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Abstract

One of the main disadvantages of medium density fibreboards (MDF) in comparison with particleboards is the
higher price of the panels, due to the energy-intensive defibration process.

Studies on the possibilities for replacing a part of the wood fibre mass in the composition of MDF with coniferous
sawmill residues (shavings) obtained from bandsaw, are presented in this article. The experimental plan is
designed using the McLean and Anderson method for studying the properties of multi-component systems in
the presence of constraints on the components. The content of coniferous wood shavings varies up to 40%. The
panels are manufactured with a density of 720 kg.m?. The content of urea-formaldehyde resin varies from 8 to
14% in order to compensate the negative effect of the inclusion of coniferous wood shavings in the composition
of the manufactured MDF panels. The main exploitation properties of the panels are determined. Experimental
and statistical models on the influence of the studied factors are obtained by applying stepwise regression and
optimization is performed in order to acquire the best exploitation properties of MDF panels.

As aresult of the study it was determined that in order to achieve the values of MDF properties, required by the
respective standards, the maximum permissible content of coniferous wood shavings should be up to 10.6%, in
which case the content of urea-formaldehyde resin should be above 10%. If the content of urea-formaldehyde
resin is below 10%, the maximum permissible content of coniferous wood shavings should be up to 5%.

Keywords: medium-density fibreboards (MDF), wood fibre mass, coniferous wood residues, statistical models

1.INTRODUCTION

The principles embedded in the circular economy are now

emphasized in almost all manufacturing processes and pro-

duct design. This has introduced several innovative concep-
ts i.e. the bioeconomy, the bio-based society and the green
economy that are now changing the strategic planning of

many industrial companies [16].

The woodworking and furniture industries represent a sus-

tainable, innovative and environmental economic sector,
using a natural and renewable raw material and thus play a |
vital role in the development of green economy. Nowadays :
these wood-based industries, including the fibreboard sec-
tor, are facing an increased competition for wood resources

from the renewable energy sector, due to the current legisla-

tive measures for promoting the use of wood for producing
bioenergy to meet the respective renewable energy targets :
and by the development of innovative bio-based products :
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[14]. Maximization of resource efficiency is a key objective
to implement a circular economy and to face the challenges
of increased demand for wood and wood-based products.
To meet these demands sustainably requires action in a va-
riety of areas, from the sustainable management of forests,
to the more resource efficient use of wood in society. One of
the leading principles is the so-called cascading use of wood
resources: “‘the efficient utilisation of resources by using resi-
dues and recycled materials for material use to extend total
biomass availability within a given system” [21].

The wood-based industries produce significant amounts of
waste and residues. According to some authors [13] 26 mil-
lion tonnes of post-consumer wood (wood products that are
disposed at the end of their life cycle, e.g. wooden furniture,
window frames and wood-based panels, packaging, doors,
windows, various construction materials, etc.) was genera-
ted in Europe in 2010. Taking into account these figures it is
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important to create different applications for the previous
waste and residue materials while considering environmen-
tal and economic factors. Large quantities of wood wastes
are also produced in the course of primary and secondary
wood processing, including bark, sawmill shavings, slabs,

waste, sometimes called wood processing residues, are pro-
duced at industrial facilities and are easily collectable and
reusable as feedstock for wood-based composite industry
[7; 17; 20]. The total amount of wood processing residues in
the EU28 was 178.7 Mm® in 2010, of which 82.3 Mm® were
sawmill residues [21]. These residues represent an untreated
and clean wood resource that can be used materially in the
pulp and panel industry. The industrial reuse of wood re-
sources will contribute greatly to the supply of raw material
and will enhance the competitiveness of wood-based com-
posite materials.

Fibreboards are a composite wood-based material with a
dispersed phase of wood fibres and a composite matrix pha-
se formed by the adhesion and cohesion bonds of the panels
(1; 3].

Fibreboard production ranks second of all wood-based
composites worldwide, outpaced only by the production
of plywood and glued-laminated timber. The growth in the
production of fibreboards for the period 2011 - 2015 was
45%, due mainly to the increased production of MDF panels,
which accounted for 80% of the total production of fibrebo-
ards [30].

The defibraiton (disintegration of wood to free fibres) is one

this type of wood-based panels and has an important role
in forming the final product costs [6; 9; 15]. Therefore, the
design of exploitation properties of panels can be effectively
performed by regulating the parameter values of the wood
fibre mass incoming to the upper flow [8; 19]. When de-
termining the raw material characteristics both the impact
on the exploitation properties and production costs should
be taken into consideration [12]. The reduction of product
costs can be achieved by including wood industry residues
in the composition of panels which do not need to go th-
rough the defibration process. The wood shavings, resulting
from the primary and secondary wood processing with a
bandsaw, represent a typical raw material for that purpose

(2].

At present this type of wood processing waste and residu-
es is mainly used in the production of wood pellets [4] and
briquettes [11;18], as well as in the wood chemical industry
for production of bioethanol [10]. It should be noted that
the possibilities for utilization of wood shavings in one of the
fastest-growing industries, namely the production of MDF
panels, has not been sufficiently studied yet.

The adhesion bonds are of great importance in the producti-
on of fibreboards by dry processing method [5; 8]. The active
area of contact between the fibres is reduced by including

i wood shavings in the composition of fibreboards, which can
i be compensated to some extent by increasing the bonding
i agent content.

The use of soft wood from deciduous tree species is recom-
Focuts. reiect d chi d dust. These ¢ ¢ i mended in the production of panels by dry processing met-
OTCUES, TEjects, Wood ChpS and saw Cust. 11€se Types o i hod. The most widely used bonding agent is the urea-for-

i maldehyde resin [5].

! The present research is aimed at studying the possibilities of
replacing a part of the wood fibre mass in the composition
of combined medium density fibreboards (MDF) manufac-
i tured from poplar (Populus alba 1.) with coniferous sawmill
residues (shavings) from Scots pine (Pinus sylvestris L.) and
the respective influence on the exploitation properties of the
! panels.

2. MATERIALS AND METHODS

The combined medium density fibreboards (MDF) were
i produced in laboratory conditions from wood fibre mass
and coniferous sawmill residues (shavings). The wood fibre
mass was obtained in factory conditions according to the
i Asplund method by using the Defibrator L-46 equipment.
i The wood fibre mass had a pulp freeness of 11° ShR and a
bulk density of 29 kg.m=.

The coniferous wood shavings had a bulk density of 145
i kg.m?. The fractional composition was as follows: fraction
i over 2.0 — 1.24%; fraction 2.0/1.0 — 25.71%; fraction 1.0/0.8
— 6.67%; fraction 0.8/0.5 — 34.2%; fraction 0.5/0.315 — 19.0%;
{ fraction 0.315/0.2 — 9.25%; saw dust — 3.94%.

. . . . . The wood shavings and fibres were dried to the uniform
of the most energy-intensive processes in the production of : i
i moisture content of 6%.

i The studies on the influence of the composition on the ex-
ploitation properties of combined fibreboards manufac-
i tured with coniferous wood shavings were implemented by
i applying the simplex grid experimental plans with a two-
© fold constraint of the factors using the McLean and Ander-
son method [22]. The experimental matrix is presented in
i Table 1.

Table 1. Matrix of the experiments

N2 | Wood shavings = Content of urea-for- | Content of fibres in absolute

content maldehyde resin dry state
X, X, X,
1. 0.4 0.14 0.46
2. 0 0.08 0.92
3. 0.4 0.08 0.52
4. 0 0.14 0.86
5. 0.2 0.11 0.69
6. 0 0.11 0.89
7. 0.2 0.14 0.66
8. 0.2 0.08 0.72

i The area of factor variation, corresponding to the above
i matrix, is presented on Fig. 1.

! The panels were manufactured with a density of 720 kg.m=.
i The content of coniferous wood shavings was altered from 0
i to 40%. The content of urea-formaldehyde resin was altered
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Table 2. Results for the exploitation properties of combined fibreboards

Ne Content of wood Content of
shavings X, urea-formaldehy-
de resin
XZ
1. 0.4 0.14
2. 0 0.08
3. 0.4 0.08
4. 0 0.14
5. 0.2 0.11
6. 0 0.11
7. 0.2 0.14
8. 0.2 0.08

Content of fibres
in absolute dry
state
X3
0.46
0.92
0.52
0.86
0.69
0.89
0.66
0.72

Bending strength

f

N.mm™

16.93
21.55
14.15
24.22
20.43
25.35
19.68
17.01

Internal bond
strength
f, N.omm?

0.37
0.21
0.26
0.32
0.25
0.38
0.40
0.23

Swelling in

thickness
G, %

22.68
25.87
25.84
19.49
26.28
19.74
21.56
28.07

Water absorption
A%

84.77
60.26
100.03
50.73
79.81
37.37
58.83
101.20

Table 3. Regression models for determining the influence of coniferous wood shavings and urea-formaldehyde resin on the exploitation properties of
combined fibreboards

Property Bending strength Internal bond strength Swelling in thickness Water absorption A, %
f,, Nomm f, N/mm? Gt, %
Coefficient B, -48.729 0.595 - 82.098
Coefficient B, -3548.362 - 52.246 -242.394
Coefficient B, -31.044 - 36.146 85.524
Coefficient B 4705.522 - - -
Coefficient B, - -0.465 50.000 226.065
Coefficient B23 4572.727 3.206 -146.805 =
Coefficient B . -320.826 - - -
Determination coefficient R? 0.985 0.610 0.861 0.865
Calculated value of the Fisher criterion F_ 28.012 6.791 9.010 8.497
Critical value of the Fisher criterion F_ 19.296 5.786 6.591 6.591

from 8 to 14% in order to compensate the negative impact of

the inclusion of coniferous wood shavings in the compositi-
on of the manufactured MDF panels.

X3 ™

Fig. 1 Area of factor variation applying two-fold factor constraints for
studying the influence of composition on the exploitation properties of
combined fibreboards manufactured with coniferous wood shavings

The paraffin content was 1% of the absolutely dry wood. The
additives were added for a period of 50 s by using a labora-
tory mixer at the speed of 850 min'. The pressing was per-
formed on a laboratory press PMS CT 100, Italy. The hot
pressing factor was 30 s.mm™ of the panel thickness. The
panels were manufactured with a thickness of 8 mm. The
pressing temperature was 200° C. The hot pressing regime
was as follows: I stage - pressure P = 4 MPa (15% of the
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whole cycle); II stage - pressure P = 2.0 MPa (15% of the
whole cycle); III stage - pressure P = 0.8 MPa (50% of the
whole cycle); IV stage - pressure P = 1.5 MPa (20% of the
whole cycle).

The combined fibreboards were manufactured in laborato-
ry conditions within the specified constraints. The proper-
ties of the panels were determined in accordance with the
requirements of the applicable European standards in the
respective field [23; 24; 25; 26; 27; 28]. The internal bond
strength is determined to trace the bonding quality between
the fibrous elements and between the fiber elements and the
wood shavings.

The data was processed using specialized software
(QstatLab) and stepwise regression at 1000 interactions
was applied for determining the optimal values of the panel
components.

3. RESULTS AND DISCUSSION

The summarized results for the exploitation properties of
combined fibreboards with variation of the values (levels)
of the coniferous wood shavings and urea-formaldehyde re-
sin in accordance with the adopted experimental matrix are
presented in Table 2.

The determination coefficient is used as a measure for de-
termination of the approximation. The values of the regres-
sion coefficients, determination coefficient, calculated (F, )
and critical (F) value of the Fisher criterion, showing the
regression models about the influence of the composition
on the different exploitation properties of combined fibre-

boards, are presented in Table 3.
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3.1 Analysis of the obtained experimental results for the
bending strength of the panels

The influence of coniferous wood shavings and urea-form-
aldehyde resin on the exploitation properties of combined
fibreboards manufactured of poplar and coniferous wood
shavings is presented on Figure 2. By increasing the per-
centage of coniferous wood shavings up to 40% and reduc-
ing the content of urea-formaldehyde resin from 14 to 8%,
a decrease of the bending strength values of the combined
fibreboards is determined — from 25.3 to 14.2 N.mm?, i.e.
as the result of the content variation of the boards there is a
significant, more than 1.8 times, change in bending strength
of the panels.

The optimal (maximum) value of the bending strength with
a planned constraint of 23 N.mm™ [29] for the value of the
property which corresponds to the standard requirements
for MDF panels with a predetermined board thickness is
presented on the figure. The maximum value is reported
at 11.59% urea-formaldehyde content, 0% wood shavings
content and 88.38% content of poplar wood fibres. In order
to achieve the requirements for the bending strength of fi-
breboards, the content of coniferous wood shavings can be
increased up to 26% while the urea-formaldehyde content
should be above 12%. When the binder content is 8%, the
requirements for the bending strength of the panels could
be achieved at the maximum permissible content of wood
shavings up to 5%.

If the wood shavings content is increased above 10%, a signi-
ficant deterioration of the bending strength values is obser-
ved which should be compensated by an increased binder
content.

275

-2

N
o
Bending strength fin, N.mm
/lines of constant levels/

15

0230 0322

Content of shavings

Fig. 2 “Composition-property” diagram for the bending strength of com-
bined fibreboards manufactured with coniferous wood shavings

3.2 Analysis of the obtained experimental results for the
internal bond strength of the panels

The graphical interpretation of the results for the influence
of the composition on the internal bond strength of com-
bined fibreboards manufactured of poplar wood and conif-
erous wood shavings is presented on Figure 3. The rage of
variation of the examined property at the different panel

compositions is from 0.21 to 0.40 N.mm?, i.e. the internal
bond strength is decreased 1.9 times. The optimal (maxi-
mum) value of the internal bond strength of the manu-
factured combined fibreboards is also presented on the
figure. The maximum value is determined at 14% content
of urea-formaldehyde resin and without wood shavings in
the composition of the panels. The greatest gradient of the
property decrease is determined when increasing the wood

i shavings content above 10% and reducing the urea-formal-

dehyde content below 12%, respectively (transition to the
orange zone of the graph).

0375

2

03

0325

- 03

0275

Internal bond strength f#, N.mm
/lines of constant levels/

025

0225

0.000 0f 013 00 o2 0414
Content of shavings
Fig. 3 “Composition-property” diagram for the internal bond strength of

the combined fibreboards manufactured with coniferous wood shavings

3.3 Analysis of the obtained experimental results for the
swelling in thickness and water absorption of the panels

The graphical interpretation of the dependence of the swel-

ling in thickness of combined fibreboards manufactured of
¢ poplar wood and coniferous wood shavings is presented on

Figure 4 by the “composition-property” diagram. The swel-
ling in thickness of the panels varies from 19.5 to 28% within
the studied range of factor variation, i.e. the swelling in thi-
ckness of the panels deteriorates 1.4 times by the increased
content of coniferous wood shavings. The minimum value of
the examined property is determined at 14% binder content
and without coniferous wood shavings.

N
Swelling in thicknesses Gt, %

/lines of constant levels/

0.000 f a1 0230 032 044

Content of shavings

Fig. 4 “Composition-property” diagram for the swelling in thickness of
the combined fibreboards manufactured with coniferous wood shavings
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Upon analysis of the regression model and the graph, a
distinct deterioration (increase) of the studied property is
observed with the increase of wood shavings content above
10% and reduction of the bonding agent content below 12%
(transition from the dark to light blue area of the graph).

The graphical representation of the influence of the panel
composition on the water absorption of the panels is shown
on Figure 5.

8

A
Water absorbtion 4, %
/lines of constant levels/

3

0184 0’ 0% 0480
0.000 0001» 023 032 0414
0.046 Content of shavings

Fig.5 Composition-property” diagram for the water absorption of the
combined fibreboards manufactured with coniferous wood shavings

The water absorption of the panels varies within the range

from 101.2 to 37.4 %. The most significant deterioration of

all studied exploitation properties is determined for the wa-
ter absorption (2.7 times) as the result of the addition of co-
niferous wood shavings and reduction of the binder content.

The optimal value of the property is obtained at 14% content
of urea-formaldehyde resin without the inclusion of wood
shavings.

Regarding the water absorption of the panels two main di-
viding values of the wood shavings content are determined,
after which a significant deterioration or increase of the va-
lues of the studied property is reported. The first significant
increase of the gradient is observed after exceeding the value
of 10% wood shavings content and the second one — above
26% wood shavings content. As for the binder content a sig-
nificant deterioration of the values of the water absorption
is determined at reduction below 12%.

4. CONCLUSIONS

After conducting the present research and analysing the
obtained experimental results for the influence of the com-
position on the exploitation properties of combined fibre-
boards manufactured of poplar wood and coniferous wood
shavings, the following main conclusions can be drawn:

1) A significant deterioration of the studied exploitation
properties of the panels is determined after including
coniferous wood shavings in the composition of poplar
fibreboards due to the decreased area of active contact
between the fibrous elements;

2) As aresult of the variation of coniferous wood shavings
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from 0 to 40% and reduction of the urea-formaldehyde
content from 14% to 8%, the decrease in bending strength
and internal bond strength of the panels is almost twice;

3) The negative impact on the swelling in thickness of the
panels, resulting from the increased coniferous wood
shavings content and reduced urea-formaldehyde con-
tent, is 1.4 times; the most significant influence of the
composition of the panels is determined for their water
absorption where a deterioration of 2.7 times is reported;

4) Regarding the influence on the exploitation properties of
combined poplar fibreboards manufactured with conif-
erous wood shavings, the percentage contribution to the
latter should be no more than 26%; after exceeding the
10% wood shavings content the minimum urea-formal-
dehyde content should be 12%;

5) When the urea-formaldehyde content in the composi-
tion of the combined fibreboards is up to 10%, the max-
imum content of coniferous wood shavings should not
exceed 5%.
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