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MUF adhesive resins were condensed in laboratory scale. In forms of modified of resin was used oxygenated
potato starch. The rheological properties was determinated with the use of rotary rheoviscosimeter cequipped with
system of axial cylinders. Test were carried out in the range from 1.5 up to 13125, and temperatures 15-40°C.
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INTRODUCTION

Important meaning for industrial practice have the investigations carried out in the
range of phenomenological rheology. They are based on analytical determination of
parameters of selected rheological models and preparing on this base its characteristics
(Kembtowski 1973).

In rheological experiments were among the others used to describe of filled glue
mixtures from amino adhesive resins applied in furniture and plywood production
(Gos and Zawisliniski 1986, Proszyk and Olszewski 1987, Proszyk 1993).

In this paper are presented results of investigations on effect of modification with
polysacharides of melamine-urea-formaldehyde adhesive resin (MUF) upon the
course of rheological properties in function of changes of temperature in the range
15-40°C.
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EXPERIMENTS

For the tests MUF resin was condensed in laboratory scale, in three stage at molar ratio
M:U:F as 3.9:1.0:1.0. In form of modifier of resin was applied oxygenated potato starch, which
was added in course of process of the condensation resin in quantity 0.8 % in respect to the mass
of substracts (Jozwiak 1998). Selected properties of the obtained polycondensates are presented
in the Table 1. The rheological properties are determined with the use of rotary rheoviscosime-
ter Rheotest-2 type RV2 equipped with system of coaxial cylinders. Tests were carried out in
the range of shear rates from 1.5 up to 1312 ™', in the range of temperatures 15-40°C with step
every 5°C.

Table 1
Tabela 1
Sclected properties of MUF resins
Wybrane wlasciwosci zywic MUF
Type of resin
Properties of resin Unit | Rodzaj zywicy
Wiasciwosci zywic Jednostka Unmodified Modified
Niemodyfikowana Modyfikowana
Bonehy glem® 1.291 1.294
Gestosc
Dynamic viscosity mPa's 340 1020
Lepkos$¢ dynamiczna ]
Solid content o 62.0 62.0
Zawartos¢ suchej masy ]
pH - 8.9 9.0
Gelation time in 100°C
Czas zelowania w 8 82 85
100°C
Miscibility with water _ 20 15
Mieszalnosé z woda ) )
RESULTS

On the base of made measurements it was stated, that in isothermal conditions the
tested resins were characterized rheological stability, that is independently to the shear-
ing time immediately forms relation between shearing rate and shear stress. On the Fig.l
are presented changes of shear stress in dependence upon shearing rate and measurement
temperature. On the base of preliminary analysis of rheological curves in system shear
stress-shearing rates, it was found that apparent viscosity of tested resins decreases to-
gether with increase of shearing rate, what allows to qualify tested polycondensates to
the group of non-newtonian liquids, thinned by shearing.
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Fig. 1. The course of shear stresses (1) in relation of shearing rates (7) and measurement temperature

for MUF resins: a) unmodified, b) modified

Rys. 1. Ksztaltowanie sig naprezen stycznych (1) w funkceji predkodci $einania (y) 1 temperatury pomiaru

dla zywicy MUF: a) niemodyfikowanej, b) modyfikowancj
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The best approximation of experimental data in the range of description of flow
curves was obtained for rheological model of Ostwald de Waele, described by equa-
tion: T=Kk(})", where: T - shearing stress, k - coefficient of consistence, y - shear rate ,
n - exponent. Coefficients of correlation (r") for considered model were in the range
0.998-0.999.

The changes of rheological parameters of considered model in dependence upon
measurement temperature are presented in Table 2.

Table 2
Tabela 2

The course of rheological parameters in Ostwald de Waele’s model at various measurement
temperatures
Ksztaltowanic si¢ parametrow reologicznych zywic MUF dla modelu Ostwalda de Waele
w roznych temperaturach pomiaru

Type of resin Temperature Parameters of rheological model
Typ zywicy Tem;::eratura Parametry modelu reologicznego
~ k [Pas] n[
15 0.490 0.988
20 0.352 0.981
Unmodified 25 0.247 0.979
Niemodyfikowana

30 0.201 0.963
35 - 0.138 0.970
40 0.103 0.972
15 1.939 0.839

20 1239 0.842 |
Modified 25 1.083 0.841
Madyfikowana 30 0.670 0.873
a 35 0.566 | 0.861
40 0430 _ 0.864

When analysing obtained results it can be stated, that modified MUF polycon-
densates shown in relative system lower values of exponents, certifying the greater
deviation from newtonian character of tested resins. Above dependencies in relation

N = f(y,T), approximated with the method of least squares are presented on Fig.2.

In the tested temperature, range dependence of In(n) = f (I/T) has the linear course
on which slightly influences used shearing stress (r* =0.914-0.998), what allows to the
graphic estimation of apparent activation energy of viscous flowing (Ey). The manner
of estimation of E,, is illustrated on Fig.3 and results in Table 3. The values of E, deter-
mined at various shearing rates are in the range 30.2-51.6 kJ/mole for unmodified
resin, and 31.2-41.1 kJ/mole for modified polycondensate.
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T - temperature, temperatura[*C]
j - shearing rate, predkosc écinania  [s”']
n'- apparent viscosity, lepko$é pozorna [Pa's]

b)

Fig. 2. The course of apparent viscosity (1)) in relation of shearing rates (y) and temperature
of measurement for MUF resins: a) unmodified, b) modified
Rys. 2. Ksztaltowanie si¢ lepkosci pozornej (n') w funkcji predkosci $cinania (¥) i temperatury pomiaru
dla zywicy MUF: a) niemodyfikowanej, b) modyfikowanej
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Fig. 3. Graphical estimation of apparent activation energy of viscous flow of resins (E,) at selected
shearing rates () for MUF resins: a) unmodified, b) modified

Rys. 3. Graficzne wyznaczenie energii aktywacji lepkiego plyniecia (Eq) przy wybranych predkosciach
scinania (y) dla zywicy MUF: a) niemody fikowanej, b) mody fikowanej



STUDIES OF RHEOLOGICAL PROPERTIES 85

Table 3
Tabela 3

The course of apparent activation energy of viscous flowing (Ey) at various shear rate
Ksztaltowanie si¢ pozornej energii aklywacji lepkiego ptynigcia (Ep)
dla roznych predkosei scinania

Type of resin Shear rate E, r
Typ zywicy Predkosc¢ scinania [kJ/mole] -]
[s7)
3 9 32.2 0.914 _
Unmodified 27 426 0.997
Niemodyfikowana 81 493 0.995
234 516 0.998
9 31.2 0.976
Madified 27 39.0 0.998
Modyfikowana 81 411 0.990
234 39.3 0.990

Slightly higher activation energy for viscous flowing for unmodified systems
can be explained by relatively higher change of viscosity of those resins in function
measurement temperature (Proszyk 1993). Obtained for the tested MUF resins val-
ues of E; are close with obtained by other authors for UF resins (e.g. Proszyk 1993,
Proszyk and Sotomiewicz 1994).

RECAPITULATION

The MUF adhesive resins are showing features of non-newtonian rheostable liquid
thinned by shearing, which described Ostwald de Waele’s model. Modification of
MUF resin with the use of polysacharides influences lowering of values of exponent in
Ostwald de Waele’s model.

Received in March 2000
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BADANIA WEASCIWOSCI REOLOGICZNYCH KLEJOWYCH ZYWIC
MELAMINOWO-MOCZNIKOWO-FORMALDEHYDOWYCH
STOSOWANYCH W PRODUKCIJI TWORZYW DRZEWNYCH

Streszczenie

Przedstawiono wyniki badan nad wplywem modyfikacji polisacharydami zywicy melaminowo-mocz-
nikowo-formaldehydowej [MUF] na ksztaltowanie si¢ wlasciwosci reologicznych w funkgji zmian tempera-
tury w zakresie 15-40°C. Dokonano matematycznego opisu krzywych reologicznych oraz wyznaczono
sposobem graficznym energie aktywacji lepkiego plynigeia. Na podstawie analizy krzywych reologicz-
nych w ukladzie naprgzenic styczne - predkosé scinania w funkcji rozpatrywanych parametréw stwicrdzo-
no, ze badane zywice MUF reprezentujg reostabilne plyny nienewtonowskie, rozrzedzane Scinaniem.
Najlepsza aproksymacje danych eksperymentalnych w zakresie opisu krzywych plynigcia otrzymano dla
modelu reologicznego Ostwalda de Waele.
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