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INTRODUCTION

Adhesive bonding of wood plays a crucial role In the
development of new advanced wood-based materials and
composites. However, wood bonding is not a straightforward
process as wood has Iinherently complex chemical and
structural properties. In particular, wood extracts can
accumulate at the surface and create a chemical boundary
layer with different surface permeabillity, polarity, and wettability
as well [1-3]. Therefore, the interactions between the wood and
adhesives are supposed to determine the quality of wood-
adhesive bonds. In this study, Iinteractions between the
adhesive and extractable wood constituents were investigated
systematically.

MATERIALS and METHODS

Extraction Table 1. Extract addition and
number of measurements

Seven wood species:

A special focus was given to analyze Melamine Urea

Formaldehyde (MUF) adhes
widely used wood adhesives

ive, which is one of the most
In Europe, In particular, as MUF

adhesive I1s a water based system, how the water extractable
constituents interact with the MUF adhesive was analyzed. The

simultaneous examinations

of the progress of chemical

reactions and rheological properties of both MUF adhesive and
MUF adhesive-extract mixtures were performed using a real-
time FTIR spectroscopy and in situ rheology. The results
confirm significant influences of the extracts on the curing

process of MUF adhesive, In

particular for the chestnut extract

having a higher amount and acidity level (pH=3.8), and provide
fundamental information on their chemical interaction.

In-situ Rheology and FTIR Spectroscopy
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Figure 1. Demonstration of the extraction step.
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Figure 3. Extraction results, a) Y
extraction contents% and b) pH
values.
» Higher extract content » Statistically significant changes In
was achieved by MUF curing in case of addition of
extraction of wood flour. the chestnut extract:

— a delay in curing as a result of
a higher gel point, higher
modulus at gel point and

an acceleration in viscosity rise
(lower gel time).

» Chestnut showed the
highest extract content
and the highest acidity
(pH=3.8).

* Main compounds of the
chestnut extract were
gallic acid, ellagic acid,
C5 and C6 sugars

based on GC/MS
results.

» A positive correlation of the gel
point with chestnut and gallic acid
(as the main component of
chestnut extract) addition (%) [4].

CONCLUSION

 The combination of rheology and FT-IR spectroscopy is a
suitable method to Iinvestigate the interactions between
wood extractives and adhesives.

* The curing behavior of MUF adhesive was influenced
significantly by chestnut wood extract.

» Chestnut extract led to a delay in curing reactions and an
acceleration in the viscosity rise.
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Reference (Ref), Spruce (Sp), Pine (Pi),

Oak (Oa), Chestnut (Ch)

fir (Do), Larch (La), Beech (Be),

such an

spectroscopy with an ATR crystal and rheology

analytical technique allows for the

understanding of rheological phenomena (e.qg.
curing of the adhesives) on the molecular level !

Curing Reactions by FT-IR Spectroscopy

. ®
a) 1555 --- MUF-Ch_0 min

0.5 MUF-Ch_180 min
i —— MUF-Ref_0 min
X | MUF-Ref_180 min

1002

Absorbance (a.u.)

''''''''''

1600 1400 1200 1000 800
Wavenumber (cm™)

0,257 p)

.1

120-150 min
= 80-110 min

40-70 min
——0-30 min 0

=l

N)

o
1

— 160-180 min
‘ 0.02

:-.,\\

o
.
O,

Absorbance (a.u.)

01 0 ''''''' D W,
400 1380 1360 1340 1320 1300 180

Wavenumber (cm™)

-0.02 -
-0.04 -

-0.06 -

-0.08

Slight spectral differences between
MUF-Ref and MUF-Ch have to be
revealed by PCA:
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Figure 5. a) FT-IR spectra of Figure 6. Principal component analysis (PCA)
MUF-Ref and MUF-Ch (0.9%)  scores and loadings of FT-IR spectra a-b) MUF-
at t=0 min and t=180 min, Ref, c-d) MUF-Ch (1.68%, high content)

b) formation of methylene
bridges in MUF-Ref by time.

» Two specific spectral

changes related to
MUF curing [5-6] :

— at 1351 cm™' (C-H
str.): an increase
due to formation of
methylene

bridges by time.

— at 1002 cm™ (C-O
str. of methylolurea):
decreases by time as

PC1 divides the spectra into two
groups, iIn MUF-Ref: as 0-80
min and 90-180 min and In
MUF-Ch: as 0-90 min and 100-
180 min. Therefore, the delay In
curing reactions of MUF-Ch was
already reflected in PCA results
as well.

When the loadings, which are
responsible for the separation of
the groups, compared:

—» most significant difference

a result of the was found ~1002 cm-".

crosslinking

_, Instead of a decrease, In

reactions. MUF-Ch, this band increased by
time which indicates less
crosslinking of the resin after 180
min.

» PCA loadings of the FT-IR spectra showed differences
for the band around 1000 cm-! which can be

Interpreted as a lower c

rosslinking of MUF-Ch resin.

* This study shows the influence of extracts on the

curing properties of the

adhesives and therefore the

potential of the further investigations on this topic.
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