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ABSTRACT

The barrier discharge plasma (BDP) modification represents an appropriate method for the
polarity increasing of the wood surfaces. The surface properties of various wood species (beech,
maple, birch) were pre-treated using BDP at atmospheric pressure in air were evaluated by
contact angle measurements. The FTIR spectrum of the three tested species of wood is a mixed
spectrum (composition) of cellulose and lignin with characteristic peaks corresponding to —OH
bonds (with a maximum at about 3400 cm™') and fingerprints assigned to the -CO, -COO and

—CH»- bonds typical for polysaccharides.
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INTRODUCTION

The wusing of the low-temperature
plasma for wood modification leads to an im-
provement of the wood adhesion to various
substrates by adhesives (Hiinnekens et al.
2018). The discharge plasma in air signifi-
cantly increases hydrophilicity of the wood
because of formation various polar groups
(e.g. hydroxyl, carbonyl, carboxyl, etc.), and
the wood macromolecules are also cross-
links (up to a few microns), what leads to the
increase in scratch resistance, and to the im-
provement in barrier properties of the wood.
After discharge plasma modification of the
wood we can observe an increase of adhesion
in adhesive joint between wood substrate and
adhesive due to growth of wood hydrophilic-
ity, important for industrial applications. The
low-temperature plasma represents a mixture
of various excited particles, such as ions, at-
oms, electrons, and radicals, and plasma cre-
ated particles have sufficient levels of energy
to break chemical bonds in the wood sub-
strate (Novak et al. 2016). The treatment of

the wood by discharge plasma is limited to a
few nanometres without affecting the bulk
properties of the wood (Acda et al. 20012).
The increased surface polarity due to oxida-
tions reaction during modification of wood
by RF plasma improves its wettability and
hydrophilicity (Ciolacu et al. 2011). The wet-
tability helps in establishing a molecular
scale contact with the wood surface and crit-
ical to the development of strong adhesion at
the adhesive/wood interface. Great efforts
have been made in developing various kinds
of furniture using wood or plastics veneers in
adhesive  joints  wood-adhesive-veneer
(Kudela et al. 2017). The barrier discharge
plasma (BDP) at atmospheric pressure is cur-
rently an efficient method for modification of
surface and adhesive properties of the wood,
and is considered as a “green” and ecological
friendly modification method (Moghadamza-
deh et al. 2011). This paper is focused on a
study of the surface properties of selected
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wood species as well as on changes in chem-
ical composition of the plasma modified
wood.

EXPERIMENTAL METHODS

MATERIALS

Beech (Fagus Sylvatica L.), birch (Bet-
ula Pendula L.), and maple (Acer Pseudo-
platanus) wood plates with dimensions 50 x
15 x 5 mm (Technical University in Zvolen,
Slovakia) with 8% of humidity, twice dis-
tilled water as a testing liquid for contact an-
gles measurement.

BARRIER DISCHARGE PLASMA
TREATMENT

The surface of selected wood species
was pre-treated by barrier discharge plasma

Plasma

(Fig. 1). The BDP set-up was operated at
350 W under atmospheric pressure in air.
Two parallel banded systems of electrodes
made of Ag paste (1 mm wide and 50 pm
thick, with 0.5 mm spacing between the
strips) generated the low-temperature plasma
in an effective manner. The electrodes were
embedded in 96% Al>Os, which protected the
electrodes from direct contact with the
plasma and thereby prolonged their lifetime.
The plasma panel was also connected to a
cooling system to prevent overheating. A
high-frequency sinusoidal voltage (~15 kHz,
with a Un of ~10 kV) applied to the elec-
trodes led to macroscopically homogenous
plasma generation and uniform surface treat-
ment.

Electrodes

[ AV [kHz]

Figure 1: Barrier discharge plasma set-up

FTIR-ATR

Fourier Transform Infrared Spectros-
copy with Attenuated Total Reflectance
(FTIR-ATR) measurements were performed
with an FTIR Nicolet 8700 spectrometer
(Thermo Scientific, UK) using a single
bounce ATR accessory equipped with a Ge
crystal. For each measurement, the spectral
resolution was 2 cm™'and 64 scans were per-
formed.

RESULTS AND DISCUSSION

The results of water contact angles on
the surface of the investigated three wood
species versus time of modification by BDP

is shown in Fig. 2. The contact angles of wa-
ter in the investigated wood surfaces dimin-
ished with the time of modification by BDP,
and showed a steep decrease from 72° (beech
wood) to 50° after modification by plasma
for 120 s. The hydrophilicity (polarity) of the
wood surface depends on the polar oxygenic
functional groups formation during plasma
treatment of wood in air. After saturation
(from 60 s of the plasma treatment) of the
wood surface with polar groups, the wood
hydrophilicity was stabilized. The deeper de-
crease (from 70° up to 30°) of contact angles
was observed for birch and maple wood mod-
ified by BDP.
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Figure 2: Water contact angle of selected wood species wood surface treated by BDP in air vs. plasma acti-
vation time: a — beech wood, b — birch wood, ¢ — maple wood

The FTIR spectrum of selected wood
species represents a mixed spectrum of cellu-
lose and lignin with characteristic peaks in —
OH bonds with a maximum at about 3400
cm’!, so as in the area of fingerprints, which
is reflected oxygen bonds in groups in C—O—
C, COO, and unpolar CH> bonds typical for
polysaccharides. The peak (C—O—C) appears
for each of them as typical representative.
Ratios of integrated intensities of oxygen

bonding groups (with the majority contribu-
tion of —OH groups) with their maximum at
3400 cm’! and integrated intensities at the
2985 cm™ (CHz)sym were determined. How-
ever, this is only semi quantitative infor-
mation, Table 1 shows ratios of integrated in-
tensities P(~OH)/P(—CHb»), where the vibra-
tion of —CH>— was chosen as an internal
standard with the assumption that the plasma
treatment does not affect this area.

Table 1: The ratio of integrated peaks for P (2895, CH: stretch) and P (3400, OH stretch) calculated from
FTIR for selected wood species treated by BDP

BDP P(OH)/P(CH.) P(OH)/P(CH.) P(OH)/P(CH.)
treatment time 2 2 2
(s) Beech Birch Maple
unmodified 8.474 6.627 5.948
20s 13.973 10.135 11.914
40's 20.624 14.690 14.046
60's 22.986 18.632 16.960

In Table 1 we can observed an increase
of P(OH)/P(CH>) ratio with plasma treatment
time, that shows also an increase of the polar-
ity of selected wood species. The largest in-
crease was observed in the case of beech
wood (from value of 8.474 for the untreated
beech wood up to 22.986 for the 60 s plasma
treatment. The ratio P(OH)/P(CH») for un-
treated types of woods ranges from 5.948 to

8.474, which indicates approximately the
same hydrophilicity, that is, the content of —
OH groups on the surface of all types of
wood before any treatment was the same. It
can be concluded that FTIR-ATR measure-
ments confirmed that the plasma treatment
causes some changes at the surface of all
types of wood, which are dependent on the
time of exposition by plasma and it can be
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said that there is an increased content of hy-
drophilic groups compared to the untreated
samples. Conclusions from the FTIR-ATR
spectroscopy could be complemented by
measuring of contact angles of plasma
treated wood species as well.

CONCLUSIONS

The contact angle of water of selected
wood species modified by BDP in air de-
creased significantly with plasma treatment
time, Results of ATR-FTIR spectra measure-
ment confirms the increase of the wood po-
larity and hydrophylicity after BDP treatment
due to growth in —OH group amount. The
content of oxygenic polar groups on the sur-
face of wood after plasma treatment in-
creased, but the amount of carbon conversely
decreased. The concentration of —C-O,
COOH, and C=0O polar groups after treat-
ment by BDP significantly increased.
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