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Impact of different wood based materials treatments on surface quality
assessed by contact angle and NIR spectroscopy

Pawel Czarniak', Jacek Wilkowski', Jarostaw Gérskil, Piotr Borysiuk’, Jorge Manuel
Martins’, Ana Henriques®, Ferndo Magalhﬁes“, Luisa Carvalho™

" Dept. of Wood Machining, Warsaw University of Life Science - Faculty of Wood
Technology, Nowoursynowska 159 str., 02-787, Warsaw, Poland
pawel czarniak @sggw.pl, jacek wilkowski@sggw.pl, jaroslaw _gorski@sggw .pl

? Dept. of Wood Based Materials Engineering, Warsaw University of Life Science - Faculty
of Wood Technology, Nowoursynowska 159 str., 02-787, Warsaw, Poland
piotr_borysiuk @sggw.pl

* DEMad-Dept of Wood Engineering, Polytechnic Institute of Viseu, Campus Politécnico de
Repeses, 3504-510 Viseu, Portugal and LEPABE — Laboratory for Process Engimeering
Environment, Biotechnology and Energy. Dept. of Chemical Engineering, University of

Porto - Faculty of Engineering, Rua Dr° Roberto Frias, 4200-465, Porto, Portugal
immartins @estv.ipv.pt, lhcarvalho@fe.up.pt

* LEPABE - Laboratory for Process Engimeering Environment, Biotechnology and Energy,
Dept. of Chemical Engineering, University of Porto- Faculty of Engineering, Rua Dr°
Roberto Frias, 4200-465, Porto, Portugal
eq05006 @fe.up.pt, fdmagalh@fe.up.pt

Key words: hot pressing, sanding, planing, contact angle
Abstract

Among technological processes used for wood processing, planing, milling and sanding are
crucial stages. Thanks to these operations, surface roughness achieves appropriate level,
enabling the final finishing, such as varnishing. The quality of surface can be improved by
other modification processes such as hot pressing. Beneficial effect of hot-pressing process
on surface roughness was proved by Akbulut et. al for MDF panels [1].

The influence of sanding on wettabilitty of wood was analyzed by Wolkenhauer et. al [2].
Authors examined four wood variants: aged, freshly sanded, after plasma treatment and after
plasma treatment and sanding. Results showed a significant increase of the polar component
of total surface energy and work of adhesion in comparison to aged samples.

Cruz et al. [3] used three kinds of treatment (overdrying, extraction with water, and surface
aging under light) to modify pine and eucalyptus. All these procedures result in an increase of
contact angle.



According to researches of Gindl et al. [4], the changes of wettability for aged samples are
caused by a decrease of oxygen to carbon ratio observed in XPS analysis. Moreover, they
noticed a decrease of surface free energy with aging time. Since contact angle measurements
are difficult to be implemented on-line, NIR (near infrared spectroscopy) reflectrometry is a
possible technique to assess surface properties in a production line [5]

The aim of this work was to assess the impact of machining processes commonly used in
industry (sanding, planing or milling) on surface properties assessed by contact angle and
NIR in comparison to hot-pressing.

Six wood species (planned, sanded and hot-pressed) and MDF boards (standard, milled,
milled-hot pressed, milled-sanded, milled-sanded-hot pressed, hot-pressed) were subjected to
different surface treatments. During experiments, the following wood species were studied:
beech (Fagus sylvatica), oak (Quercus robur L.), pine (Pinus sylvestris L.), obeche
(Triplochiton scleroxylon K. Schum.), tatajuba (Bagassa Guianesis) and wenge (Millettia
laurentii De Wild). All working samples were subjected to a pressure of 4 MPa at
temperature of 160 °C for half an hour. Sanding was carried out in two stages (abrasive paper
of grit 80 and 180).

The contact angles were assessed using a contact angle goniometer DataPhysics (see Figure
la)). Two test liquids (water and fornamide) were used, which permitted to determine the
polar and dispersive component of total surface energy according to Owens/Wendt theory.
Diffuse reflectance NIR spectrometer Ocean Optics NIRQuest was used to assess changes in
the surface chemistry.
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Figure 1: a)View of contact angle b) Contact angle of water for all wood species
goniometer DataPhysics OCA 20 subjected to different surface treatment methods

The main conclusions of this work are:

e Contact angles for European wood species (beech, oak and pine) subjected to sanding are
especially low. However, differences in contact angles are higher than for exotic wood
species, Hot-pressing caused visible increase of contact angle for all wood species (except
wenge). Changes of wettability are mostly due to fluctuation in the polar component of
total surface energy.
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e MDF boards have comparable wettability for all variants of material processing methods,

but the contact angle values were above 90°. For MDF, the contribution of the polar
component of total surface is much lower than for wood.

e NIR spectroscopy proved to be a promising technique to assess surface chemisty of wood

and wood-based panels.
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