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Abstract:

The present paper shows the research conducted for the assessment of magnesium lignosulfonate as
a potential binder for the particleboard manufacturing. Magnesium lignosulfonate (15 wt.%) in a pure state
(as powder) was used first as binder for particleboard manufacturing, and was considered as reference for
the next investigations, where the lignosulfonate was gradually modified by oxidation with hydrogen
peroxide, than by addition of crosslinking agents, such as diphenylmethane diisocyanate (PMDI) in shares
between 1% and 3% of the dry particles weight and glucose (15% of the lignosulfonate content). Mixed
beech wood (30%) and spruce wood (70%) particles were used in the single mat configuration of the
particleboard. Mechanical properties, formaldehyde emission, water absorption and thickness swelling were
investigated for the manufactured panels in the laboratory conditions. The results showed that the oxidation
process of lignosulfonate and addition of PMDI and glucose have positive impact on lowering formaldehyde
emission and improving mechanical properties requested by EN 312 (2004) standard. Water absorption and
thickness swelling tests performed on the samples cut from the experimental panels have shown their low
resistance to water, recommending them to indoor use.

Key words: particleboard; magnesium lignosulfonate; mechanical properties; formaldehyde emission; water
absorption, thickness swelling.

INTRODUCTION

Effective adhesives are recommended to be used in the production of wood-based composites, at a
competitive price, and with the lowest possible formaldehyde emissions. Due to formaldehyde emissions, it
has been shown that formaldehyde-based adhesives are not environmentally friendly products, so solutions
must be found to modify or replace them. The upper limit of formaldehyde emissions set by CARB (California
Air Resources Board) for particleboard panels is 0.09 ppm (https://www.regulations.gov/document/EPA-HOQ-
OPPT-2016-0461-0001). Such regulation established the allowable limits of formaldehyde emissions at a
level with 10 to 20 times lower than those existed 30 years ago (Mantanis et al. 2018) and in a few years the
limits could be lowered and forcing thus the producers to adopt alternative methods in particleboard
manufacturing.

Nowadays the researchers are focused on studying several methods to reduce the formaldehyde
emissions in the wood-based panel industry, and they include the addition of amines in the recipe of urea-
formaldehyde adhesive (Boran et al. 2011), the treatment of covering the surfaces of the panels with paints,
varnishes, use of alternative adhesives: phenol formaldehyde (PF), PMDI, biomass-based adhesives
(Athanassiadou et al. 2009), or application of veneer or synthetic foils (Duan et al. 2015). The most effective
method to be applied for the reduction of formaldehyde emission is the use of scavengers (Boran et al. 2012,
Bertaud et al. 2012; Costa et al. 2014). Bio-scavengers are environmentally friendly solutions to reduce
formaldehyde emissions from panels and include substances, such as tannin, lignin, starch, and soy protein.
Bio-scavengers are natural materials, they can be found in abundance, have a relatively low cost and are
environmentally friendly (Imam et al. 1999). An alternative solution to reduce the formaldehyde content of
adhesives is to replace formaldehyde with other chemicals with similar reactions. These substances include:
glyoxal, dimethoxyethanol, isocyanates, mono- and di-saccharides, glucose, sucrose, epoxy resins, citric
acid, lignin, tannin, soy, etc. These substances promote the formation of intermolecular, covalent or ionic
bonds between polymer chains and they are named crosslinking agents (Solt et al. 2019). One of these
substances is glyoxal, which (Mansouri et al. 2011) has been used it in the production of wood-based panels
(particleboard and plywood), in the composition of the natural adhesive consisting of 50% lignin and glyoxal
(0.5%). All panels have met the requirements of the standards in force regarding the mechanical strengths,
while being completely environmentally friendly. Another crosslinking agent widely used in the field of wood-
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based composites is PMDI. Several researchers (Younessi-Kordkheili and Pizzi 2018) made particleboard
using adhesive based on urea resin and glyoxal addition, synthesized in weak acid conditions. PMDI was
subsequently added to this resin in proportions of 4%, 6% and 8%. According to the results of this research,
the addition of PMDI accelerated the gel time, reduced the water absorption and significantly increased the
mechanical strength of the panels. Sugars (glucose and fructose) which have primary and secondary groups
of alcohol could be crosslinking agents, as few investigations show (Solt et al. 2019). Furfuryl alcohol can be
used in the composition of adhesives, having the ability to crosslink with various monomers. Also, citric acid
and maleic anhydride have the ability to crosslink chains with alcohol groups and can catalyze many
chemical reactions (Solt et al. 2019).

The use of bio-adhesives prepared from natural raw materials, such as lignin, starch, soy or tannin is
more and more recommended in particleboard manufacturing. The studies conducted in the last years were
focused especially on three biopolymers: lignin, starch and plant proteins, but lignin seems to be the most
used one in the experimental researches and industrial trials to manufacture particleboards. Lignin was used
as a partial replacement of phenol (Da Silva et al. 2017, Antov et al. 2020a) up to 40 wt.%. Research work
has been also done to improve the reactivity of lignin as the substitute of phenol in PF resin synthesis by
modifying the chemical structure of lignin and increasing its reactivity by hydroxymethylation (Malutan et al.
2008, Hu et al. 2011, Aro and Fatehi 2017) and by oxidation (Hemmila et al. 2013, Klapiszewski et al. 2017,
Fernandes et al. 2019), hydrogen peroxide being considered to be an environmentally friendly oxidant
(Junghans et al. 2020).

Contribution of lignosulfonates as adhesives in manufacturing engineered wood panels is presented in
several papers (Akhtar et al. 2011, Ghorbani et al. 2016, Aro and Fatehi 2017). Recent research works
(Antov et al. 2020b, Antov et al. 2020c) have shown that magnesium lignosulfonate (15% wt. reported to
wood) is a suitable adhesive for obtaining eco-friendly fibreboards with satisfactory mechanical and physical
properties. This fact constitutes the starting point of the present research on studying the possibility of using
magnesium lignosulfonate (15% wt. reported to wood) as adhesive base for particleboard manufacturing.

OBJECTIVE

The present paper aims to evaluate the mechanical properties, formaldehyde emission and resistance
to water of particleboard made with magnesium lignosulfonate-based adhesives, using several methods to
improve the reactivity of this natural adhesive, such as chemical modification by oxidation with hydrogen
peroxide, and addition of PMDI and glucose, as cross-linkers.

MATERIAL, METHOD, EQUIPMENT

Raw materials were supplied by Kastamonu particleboard manufacturer (Romania), and contained
mixed beech (30%) and spruce (70%) wood particles at a moisture content of around 10%, with a bark
percentage of 5% of the total amount. The granulometric analysis of the particles (coarses and fines) was
performed using the Retsch vibratory sieve shaker machine, made in Germany. For coarse particles, the
vibratory sieve shaker was equipped with five sieves placed from top to the bottom starting with the sieve
with the largest meshes and ending with the finest sieve. For this first determination, sieves with mesh sizes,
in mm, of 4.00 x 4.00, 3.15 x 3.15, 2.00 x 2.00, 1.25 x 1.25 and 1.00 x 1.00 were used. In order to analyze
the fine particles in terms of size distribution, they were screened with the same vibratory sieve shaker, using
sieves with mesh sizes, in mm, of 1.00 x 1.00, 0.80 x 0.80, 0.53 x 0.53, 0.40 x 0.40 and 0.16 x 0.16. Three
samples from each type of particles were selected, each weighing 25 g. The particles were screened for 10
minutes at a frequency of 60 oscillations/min and then collected from each sieve. The participation rate of
the particles, both for the coarse and fine particles are presented in Table 1.

The analysis of the participation rate of the particles fractions showed that a large share belonged to
the particles collected in the sieve with meshes of 1.25mm x 1.25mm (almost 40%), while for the fine
particles the majority ones were collected in the sieve with 1.00mm x 1.00mm mesh size. Therefore, for a
control on the particleboard structures, the particles collected from the sieve with mesh sizes of at least
1.25mm x 1.25mm were considered coarse particles, while for the fine ones, the minimum particle sizes
should be either those collected in the sieve with meshes of 0.53mm x 0.53mm, and the largest in the sieve
with meshes of 1.00mm x 1.00mm.
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Table 1
The participation rate of the particles collected in the sieves, in %

Sieve mesh size, in mm

400x | 3.15x | 2.00 x 1.25 x 1.00x | 0.80x | 0.53x | 0.40x | 0.16 x | Waste
Types of 4.00 3.15 2.00 1.25 1.00 0.80 0.53 0.40 0.16
particles

Coarse 4.8% 2% 28% 38.4% | 15.2% - - - - 11.6%
Fines - - - - 50.4% 12% 18% 11.6% | 6.4% 1.6%
The role in Coarse particles - - -
the
particleboard Fine particles Dt (et veee)
structure

The sizes of both coarse and fine particles were measured and used as input data for the structure of
the experimental particleboard. Thus, for coarse particles the length ranges between 3.7mm and 34.1mm,
the width between 0.9mm and 10.6mm, and the thickness between 0.1mm and 4.1mm. For fine particles,
the maximum measured length was of 19.5mm, the maximum measured width was of 1.7mm and the
maximum measured thickness was of 1.6mm.

Magnesium lignosulfonate (Lignex MG) was used for the preparation of the bio-adhesives for
experimental particleboard manufacturing. Lignex MG was provided by Sappi Biotech GmbH (Dusseldorf,
Germany), in unmodified condition, as powder (Fig. 1a). The appearance of magnesium lignosulfonate is in
the form of a yellowish-brown powder and it is obtained by the process of purification, evaporation, chemical
treatment and drying of the black liquor, which is the by-product resulting from the pulp and paper production
process.

Fig.1.
Magnesium lignosulfonate Lighex MG (Sappi Biotech GmbH, Disseldorf, Germany); a — pure state; b
— oxidized state (22.5x magnification); ¢ — oxidized state and 1% PMDI addition (22.5x magnification);
d - oxidized state with addition of PMDI (1%) and glucose (22.5x magnification).
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The characteristics of pure magnesium lignosulfonate (Lignex MG), as set out in the data sheet issued
by the manufacturer, are as follows: dry matter content: 93 + 2%; magnesium content: 6 + 1% min; pH (10%
solution): 5.5 + 1%; bulk density: 400kg/m3; ignition temperature: 530°C; insolubility in water: 1% max;
moisture content: 7% max.

In order to increase the reactivity of magnesium lignosulfonate, the oxidation process was used,
based on the preparation recipe used by other researchers (Hemmila et al. 2013). The participation rates of
the hydrogen peroxide, distilled water and sodium hydroxide, relative to the amount of magnesium
lignosulfonate, are shown in Table 2 and the characteristics of the resulted adhesive are presented in Table
3. The image from Fig. 1b shows the colour modification of the magnesium lignosulfonate under the
oxidation process, which turned it into a dark brown colour. Images from Fgs. 1b, 1¢c and 1d were taken
using the stereo microscope NIKON SMZ 18-LOT2 (Nikon Instruments, Tokyo, Japan).

Table 2
Recipe for the preparation of the adhesive resulting from the oxidation of magnesium lignosulfonate
Material Quantity in the recipe
Magnesium lignosulfonate 460 g
Hydrogen peroxide 30% 35 g (7.6% from the amount of magnesium lignosulfonate)
Distilled water 246 ml (53.5% from the amount of magnesium lignosulfonate)
Sodium hydroxide 50% 66 ml (14.3% from the amount of magnesium lignosulfonate)
Table 3
Characteristics of the adhesive obtained by oxidation of magnesium lignosulfonate
Characteristic Value
Solid content 57%
pH 8.9%-9%
Flow time through the viscometric cup STAS ®6 mm 16s
Adhesive reactivity on sand bath at 160 'C 3mini15s

The adhesive based on oxidized magnesium lignosulfonate was prepared, as follows: magnesium
lignosulfonate powder was mixed with distilled water, gradually added, until the lumps disappeared.
Hydrogen peroxide (H,O,) was then added, homogenizing the mixture well, then sodium hydroxide (NaOH)
was added and the pH of the mixture was measured using the electronic pH meter AD12. The amount of
NaOH was set in the recipe to reach a pH = 9. After preparing the adhesive, its flow time was determined by
the STAS ®6 mm viscometer cup.

As found in the literature from the field, PMDI is considered crosslinking agent, having the role of
favouring the formation of intramolecular bonds between polymers (Solt et al. 2019). In order to investigate
the contribution of PMDI addition to the reactivity of lignosulfonate, share rates of 1%, 2% and 3% of the
dried particles weight was used in the oxidized recipe of the lignosulfonate-based adhesive. The addition of
PMDI to the adhesive recipe changed the adhesive colour into yellow one, as seen in Fig. 1c.

Glucose is a monomer carrying four groups of secondary alcohol and one group of primary alcohol.
Some researchers have used it in the preparation of polyurethane adhesives (Xi et al. 2018). The adhesive
preparation recipes from this stage of the experimental research will verify the hypothesis of using sugars
(respectively glucose) as crosslinking agents. A proportion of 15% addition of glucose from the amount of
magnesium lignosulfonate (solid content) was established to be added in the recipes with magnesium
lignosulfonate (LIGNEX MG) modified by oxidation and the addition of 1% and 2% PMDI, respectively. The
addition of glucose changed the colour of the adhesive into a combination of yellow-green-dark brown
colours (Fig. 1d).

The single-mat configuration of the particleboard manufactured in the laboratory conditions had in its
composition participation rates of 65% coarse wood particles and 35% fines, sorted as presented in Table 1.
The target density set for particleboard panels was 650kg/m>. The participation rate of the magnesium
lignosulfonate (solid content) in the panel composition was of 15% of the weight of dry wood particles. The
codes assigned to the experimental panels are presented in Table 4. The code indicates the type of
adhesive and its participation rate in the composition of the panel.

The panels were hot pressing using the press from the Laboratory of composite materials within the
Faculty of Furniture Design and Wood Engineering. This press has the possibility of heating the plates up to
a temperature of 200°C and the dimensions of the plates are 450mm x 450mm (length x width). Beech wood
frames with inner sizes of 420mm x 420mm x 50mm were used for mat formation. A melamine faced
particleboard panel 18mm thick was used for pre-pressing the mat. The frame was placed on a 3mm thick
steel sheet, covered with heat-resistant paper. After pre-pressing the mat, the frame and the cover were
removed and heat-resistant paper and a new steel sheet were used for the top of the mat. In order to
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maintain the thickness of the panel during pressing, 16mm thick steel stops were used. At least two panels
of each size and type of recipe were made.
Table 4
Codes of the panels, adhesive type and proportion of adhesive

PMDI ratio | Glucose ratio

Adheswe (based on | (based on the
E : ratio (based ;
xperiment . the total total weight of
Adhesive type on the total ;
panel code . weight of the
weight of the h I If
articles) the ignosulfonate-
P particles) | solid content)
L15 Magnesium lignosulfonate powder 15% - -
LO 15 Oxidized magnesium lignosulfonate 15% - -
LO15P1 Oxidized magnesium lignosulfonate 15% 1% -
LO 15 P2 Oxidized magnesium lignosulfonate 15% 2% -
LO 15 P3 Oxidized magnesium lignosulfonate 15% 3% -
LO 15 P1G Oxidized magnesium lignosulfonate 15% 1% 15%
LO 15 P2G Oxidized magnesium lignosulfonate 15% 2% 15%

The adhesive and wood particles were mixed mechanically (with a hand mixer) for 10 minutes. The
mixture was then placed in the wooden frame and pre-pressed manually with the pre-pressing panel. After
that, the frame was removed and the mat was hot pressed in the laboratory press at 180°C for 16 minutes at
a pressure of 2.5N/mm?. After being removed from the press, the panels were conditioned at a temperature
of 20°C and a relative humidity of air of 65% for 7 days and then cut into specimens for mechanical testing,
for the determination of formaldehyde emission by gas analysis method, and for water immersion testing.

The determination of the formaldehyde emission by the gas analysis method involves several work
phases:

- Sampling and cutting of test pieces to a length of 400 (x1)mm and width of 50 (x1)mm;

- Conditioning of the test pieces at a temperature of (20 £2)°C and a relative humidity of air of
(6515)%;

- Each specimen was wrapped tightly, immediately after cutting, and stored in an environment with
constant temperature;

- For testing, the specimens were sealed on the edge with high temperature resistant self-adhesive foil
(= 60°C);

- The determination of formaldehyde emission was performed no later than 72 hours after sampling.

During the test, the formaldehyde released from the samples is mixed with the room air. The air in
which the formaldehyde was released was collected in a vessel with a constant volume of distilled water.
The solution in which the formaldehyde is dissolved was subjected to the photometric analysis procedure
using the Jenway spectrophotometer and then the formaldehyde emission was calculated. The solutions
used in the analysis are stored in a thermostat, specially designed for this purpose.

Determination of thickness swelling and water absorption by immersion in water was performed in
accordance with the standard SR EN 317: 1996. The 50mm x 50mm immersion test samples were cut from
the experimental panels, after they were conditioned at a temperature of 20°C and 65% relative humidity for
24 hours. A water bath was used for the test. The test samples were immersed in water at a temperature of
20°C for 24 hours. An electronic calliper with an accuracy of 0.01 mm was used to measure the specimens,
and an electronic balance with an accuracy of 0.01g was used for weighing them. The thickness
measurement of each specimen was made at the point of intersection of the diagonals. The specimens were
weighed and measured before the start of the test, at 2 hours and at 24 hours.

The results were calculated using equations (1) and (2)

— 1
A = mi — My <100 [96] (1)
m;
where: A is water absorption;
m; — initial weight of the sample, in g;
m; — final weight of the sample, in g (2 h or 24 h), in g.
— % 2
af 2=t 4 [%0] 2
tl

13




ONLINE ISSN 2069-7430 PRO LIGNO Vol. 17 N° 4 2021

ISSN-L 1841-4737 www.proligno.ro pp. 9-19

where: Gs is thickness swelling;
t;- the thickness of the test piece before immersion (mm);
t, - the thickness of the test piece after immersion (mm).

RESULTS AND DISCUSSION

The results of the mechanical tests performed on the particleboard, such as MOR and MOE according
to SR EN 310:1993 standard and internal bond (IB) perpendicular to the plane of the board according to SR
EN 319:1993 standard are presented in the diagrams in Fig. 2 (a, b and c¢). The yellow coloured columns
represent the values that not meet the allowable limits, and those coloured in green are the ones that have
exceeded the lower limits imposed for the mechanical properties by the standard SR EN 312: 2004.

The results presented in these graphs show that the particleboard that met the conditions imposed for
panels P2 type with application in dry environment for jointed panels (including furniture), are those with
adhesive participation rate of 15% and addition of 3% PMDI (LO 15 P3), or 1% PMDI and glucose (LO 15
P1G) and 2% PMDI and glucose (LO 15 P2G).
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Fig.2.

Results of the mechanical tests performed on the experimental particleboard made with magnesium
lignosulfonate-based adhesives.

As can be seen in Fig. 2a,b,c, the mechanical properties of the particleboard improved for the case
when magnesium lignosulfonate modified by oxidation was used as adhesive. Higher increase was recorded
for the modulus of elasticity (MOE) (more than 50%). It was noticed that the participation rate of 1% PMDI to
the oxidized lignosulfonate-based adhesive in the composition of particleboard is not enough to achieve the
desired mechanical performance. When increasing the participation rate of PMDI in the recipe to 2%, the
mechanical performance increased, but again, not enough. Only the increase of this participation rate to 3%
was effective for the mechanical performance of the panels.
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Following the evolution of the mechanical performance of panels using the adhesive recipe based on
magnesium lignosulfonate, it can be concluded that the participation of PMDI in the recipe has a positive
influence on the reactivity of lignin, each additional percentage of PMDI bringing significant increases in 1B
and MOR, without great influence upon the modulus of elasticity (MOE).

Performing the graphical analysis of the data regarding the increase of the mechanical properties (IB and
MOR), it was observed that the values of these properties increase exponentially, as it results from the
regression curves, depending on the percentage of PMDI (Fig. 3), with R*> 0.96.

MOR 15% IB 15%
20 0.4
o 175 y = 893620177 035
E 15 R? = 0.9934 o 03
-E. 125 k——’_’—'*_’/‘ E 0.25
Z 10 E 02
x 75 z- 0.15
o 5 m y = 0.0968¢0-4325
= 55 = 01 R?=0.9276
. 0.05
0 0
1% 2% 3% 1% 2% 3%
PMDI participation rate PMDI participation rate
—4—MOR 15% —— Expon. (MOR 15%) —r—f 15% Expon. (1B 15%)
a b
Fig. 3.
Variation of mechanical properties: IB (a) and MOR (b) depending on the participation rate of PMDI in
the recipe.

In order to reduce the percentage of PMDI from 3% to 1%, or 2%, the research continued by adding
glucose (15% of the amount of lignosulfonate) to the recipes used in the panels LO 15 P1 and LO 15 P2.
The results presented in Fig. 2 show that the addition of glucose in the composition of the adhesive has
beneficial effects on the mechanical properties of the LO 15 P1G panel. Although the values are slightly
above the lower limits stipulated by the SR EN 312 standard, this recipe can be considered as potential one
for the manufacturing of environmentally friendly particleboard. The mechanical performance of the
particleboard made with this recipe could be improved by adjusting the technological manufacturing process
and especially the parameters of pressing process (pressing time and the pressure at the beginning of the
process). Another direction of the research can be directed to the manufacture of three-layer particleboard
and the modification of the particle sizes for the faces and core.

Table 5
Formaldehyde emission values for particleboard made with magnesium lignosulfonate modified by
oxidation with H,O, and addition of PMDI and glucose

Panel type Formaldehyde emission, in mg/m°h
LO15P1 0.547

LO 15 P2 0.509

LO 15 P3 0.433

LO 15 P1G 0.33

LO 15 P2G 0.32

From the economic point of view, the use of a lower amount of PMDI in favour of glucose is more
advantageous, therefore the introduction of glucose as a crosslinking agent in the recipes can possibly be
done in larger quantities, in order to use lower PMDI amount in the recipe (i.e. 1% of the weight of the dry
particles), but these assumptions may be the objective of further research. From this point of view, it can be
stated that the LO 15 P2G panel is more advantageous than that with 3% PMDI, namely LO 15 P3 panel.

The results of the formaldehyde emissions obtained for the panels made with modified lignosulfonate
adhesive obtained by oxidation and addition of PMDI and glucose, are presented in Table 5. The results
from Table 5 show that the formaldehyde emission values are below the maximum limit imposed by the
standard for emission class E1 (3.5mg/m°h).The differences occurred in formaldehyde emission can be
determined by several factors related to: the wood raw material, the participation rate of coarse particles, the
moisture content of wood particles, the degree of compression not identical for all panels, although the
technological process was maintained constant for all panels. For panels with 15% adhesive in the
composition, the formaldehyde emission was 6.4 times up to 10.9 times lower than the acceptable value for
emission class E1, the lowest values being recorded for the panels with high participation rate of PMDI and

15



ONLINE ISSN 2069-7430 PRO LIGNO Vol. 17 N° 4 2021

ISSN-L 1841-4737 www.proligno.ro pp. 9-19

glucose. Comparing the results, it can be noticed that the panels with the addition of PMDI and glucose (LO
15 P1G and LO 15 P2G) had the lowest formaldehyde emissions, and compared to those with magnesium
lignosulfonate powder (L 15), the values were about 62% and 40% lower. An increase in amount of PMDI at
3% led to a decrease in formaldehyde emissions by approximately 20% for LO 15 P3 panel compared to
those where only oxidized lignosulfonate was used (LO 15).
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Fig. 4.
Regression curves of variation of formaldehyde emission depending on the contribution of PMDI and
glucose in adhesive recipes for panels with 15% adhesive.

Due to the superior moisture tolerance of PMDI, it was not necessary to dry the wood particles at
levels lower than 4%, the moisture content of the wood particles varied between 10% and 15%, which is
ideal for gluing (Costa, 2013). The high moisture content facilitates the rate of hydrolysis and transport of
formaldehyde from the particle board (Eom et al. 2006).

As shown in Fig. 4, the data are fitted to the regression curve with a coefficient of determination of
R?=0.91, which indicates a good correlation between the amount of formaldehyde released and the PMDI,
respectively PMDI-glucose ratio. The decrease in formaldehyde emissions by increasing PMDI and glucose
participation rates could be explained by the short time of curing the adhesive film formed by PMDI on the
particle surfaces, which can prevent the release of formaldehyde from the surface of wood particles (Eom et
al. 2006). Several researchers (Costa 2013; Eom et al. 2006), reported that substances with hydroxyl groups
contribute both to the high internal bond of the lignocellulosic panels and to the low formaldehyde emission
of the wooden based composites (Hansen et al. 2012). Based on this theory, D-glucose, which has hydroxyl
groups in its composition, can thus reduce the emission of formaldehyde, as proved by the results obtained
for LO 15 P1G and LO 15 P2G panels. Formaldehyde emission values are much lower than the
standardized limit specified for class E1 (3.5mg/m’h) (EN 13986: 2004 + Al: 2015). More than that, the
values recorded for formaldehyde emission are close to those of some natural wood species (Douglas, fir
and oak: O.397mg/m2h and O.43mg/m2h respectively) (Salem et al. 2013).

Table 6 shows the immersion values for specimens made with modified magnesium lignosulfonate
adhesive and the addition of PMDI and glucose. Those specimens that disintegrated after 2 hours of
immersion and could no longer be measured and weighed have no values in the table.

Table 6
Water absorption and thickness swelling
Sample type Gs (2h), % Gs (24h), % A (2h), % A (24h), %
LO15P1 101 - 122 -
LO 15 P2 103 127 111 161
LO 15 P3 71 106 94 119
LO 15 P1G 96 136 147 194
LO 15 P2G 103 111 112 152

It can be seen from Table 6 that both the values of water absorption and thickness swelling are very
high. Only the specimens with the addition of 3% PMDI and those with 1% and 2% PMDI and glucose
withstood immersion in water for 24 hours.

The images of these specimens, after immersion, are shown in Fig. 5.
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Fig. 5.
Samples after 24 hours of water immersion.

It can be seen in the images in Fig. 5 that the water resistance of the experimental panels studied in

this paper is very low. Future research can solve this problem by finding additives that reduce the
hygroscopic properties of these panels.

CONCLUSIONS

The use of unmodified magnesium lignosulfonate (powder) as an adhesive in the composition of
particleboard does not bring the mechanical performance required by standard SR EN 312:2004.

Oxidation of magnesium lignosulfonate with hydrogen peroxide at the environment temperature
(20°C) and bringing the mixture, using NaOH, to a basic pH=9, did not attend the necessary
improvements for the panels to reach the required mechanical performance.

The contribution of PMDI in the composition of particleboard adhesive had a good influence on the
mechanical performance required for these panels, only for a participation rate of PMDI of 3% of the
weight of the dry wood patrticles.

The addition of glucose could be a solution to increase the reactivity of lignin in the presence of
PMDI and improvement of the internal bond (IB) and the bending strength (MOR) of particleboard.
The values of formaldehyde emissions obtained in the experiment for particleboard made with
magnesium lignosulfonate-based adhesives are close to those of some natural wood species (fir,
Douglas and oak), aiming to super EOQ emission class.

From the economic point of view, the variants with the lowest participation rate of PMDI (1%) and
addition of glucose are more advantageous.

The resistance to water of these adhesives is reduced, so they have to be used in dry environment.
Further research could improve this drawback.
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