed in
acidic and humid conditions. In the general
case, hydrolysis joins hydroxyl groups at the
expense of breaking bonds in materials. In
UF resin, the methylene and methylene ester
bonds are broken. It should be emphasized
that hemicelluloses and cellulose are also
susceptible to hydrolysis and concomitant
resin extraction processes.

Hydrolysis with water at a temperature
0f' 40 to 100° C and a duration of 2 to 6 hours
was used in various studies. Hydrolysis in au-
toclaves at a pressure of 0.2 to 1.1 MPa, tem-
peratures in the range of 120 to 180°C, was
also applied, reducing the processing time to
about 5 minutes. The fastest method for hy-
drolysis is the use of boiling with chemical
reagents such as sodium hydroxide (NaOH),
sodium sulfite (Na2SOs), carboxylic acid
(COOH), sulfuric acid (H2SO4) and others. In
these variants, the process duration is re-
duced to 1 = 3 min (Lubis, M.A.R. et al.
2021). Due to the nature of the present work,
the hydrolysis methods used will not be dis-
cussed in more detail here. Still, attention
will be focused on the properties of pulp and
the panels manufactured by different resin
extraction methods.

In a study on the recycling of MDF by
hydrolysis without chemical reagents, the ef-
fect of hydrothermal treatment temperature
was investigated (Moezzipour, B. et al.
2017). In this study, three hydrothermal treat-
ment temperatures were applied - 105, 125
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and 150° C, and the duration at each temper-
ature were 150 minutes. An analysis of the
chemical composition of the fibres recycled
by hydrolysis has shown that they have a
lower content of lignin and hemicelluloses
than natural fibres. As the processing temper-
ature increases, a decrease in the range of
these components is observed. In hemicellu-
loses, there is a decrease of 12% and lignin
by 35%. A relatively significant reduction in
the amounts of these wood components is ob-
served when the tensile temperature in-
creases from 125 to 150° C. It has been found
that resin curing is slower when mixed with
recycled fibres than with recycled fibres.
Natural ones. Increasing the hydrothermal
treatment temperature further prolongs the
polymerization time of UF resin mixed with
recycled fibres. The delay in curing at a recy-
cling temperature of 150 © C and natural fi-
bres is 1.7 times. That is explained by the re-
lease of ammonia and other alkaline products
in the recycling process by hydrolysis, which
leads to an increase in the acid mass factor
and a delay in the polymerization process of
UF resin.

Regarding the swelling in the thickness
of the panels, significant deterioration was
found in the boards of recycled fibres. The
same trend is observed in the bending
strength of the panels. However, the overall
decline with increasing temperature in recy-
cled fiberboards is about 7%. The study's
general conclusion is that it is not very justi-
fied to use recycling without chemical rea-
gents to produce panels only from this type
of fibre. These panels show inferior proper-
ties compared to panels fabricated from nat-
ural fibres. Due to the delay in the hardening
of the resin, the time for hot pressing should
be increased.

Of interest is a study in which electroly-
sis was performed (Moezzipour, B. et al.

2018). Hydrolysis is also essential for com-
parative analysis. Industrially produced MDF
was used, which was crushed with a hammer
mill. The hydrolysis was carried out by
steaming for 150 minutes at a temperature of
105 ° C and a pressure of 0.4 MPa. For elec-
trolysis, the crushed MDF is immersed in
warm water for about 30 minutes and then
mixed with electrolyte (saltwater). In the
analysis of the physical and mechanical prop-
erties of the panels, it was found that the best
(low) values of water absorption and thick-
ness swelling are the panels manufactured
from natural fibres. Immediately after that is
the panel with hydrolysis and natural fibres
(50:50), followed by the panels manufac-
tured from fibres after 2 min. It was found
that the panels fabricated from recycled fi-
bres by electrolysis for 5 min have higher val-
ues of water absorption and swelling than the
board fabricated after hydrothermal treat-
ment. An analysis of formaldehyde emis-
sions showed that recycled fiberboards had
lower formaldehyde emissions. That is ex-
plained by the presence of traces of urea in
them, which further absorb some formalde-
hyde. The overall conclusion from this study
is that recycling after electrolysis is more ap-
propriate than that hydrolysis. Particular at-
tention should be paid to the regime factors
in electrolysis. However, the main drawback
of the study is that no economic assessment
and analysis of the applicability of the meth-
ods used in industrial conditions has been
made. In the general case, using a hydrother-
mal treatment for 150 minutes (hydrolysis) or
electrolysis will lead to a significant increase
in the cost of the production process. How-
ever, in this way, quality boards with formal-
dehyde emissions can be obtained even lower
than those using natural fibres.

Another study (Lubis, M. A. et al. 2018)
examined the influence of the content of re-
cycled fibres in MDF on their properties.
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Waste MDF is subjected to pre-treatment by
hydrolysis, after which a hammer mill and a
disk refiner are used for refining. The param-
eters of the fibres obtained through these two
devices are compared. Panels with UF resin
were produced with the participation of 0, 5,
10, 20, 30, 50 and 100% recycled fibres. It
has been found that, regardless of the second-
ary refining method, all recycled fibres have
shorter fibre lengths and a more significant
amount of cut wood fibres. As a result of the
presence of UF resin in all recycled fibres,
the presence of nitrogen is detected. It has
been found that secondary refining with disk
mills increases the proportion of cut fibres
compared to those manufactured with ham-
mer mills.

CONCLUSIONS

Regardless of how the recycling oc-
curred, the fabricated panels with recycled fi-
bres have worse physical and mechanical
properties than the MDF fabricated with nat-
ural ones. A great advantage in recycling
with the extraction of binders is that the man-
ufactured fibreboard panels have lower for-
maldehyde emissions. That is due to past pro-
cesses and residual products from the hydrol-
ysis of resins. In the reviewed studies with
the application of hydrolysis, the issues of
optimal content of recycled fibres in the pan-
els remain debatable. Most such studies have
not evaluated the feasibility of industrial ap-
plications. In general, it has been found that
it is more appropriate to carry out secondary
refining on hammer mills than disk mills in
the case of hydrolysis. That, however, again
leaves open the question of the industrial ap-
plicability of these methods.

Another option for extracting binders is
electrolysis. With that recycling, MDF panels
can be fabricated with better properties than
hydrolysis, and the low formaldehyde emis-

sions are maintained. But here, too, the ques-
tion remains about the industrial applicability
of the methods given the final cost of produc-
tion. Despite the many problems, the numer-
ous studies on MDF recycling prerequisites
that this will soon become a well-established
industrial practice.
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