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Determination of the wetting angle on the surface of solidified MUF adhesive layer. Wetting angle for
drops of redistilled water measured with the use of microscope with goniomertic head. On the base of ad-
sorption theory of adhesion was determined energetic characteristics of surface solidified MUF adhesives.
Quality of gluing in beech plywood was evaluated on base of requirements of EN 314-2 standard after tests
acc. p.5.1.1 and 5.1.3 of EN-314-1.
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INTRODUCTION

In Institute of Wood Technology in Poznan are carried out research works on syn-
thesis of modified MUF resins provided for production of wood based products (e.g.
Siwek and Warzecha 1978, Siwek et al. 1980, Warzecha and Siwek 1982, Szemio-
towicz 1989, Jozwiak 1989, 1991, 1995). In this article are presented results of investi-
gations on the knowledge of the phenomenon of adhesion of MUF glues to wood on
the base of adsorption adhesion theory.

The adsorption theory of adhesion assumes, that the contacting materials are acting
on themselves by molecular surface forces, with physical and chemical character. The
basic criterium of evaluation of the character of interactions occurring on the boundary
of phases is work of adhesion. It is defined as the value of surface tension on the unit of
area of adhesion contact, being the difference between the sum of materials surface

tension [Yq,Y,2] and surface tension on the boundary of phases [Yss2].
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From the theoretical point of view for proper adhesion this value has to be in the
range of 1-3 mJ/m’, what is taken as the principle of minimization energy of the sur-
face tension on the boundary of phases (Potente and Kriiger 1978).

For determination of work of adhesion and free surface energy and inter-phase ten-
sion of solid material are used phenomena of wetting in system liquid-solid (Paprzycki
1991, Comyn 1992, Liptikova and Kidela 1994 ).

The scope of this work has been determination of energetic characteristics of sur-
faces of solidified MUF adhesive on the base of adsorption theory. In studies were
taken into respect effect of kind of substrate, composition of glue mixtures, and press-
ing temperature upon surface properties of solidified glue layers. Besides that was
evaluated quality of gluing in beech plywood.

MATERIALS AND METHODS

For the experiment was used modified MUF resin, condensed in the laboratory scale at mo-
lar ratio of F:M:U as 3.9:1.0:1.0, which is used for production of water resistant plywood, char-
acterized among others with dry mass content - 61%, dynamic viscosity - 850 mPas and
gelation time in 100°C - 94 s. From the MUF resin were prepared glue mixtures with addition
NH,CI in quantity 0.8% of dry mass of resin, and urea in range 10+30% of dry mass of resin.
Glue mixtures were spread in quantity of 180 g/m” on the surfaces of beech wood and 5-layers
beech plywood having moisture content 8+1%. After 24 hrs of initial solidifying in temperaturc
2041°C, created on slots glue layers were hardened at following parameters:

— pressure 1.0 MPa

— temperature / time 80°C / 8 min, 120°C / 3 min, 140°C/ 1.5 min.

In aim to avoid sticking of hardened glue layers to the heating plates, pressing was made
with the use of polyester antiadhesion foil named ,,Mylar". Oblained samples were conditioned
(temp. 20=1°C and RH 65 £5%) during 72 hrs. On the glue layers were put with the aid of mi-
crosyringe drops of redistilled water having volume 3.0 ul. Then, was measured wetting angle
with the use of microscope with goniometric head. For each variant was made minimum 10
measurements. Despite to that was calculated in the range of wetting angles 0+90° with steps
every 1°, theoretical values of free surlace energy accordingly to the method proposed by Neu-
mann et al. (1974) with correction of Liptakové (1980) after transformation of following de-
pendence:

1(0'00’,57‘\"‘2)\‘]"‘\‘!'1_+YL (])
¥, (0.0015fy sy, -1)

where:  © — wetling angle

Cos

vs — free surface energy
v, — surface tension of liquid wetting .
The dispersion and polar shares of surface [rec energy was calculated accordingly to Klou-
bek (1974) from following formulas:

" I +cos® Yo [+cos®
Vs =yTL— — ) | A——) )
2 Y, 2
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where:y ¢ — dispersion share, y " — polar share , the rest denominations as in formula (1).

There were also determined criteria of interaction of surface forces in system wood solidi-
fied resin accordingly to the assumptions given by Potente and Kriiger (1978). For calculation
were adopted values of free surface energy for beech wood: Y. =67.5 ml/m’, y_f’ =246 mJ/m:,
y”=42.9 mJ/m* (Liptakova 1980).

Besides that was tested effect of pressing temperature upon quality of gluing of 3 —layer ply-
wood made from beech veneers 2.5 mm thick and having moisture content 5+1 %. gluing has
been conducted at following parameters:

= glue spread 180+5g/m*

—  assemble time 40£5 min

- prepressing pressure 1.0 MPa

—  prepressing time 30 min

—  pressing pressurc 1.8 MPa

—  pressing time 10 min

- pressing temperature (80, 100, 120, 140)°C.

Quality of gluing was evaluated on the base of requirements of EN 314-2 standard after tests
acc. top.5.1.1 and 5.1.3 of EN-314-1 standard.

RESULTS

The result of wettability tests of solidified glue surface are illustrated on Fig.1-3.
While on Fig.4 is presented calculated on the base of theoretical considerations de-
pendence of surface free energy, its polar and dispersion shares and interaction of
surface forces in the system beech wood - glue layers in respect to the wetting angle
taking into respect of minimization energy.

On the base of analysis of the presented results and dependencies of studies it can
be stated, that from the point of view of criteria assumptions characterizing high adhe-
sion of studied systems accordingly to adsorption theory, most favorable adhesive
properties in system wood - MUF glue mixture, are showing variants hardened in tem-
perature 80°C with addition of urea in quantities properly 20 and 30% of dry mass of
resin (© - angle 58°20” and 58°40" — beech wood and 49°10° - plywood). That results
probably from the great affinity of wetting liquid to the surface of solidified glue, what
as its to be assumed caused by interaction of water with hydrophilic hydroxyl groups,
and hygroscopic influence effect of unreacted urea. Such state is characteristic for un-
hardened resins, therefore shown dependence could be used as approximate measure
of evaluation of degree of resin hardening. In case of plywood additional effect could
have roughness of veneer used for its production.

As it can be observed for other tested variants, the magnitude of wetting angle is
contained in the range 67°20° to 75°40°. Therefore it can be stated, that interactions of
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Fig. 1. Influence of kind of substrate on the wetting angle of distillated water on solidified gluc layers
Rys. 1. Wplyw rodzaju podioza na kat zwilzania woda destylowang zestalonych warstw klejowych
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Fig. 4. Changes of free surface energy () and its dispcrsion (y "') and polar (y ) shares and influences

of surface forces in system beech wood - glue layer in function of wetting angle (on figure one took
account criterions of maximum adhesion acc. Potente and Kriiger 1978)

Rys. 4. Zmiany swobodnej energii powierzchniowej (v,) 1 jej sktadowej dyspersyjnej (y ) oraz polarnej
(y") i oddzialywania sit powierzchniowych w ukladzie drewno bukowe-warstwa klejowa w funkeji kata
zwilzania (na rysunku uwzglgdniono kryterium maksymalnej adhezji wg Potente i Kriigera 1978)

surface forces in the system glue layer - substrate of which on index is magnitude of
wetting angle in the system wetting liquid - solidified glue layer for remaining variants
have close character, independent upon the composition of glue mixtures and harden-
ing parameters.
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The obtained results of investigations are convergent with works of other authors
characterizing surface properties of polycondensations resins UF, PF, RF and ARF
(Paprzycki et al. 1992, Paprzycki and Pajdosz 1992, Paprzycki and Proszyk 1993) as
well are corresponding with results obtained for melamine-urea-formaldehyde lami-
nates (Paprzycki et al. 1993).

Having in respect criteria of adsorption adhesion theory characterizing systems of
maximum adhesion, determined magnitudes describing surface interactions, as it
seems are not reflecting in full real relations during gluing process.

Results of studies of gluing quality through determination of strength of glue line
and wood failure are given in Table 1. Analysis of the obtained results certifies that
only plywoods made from glue mixtures with addition of 30 % share of urea in press-
ing temperature 80 and 100°C were showing very low quality of gluing or the lack of
gluing after the test AW-100. The causes of above could be sought in the unhardening
of the glue mixtures , what corresponds with the obtained in the studies surface proper-
ties. In remaining variants obtained glue lines were fulfilling quality requirements of
waterproof plywood accordingly to EN 314-2 standard.

CONCLUSIONS

1. System beech wood-hardened MUF adhesive is not fulfilling criterion of minimiza-
tion of surface tension on the boundary phases .

2. There was not found significant effect of hardening temperature 120 and 140°C and
kind of substrate upon formation of magnitude of wetting angle of glue layers from
MUF resin.

3. Together with the increase of urea share in glue mixtures hardened in temperature
of 80°C, took place lowering of the wetting angle.

4. The value of wetting angle of hardened glue layers given information on the state of
crosslinking of MUF polycondensate.

5. Plywood made of glue mixtures with the share of 20 and 30 % of urea, and pressing
temperatures 80 and 100°C were showing low quality of gluing or the lack of gluing
after the AW-100 test.

6. The full waterproof properties of glue lines was obtained for plywood pressed in
temperature 120 and 140°C.

Received in March 2000
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ADHEZJA KLEJOW
MELAMINOWO-MOCZNIKOWO-FORMALDEHYDOWYCH DO DREWNA
WYWOLANA ODDZIALYWANIEM SIL POWIERZCHNIOWYCH

Streszczenic

Na podstawie zalozen teoretycznych adsorbeyjnej teorii adhezji okreslono energetyczna charakterys-
tyke powierzchni utwardzonej klejowej zywicy MUF poprzez poznanie oddzialywan wystgpujacych na
granicy faz drewno bukowe-utwardzony polikondensat. W wyniku przeprowadzonych badai m.in. stwier-
dzono, z¢ uklad drewno bukowe-zestalona zywica MUF nie spelnia kryterium minimalizacji napigcia
powierzchniowego na plaszczyznie granicznej faz, ktore obowiazuje dla polaczen o najwyzszej adhezji.
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