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Abstract. The study investigated properties of particleboards resinated with PMDI modi-
fied with polyethylene glycols with varying molar masses (PEG 200 and 400). The con-
ducted investigations showed that PMDI resin modification with both PEG 200 and PEG
400 causes an increase in mechanical properties of manufactured boards. In turn, modulus
of elasticity decreases with an increase in plasticity of the modified resin. Then, water re-
sistance of the tested boards, measured by their tear resistance after the boiling test, irre-
spective of the type and the amounts of applied modifiers, is very high and considerably
exceeds the requirements specified in the respective standard. Particleboards exhibiting
better mechanical properties and considerably improved water resistance may be obtained
by the modification of PMDI resin with polyethylene glycol of a higher molar mass.
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INTRODUCTION

Isocyanates are highly reactive materials, capable of reacting with a wide variety of
molecules. They especially easily attach compounds containing an active hydrogen
atom, in the form of the hydroxyl group [Milota and Wilson 1985, Gallagher 1982,
Sonnenschein and Wendt 2005]. In this group of compounds ethylene glycol and PEG
300 were the subject of our early research. The investigations conducted in this respect
showed that both PMDI modifiers cause an increase in the mechanical properties and
water resistance of manufactured boards. However, their spreading onto chips before
gluing, above the specified amount, results in a deterioration of board properties [Dziur-
ka 2005].

Thus the aim of this study was to investigate properties of particle boards resinated
with PMDI modified with polyethylene glycols with varying molar masses.
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MATERIAL AND METHODS

PMDI used in the experiments had the following characteristics: dry resin solids —
100%, dynamic viscosity 176 mPa-s, NCO-content — 33.3 g/100 g, and acidity as HCI —
97 mg/kg. Polyethylene glycols PEG 200 and PEG 400 in the amounts of 0.005, 0.01,
0.015, 0.02 and 0.025 mole per 100 g dry resin solids were used as PMDI modifiers.
Single-layer particleboards with the density of 700 kg/m’® and the thickness of 12 mm
were manufactured under laboratory conditions from pine chips and modified resin,
applying the following pressing parameters:

— pressing time 5 min

— unit pressure 2.5 N/mm®

— temperature 200°C

— resination rate 6%.

Particleboards manufactured in this way were tested according to respective stan-
dards in terms of such properties as:

— modulus of rupture and modulus of elasticity according to PN-EN 310

— internal bond according to PN-EN 319

— internal bond after the boiling test according to PN-EN 1087-1

— swelling in thickness according to PN-EN 317.

RESULTS AND DISCUSSION

Testing results of the effect of the amounts and molar masses of polyethylene gly-
cols used as modifiers of PMDI resin on the properties of produced boards are presented
in Figures 1-3 and Table 1.
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Fig. 1. Increase in internal bond of particleboards resinated with
modified PMDI

Rys. 1. Wzrost wytrzymatosci ptyt widrowych zaklejanych mody-
fikowanym PMDI
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Fig. 2. Modulus of rupture of particleboards resinated with modi-
fied PMDI

Rys. 2. Wytrzymalo$¢ na zginanie ptyt widrowych zaklejanych
modyfikowanym PMDI
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Fig. 3. Modulus of elasticity of particleboards resinated with modified
PMDI

Rys. 3. Modut elastycznos$ci ptyt wiérowych zaklejanych modyfiko-
wanym PMDI
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Table 1. Water resistance of particleboards resinated with modified PMDI
Tabela 1. Wodoodporno$¢ ptyt wiérowych zaklejanych modyfikowanym PMDI

Amount . -
Type of modifier mole/100 g d.r.s. V-100 ste”?“g‘ z;bsgrli)ﬁ blh,t},,
Rodzaj modyfikatora Tlos¢ N-mm™ peezienie as1ax 1wos¢
. % %
mol/100 g s.m.Z.
Control board 0 0.37 23 734
Ptyta kontrolna 8.8 8.9 10.6
PEG 200 0.005 0.60 245 70.3
9.2 11.2 9.9
0.01 0.52 214 69.2
10.1 10.9 11.3
0.015 0.48 22.6 67.7
9.6 6.9 8.9
0.02 0.47 22.0 65.7
7.8 9.1 9.2
0.025 043 21.8 63.8
15.8 8.2 5.1
PEG 400 0.005 0.49 24.0 72.0
9.1 11.2 10.8
0.01 0.47 222 66.6
9.9 9.8 10.8
0.015 0.47 21.8 63.1
7.8 9.3 10.6
0.02 0.52 219 60.3
8.6 9.7 9.9
0.025 0.52 21.6 59.8
14.5 7.2 7.7

Coefficient of variation.
* z . . , .
‘Wspdtczynnik zmiennosci.

It results from the conducted investigations that molar masses of applied PEG con-
siderably affect strength properties of particle boards. Thus, if internal bond increases
by a maximum of 24% in case of PEG 200, the addition of PEG 400 causes its increase
by as much as 41% (Fig. 1). Such a considerable increase in internal bond might have
been caused by the fact that the latter in relation to the former contains by a half less
hydroxyl groups. It is known that they react with isocyanate groups of PMDI forming
urethane-bonds causing higher cross-linking of such resin. At the same time, the fewer
these groups in polyethylene glycol the more free isocyanate groups capable of entering
into a further reaction with hydroxyl groups of wood. As a result greater numbers of
polymer-wood bonds are formed, causing improvement in strength properties. In con-
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trast, the observed decrease in IB for both modifiers introduced in the maximum amount
of 0.025 moles might have been caused by the fact that as a result of excessive polyol
concentration PMDI reacted primarily with hydroxyl groups coming from polyols, in-
stead of hydroxyl groups of wood. A consequence of this fact is the formation of a
lower number of polymer-wood bonds, which results in a deterioration of strength prop-
erties [Milota and Wilson 1985].

Applied polyols had a less pronounced effect on modulus of rupture (Fig. 2). In this
case the maximum increase in strength, which was found for boards with the addition of
both PEG 200 and PEG 400 at 0.025 moles, was 22% and 6%, respectively. Besides,
irrespective of the amounts of polyethylene glycols measured values were similar.

In contrast, the modulus of elasticity decreased, generally along with the increase in
the amount of added modifier (Fig. 3). The highest drop in the modulus, by as much as
710 MPa, was observed for PEG 400 introduced in the maximum amount of 0.025
moles. Results of these investigations confirm previous reports that polyols increase the
plasticity of PMDI resin as a result of methylene bridges (-CH,-) embedded in its struc-
ture [Milota and Wilson 1985]. With a higher molar mass, more methylene groups are
in the alkyl chain of the polyol, responsible for the plasticity of resin.

Moreover, the investigations concerning water resistance, measured by internal bond
after the boiling test showed that for particle boards glued with polyethylene glycol-
modified PMDI it is very high and considerably exceeds the value defined by the re-
spective standard (0.15 MPa according to PN EN 312-5; Table 1). In turn, in the de-
pendence of the molar mass of PEG introduced to the resin a different trend is observed.
Thus, if for PEG 200 internal bond decreases along with the increase in its amounts, in
case of PEG 400 it increases. The results of these investigations are in good agreement
with IB discussed earlier (Fig. 1).

Moreover, it may be concluded from the results of tests on absorbability and swell-
ing presented in the table that the applied modifiers do not have a significant effect on
these properties of the manufactured boards. Although an improvement in hydrophobic
properties is observed, the measured values exhibit only a slight downward trend.

CONCLUSIONS

1. Modification of PMDI resin with PEG 200 or PEG 400 causes an increase in the
mechanical properties of the manufactured boards, such as internal bond and modulus
of rupture. In turn, the modulus of elasticity decreases in connection with an increase in
plasticity of the modified resin.

2. Water resistance of the tested boards, measured by their tear resistance after the
boiling test, irrespective of the type and the amounts of the applied modifiers, is very
high and considerably exceeds the requirements specified in the respective standard.

3. Particleboards exhibiting better mechanical properties and considerably improved
water resistance may be obtained by the modification of PMDI resin with polyethylene
glycol of a higher molar mass.
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WELASCIWOSCI PLYT WIOROWY CH
ZAKLEJANYCH PMDI MODYFIKOWANYM POLIETYLENOGLIKOLAMI

Streszczenie. W pracy zbadano wiasciwosci ptyt widrowych zaklejanych zywica izocyja-
nianowa modyfikowana polietylenoglikolami o réznych masach molowych (PEG 200
i PEG 400) w ilo$ciach 0,005-0,025 mola na 100 g suchej masy zywicy. Z przeprowadzo-
nych badan wynika, iz modyfikacja PMDI wybranymi polietylenoglikolami wptywa na
wzrost wlasciwosci wytrzymato§ciowych wytworzonych ptyt. Natomiast modul sprezy-
stodci ulega zmniejszeniu ze wzgledu na wzrost plastycznosci modyfikowanej zywicy.
Z kolei wodoodporno$¢ badanych ptyt, mierzona ich wytrzymalo$cia na rozrywanie po
prébie gotowania, niezaleznie od rodzaju i iloSci polietylenoglikolu jest bardzo duza
i znacznie przekracza wymagania okre§lone odpowiednig norma.

Stowa kluczowe: PMDI, polietylenoglikole, ptyta wiérowa
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