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Effect of various species of wood on the curing reaction of phenolic resin were
examined by mean of differential thermal analysis (DTA) to evaluate the activation
energy (E,) of this process. It was found that all wood species decrease E; in com-
parision to E, of unfilled resin. Based on the values of E, the species of wood may
be divided into three groups.

INTRODUCTION

Various species of wood are characterized by different bonding pro-
perties even when the same adhesives are used under the same conditions.
It is well know that chemical constituents of the wood substrate and its
micro- and macrostructure influence bondability of wood.

Mizumachi[13], and Mizumachi and Morita [14] maintain
that the activation energy of a curing reaction must be studied for as
many adhesive-wood combinations as possible”. They studied the effect
of various Asian wood species on E, of the curing reaction of urea and
phenolic resins. Urea resin used in their experiments had E, of
121 kJ/mole, whereas phenolic resin showed E, of 75 kJ/mole. The addi-
tion of wood powder of the examined species resulted in E, ranging from
109 - 264 kJ/mole and 58 - 109 kJ/mole for urea and phenolis resin, res-
pectively. In our previous studies [24] we determined E, for the urea
resin and 12 species of European and tropical woods. We found that the
resin itself had E, of curing reaction of 93 kJ/mole, while after mixing it
with wood powder its E; ranged from 73 - 102 kJ/mole.

A decrease in the E; value of the curing process shows that there is
a positive effect of wood constituents on the course of adhesion and
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quality of wood bonding. From the technological point of view, this
should lead to changes in adhesion parameters, i.e. shortening of time
or reduction of temperature. It is worth mentioning that some adhesives
are particulary sensitive to the presence in wood of extractive substances
which may inhibit the process of adhesive curing [1-2, 4, 10, 12, 15-17,
22].

In this study effects of various species of wood on the curing reaction
of phenolic resin were examined by means of DTA to evaluate the E,
of the curing reaction.

EXPERIMENTAL

Properties of commercional nonmodified phenolic resin K-50 produced
by Plywood and Wood Chemical Processing Plant, Bydgoszcz are shown
in table 1. The resin was mixed with powdered (less than 120 pm) wood
of 81+ 1% water content. The following species of wood were used: alder

Table 1

Properties of phenolic resin K-50
Wiasciwosci zywicy fenolowej K-50

Delermination Values
Oznaczenie Wartosci
Densily, 5
Gestoiz, g/cm 1215

Dynamic viscosity,
Lepkoéé dynamiczna,
Free phenol content,
Zawarlo$¢ wolncgo fenolu,
Free formaldchyde content,
Zawarlosé wolncgo formaldchydu,
Solid residue,

Sucha pozostalogé, % A
pH 11.20

mPz-3 1550

% 110

% 0.40

(Alnus glutinose G aer tn.), ash (Fraxinus excelsior L.), beech (Fagus sil-
vatica L.), birch (Betula verrucosa E hrh.), fir (Abies alba Mill), larch
(Larix decidua M ill.), lime (Tilia cordata M ill.), longhi (Chrysophylium
spp.), mahogany (Swietenic mahagoni Jacq.), cak (Quercus robur L.),
pine (Pinus silvestris L.), teak (Tectone grandis L.) and walnut (Juglans
regia L.). Apart from the above mentioned wood species, we also exami-
ned a tannin extract from oak as well as two model compounds, namely
gallic acid and d-catechin.

The resin (10 g) was thoroughly mixed with 10% (by weight) of indi-
vidual species of wood or tannin powder. Then thin layers of mixtures
were placed on glass slides which were kept at room temperature for 24
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nrs to let the solvent evaporate prior to DTA measurement. The appara-
tus used was a Hungarian derivatograph type I. Paulik- F. Paulik MOM
Co. Budapest. Minimum of four DTA runs were made for each sample
with different heating rates from 3.0 to 18.5 deg/min. The weight of each
sample was 200 mg. a-Al,O; was used as the reference material. Acti-
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Fig. 1. DTA thermograms for curing reaction of K-50 phenolic resin and resin-wood
and tannin systems (heating rate was 3.510.5 deg/min)

Rys. 1. Termogramy DTA reakcji sieciowania Zywicy fenolowej K-50 i uktadow
zywica-drewno oraz iywica-garbnik (szybko$é ogrzewania 3,5%10,5 deg/min)
vation energy of the curing reaction of resin wood or tannin systems was
calculated from DTA curves according to Kissinger [11]. The proce-
dure proposed by him analyses the kinetics of chemical reactions from
data of differential thermoanalytical curves using the following equation:

E, din(®:T;})

R= d(T,h)

3
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Fig. 2. Influence of the heating rate on the peak temperature displacement on DTA
curve for curing reaction of K-50 phenolic resin and resin-wood and tannin systems

Rys. 2. Wplyw szybkosci ogrzewania na przesuniecie pikbw temperatury na krzywej
DTA dla reakcji sieciowania zywicy fenolowej K-50 i ukladéw zywica-drewno oraz
zywica-garbnik
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where: Ty, is the peak temperature (K) on DTA curve, & is the rate of
heating (deg-s~!), R is the gas constant and E, is the activation energy
of the reaction.

The E, of the reaction can be obtained from the slope of the straight
line in In (@-7,% vs T,' plot (provided that peak temperatures are
taken at several heating rates).

RESULTS AND DISCUSSION

Figure 1 presents typical DTA thermograms showing the course of
the K-50 resin hardening process as well as the effect of different wood
species and tannin on this process at a given heating rate. As we were

Table 2

Activation energy of the curing reaction of phenolic

resin K-50 in presence of various species of wood

Energia aktywacji reakcji sieciowania zywicy fenolowej
K-50 w obecnosci réznych gatunkéw drewna

‘Wood spedcs Aclivation encrgy kJ/mole
Gatunki drewna Energia aktywagji kI/mol

- 1179
Mahogany
Mahon 3673
Beech
Buk 593
Longhi
Longhia Gl
Walnut
Orzcch 650
Lime
Lipa 71.6
o2y 764
Jesion
Pinc 783
Sosna
Teak
Teak B335
Alder
Olcha e
Birch

o
Brzoza ¥L8
Fir
Jodia 101.0
Larch
2
Modrzew 1012
Oak
1

Dab e

only interested in the hardening process, the DTA run was stopped be-
fore temperature reached the level of thermal decomposition of the sam-
ple. It is quite clear from these thermograms that the endothermic region.
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occurs in the temperature of 360 -430 K. This effect is caused by the
evaporation of water and volatile low molecular weight compounds found
in the resin. Within this area we notice an exothermic peak characteristic
of a polycondensation reaction. It was found that this exothermic peak
depends on the heating rate and is situated between 390 and 413 K.
Figure 2 illustrates the influence of the heating rate on the peak tempe-
rature displacement on DTA curve for curing reaction of K-50 phenolic
resin and resin-wood or tannin systems.

Table 2 lists calculated Eq values for K-50 resin and its combinations
with the examined wood powders. It is evident from this data that all
species of wood used in this experiment reduced E, of the hardening pro-
cess. It is practically impossible to explain differences in the obtained E,
values because wood even of the same bole is characterised by varia-
tions in chemical composition. The complexity of interactions between
the phenolic resin and wood was discussed by Horioka and Gamo
[9], and Abe et al. [3]. There is no agreement with regard to the role
of wood constituents in the hardening process of phenolic adhesives.
Many papers have been published indicating that individual both major
and minor wood components may take an active part in the curing
process.

It is maintained that cellulose, through its hydroxyl groups, exhibits
high reactivity with phenolic resin. Experiments carried out by Chow
[6] showed that E, of the resin curing process was 46.9 kJ/mole while
the same resin when mixed with cotton cellulose or cellobiose had E,
327 and 24.2 kJ/mole respectively. Cherubim and Henn [6] empha-
size that the reaction between phenolic resins and cellulose also depends
on the pH of the resin. On the basis of IR and double refraction measu-
rements Chow and Muk a i [7] identified the presence of covalent bonds
between the resin and cellulose. The same bonds were found between
cellobiose and formaldehyde resins by Ramiah and Troug hton [19]
who applied thermoanalytical techniques. Also lignin may play an active
role in the hardening of phenolic adhesives. In their studies on the me-
chanism of adhesion of phenolic resin to wood, Graham and Neogi
[8] used 2Br labelled 3,5-dibromo 4 hydroxybenzyl alcohol as a model
of phenolic prepolymer. They concluded that phenolic resin-lignocellulose
adhesion was not only limited to the van der Waals forces. The level
of adhesion depended primarily on high energy covalent bonds occuring
beetwen active groups present in the materials used in the experiment.
It was also found that hydroxyl groups from phenylpropane units present
in lignin react with the model compound according to second order reac-
tion mechanism.

It is also believed that extractive substances of wood may play an
active role in the hardening process as catalysts or inhibitors. Wood resins
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and tannins are the most important among them. Seifert [23] found
that resin from European coniferous trees containing polar resin acids
show high affinity to polar adhesives, including phenolic resins. On the
other hand, tannins are commonly considered to be inhibitors of this
process [18, 20 - 21]. Results of our experiments do not confirm inhibiting
effects of tannins on the curing process of the phenolic resin. Gallic acid
and the tannin extract from oak cause a decrease of curing E, of the
examined resin to the level of 63.3 and 68.7 kJ/mole respectively. Compa-
ratively insignificant differences in E, values result from similarities
of chemical properties of the gallic acid and ellagic acid whose derivati-
ves are the main constituents of the oak tannin extract. On the other
hand, a relatively small influence of d-catechin on E; (110 kJ/mole) may
be accounted for by a high rate of the condensation reaction which is
competitive to the curing reaction.

CONCLUSIONS

1. Results obtained for E, curing reaction of the examined commercial
phenolic resin in the presence of the experimental 13 species of wood
indicate that all these wood species decrease E, in comparison to the E,
©of the pure (unfilled) resin. Probably the presence of hydroxyl groups
on surface of wood substance, which promoted the first stage of curing
reaction with ether links formation caused this result.

2. According to the values of E, obtained in our experiments the 13
species of wood may be divided into 3 groups:

— Wood species which reduce E, of the curing reaction by 40 -
-60 kJ/mole. These species are: mahogany, beech, longhi, walnut, lime,
ash and pine.

— Wood species which reduce E, by 20-40 kJ/mole e.g. teak, alder
and birch.

— Wood species for which E, is similar to the E, of the unfilled resin
such as fir, larch and oak.

The values of E, presented above could be additional criterion to esti-
mation of phenolic resins technological hardening parameters.

Received in February 1992
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ENERGIA AKTYWACJI REAKCJI SIECIOWANIA ZYWICY FENOLOWEJ
W OBECNOSCI WYBRANYCH GATUNKOW DREWNA

Streszczenie

Celem pracy bylo poznanie wplywu wybranych gatunkéw drewna na warto$é
energii aktywacji (E,) reakcji sieciowania termoutwardzalnych klejowych zywic
fenolowych. Do doswiadczen uzyto Zywicy fenolowej K-50, 13 gatunkéw drewna
oraz debowego ekstraktu garbnikowego, d-katechiny i kwasu galusowego. Na pod-
stawie danych uzyskanych z roznicowej analizy termicznej (DTA) obliczono E, przy
wykorzystaniu zalozen opracowanych przez Kissingera.

W konkluzji stwierdzono, ze E, reakcji sieciowania zZywicy K-50 wynosi
117,9 kJ/mol. Wszystkie uwzglednione w do$wiadczeniach gatunki drewna i sub-
stancje garbnikowe obnizaly E, reakcji sieciowania Zywicy. Na podstawie wartoSci
E, mozna dokonaé podzialu poszczegblnych gatunkéw drewna na nastepujace trzy
grupy:

1. Gatunki, ktérych obecno$é w zywicy powoduje znaczgce, o 60 - 40 kJ/mol obni-
zenie E, i ktérymi sa: mahon, buk, longhia, orzech, lipa, jesion i sosna. Ponadto
do tej grupy mozna zaliczy¢ substancje garbnikowe.

2. Gatunki obnizajgce E; o 40 -20 kJ/mol, takie jak teak, olcha, brzoza.

3. Gatunki, dla ktérych E, jest poréwnywalna z wartoscia stwierdzona dla zywicy
K-50. Do gatunk6w tych zaliczono: jodle, modrzew, dab.



