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“INFLUENCE OF WOOD SPECIES AND SANDING MACHINING ON PLASMA
TREATMENT EFFECTIVENESS REFERS TO WOOD SURFACE WETTABILITY”
INTRODUCTION
Among technological processes, planning and sanding are crucial stages. Thanks to these
operations, surface roughness achieved appropriate level enabling the final finishing, such as
varnishing. The goal of this activity is to obtain satisfactory esthetic properties of product. The quality
of surface can be more and more improved by hot pressing process. In general, thermal wood
modification according to mentioned above facts makes wood material much more valuable. Besides
decreasing of shrinkage and swelling and simultaneously dimensional stability, it gives another
advantage due to color effects that provides make European wood species a similar appearance of
exotic woods.
Unfortunately customers of THM wood must take into account some disadvantages of this
kind of wood surface treatment, that became serious obstacles to surface finishing as varnishing. The
reason of these problems is surface wettability. This circumstances are especially important
concerning phenomena of common usage of varnishes diluted with water as solvent. Thus, it is
important to assess the impact of different method of wood treatment (sanding, planning or hot
pressing) on surface quality. The need of solving this problem seems to be urgent because currently
there are available some quite innovative methods of overcoming this draw backs with use of plasma
retreatment. It is supposed that the mechanism of this surface inactivation consist in the migration of
hydrophobic extractives (difficult to moisten). As consequence, it appears lower oxygen/carbon (O/C)
ratio. The source of this process is decreasing polar groups such as O-H and increasing non-polar
groups such as C-C and C-H. This phenomena leads to lower level of wettability.
In general, there are two basic methods of plasma treatment. In one of them plasma
treatment is carried out under atmospheric pressure. This method was successfully used for the
mentioned earlier purposes. Acda M et. al [2012] verified that plasma treatment improved the
adhesion of phenol formaldehyde, urea formaldehyde resins and polyurethane coating in plywood
made of 3 wood species.
Podgórski et. al [1999] used also alternative methods such as corona discharge treatment
(CDT) which is carried out under atmospheric pressure, too. The above mentioned authors, describe
in details different variants of plasma treatment procedure. In this work, changes in operating
parameters as the type of gas, distance between samples and source of plasma, time of plasma
treatment or power were analyzed.
As was earlier mentioned, similarly as in case of hot pressing, the aim of sanding process is to
obtain appropriate surface roughness. A comparison between sanding and plasma with respect to
their effects on wood surface characteristics were presented by Wolkenhauer et.al [2007].
The authors of this work examined four variants: aged wood, freshly sanded, after plasma
treatment and after plasma treatment and sanding. They used four wood-species: beech, oak, spruce
and Oregon pine. In general plasma treatment turned out to be superior to sanding.
They observed huge fluctuation of results depending on wood species not only for plasma
treatment but also for sanding. Besides, there is lack of scientific coverings about the possibilities of
plasma treatment usage in vacuum conditions. The most relevant advantage of devices that work in
vacuum is to not require the preparation of samples with precise dimensions and though enabling to
carry out the process with different shapes of material.

MATERIALS AND METHODS
The goal of first stage of this mission was to determine surface energy for three groups of
wood samples subjected to three surface treatments: hot pressed, planed and sanded before plasma
treatment. Dimensions of working samples were as follows: length = 75mm, mm, width = 35mm,
thickness = 22÷25 mm (pressed samples were 22 mm of thickness and sanded samples 24 mm of
thickness and planned samples 25 mm of thickness). Besides, different types of MDF board were
examined. The length and wide of wood and MDF boards were the same. All variants of material are
summarized in table 1. The thickness of MDF samples was 14 mm.

l.p
1
2
3
4
5
6

Table. 1. List of materials
Wood subjected to three types of surface treatment
(hot pressed, planned, sanded)
Beech (Fagus sylvatica)
Oak (Quercus robur L.)
Pine (Pinus sylvestris L.)
Obeche (Triplochiton scleroxylon K. Schum.)
Tatajuba (Bagassa Guianesis)
Wenge (Millettia laurentii De Wild)

MDF board
standart
milled
milled, hot pressed
milled, sanded
milled, sanded, hot pressed
hot pressed

During hot pressing wood samples and MDF samples were subjected to a pressure of 4 MPa
at temperature 160°C for half an hour. Preliminary, wood samples have 25 mm of thickness. Planning
was carried out with usage of standard planning machine at a speed per teeth of 0,4 mm. Sanding
was carried out in two stages. In the first stage, the portable sanding machine was equipped with
paper of sand grid 80 and in the second one of sand grid 180.
The measurement of contact angle allow to estimate the surface energy which is commonly
defined as the work required to build a unit of area of a given surface. It was used the sessile drop
technique accessible on described below goniometer device. In general, the surface energy is
expressed in Joule per m2. The quantitative evaluation of the wettability of a solid by a liquid is made
in terms of contact angle. Fig. 1 shows a schematic diagram for the contact angle and the interfacial
tensions at the three phase boundary (liquid, solid and gas).

Fig 1. Schematic diagram of the contact angle and interfacial tensions of the three surfaces at three-phase
boundary.

The intermolecular interactions as van-der Waals forces, hydrogen bonding, polar
interactions or acid/base interactions play an important role in wettability phenomena. The surface
energy is considered as the sum of these independent components. In order to verify the character
of these interactions, it is indispensable to take into account more than one test liquid. Each of them
should be distinguished by different contributions of polar and dispersive forces. Thanks to this
procedure it is possible to obtain polar and dispersive component of material surface tension. There
are number of accessible methods to calculate these values. In this work it was assumed two
components Owens/Wendt theory method. In this methodology the total surface energy is

subdivided into two parts, namely: polar and dispersive component, what is expressed in equation 1
and 2.
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(for solid) (equation 1)
(for liquid) (equation 2)

The signs D in above questions stands for dispersive component of total energy and P stands
for polar component.
Table 2. Values of surface tension for formamide and water.
Total Surface Tension Dispersive Component
Polar Component
(mN/m)
(mN/m)
(mN/m)
Formamide
58.0
39.0
18.0
Water
72.8
26.4
46.4
According to measurement of contact angle for each kind of liquid, it is possible to obtain
surface energy with following equation 3:
Liquid

( equation 3)
By dividing of both side by

it is obtained new form of this one (equation. 4):

( equation 4)
According to The Owens/Wendt theory note that this equation has the form of y = mx + b
where the parameter “m” (slope of the straight line) and “b” (intercept of the straight line) can be
derived using data of contact angles and surface tension of two liquids (water and formamide).
Simultaneously, “m” is used to calculate the polar component of total tension for solid and “b” is
used to calculate dispersive component.
The measurement of contact angles was carried out, using the sessile drop method, on the
goniometer DataPhysics OC 20. The technical parameters of this device are shown in table 3.
The measurements were performed in the grain direction. For each sample, an average of 10
droplets were considered, each of them with a volume of 4 µL, both for water and formamide.
Contact angles of the two liquids were performed over time during approximately 5 s and the data
acquisition was carried out at a frequency of two samples per second. For calculations, the values of
contact angles collected at a fixed time (4 seconds) were considered.
View of goniometry is showed in Fig.2. Moreover, in Fig 3. is visible view of software
application which enable calculation of contact angle.

Fig.2 View of goniometer DataPhysics OC 20
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Fig.3 View of software in goniometer DataPhysics OC 20

Table 3. Technical parameters of goniometer DataPhysics OC 20
Parameters
-2
Ø 1x10 ÷2x103 mN/m
Range of surface and interfacial tension
Ø Resolution min: ± 0,05 mN/m
Ø Powerful 6-fold zoom lens (0,7÷ 4,5 fold
magnification) with integrated
continuous fine focus (±6 mm).
Ø CCD camera with a resolution max. 768 x
Optics
576 square pixels.
Ø Field of view: 1,75x1,4………11,7x9 mm.
Ø distortion: <0,05 %
Ø High performance image processing
system with 132 Mbytes/s data transfer
Video system
rate (compatible to European-standard
CCiR and US-standard RS-170)
Ø Up to 50 images/s digitizing speed.
Ø Sessile &Captive drop methods.
Measuring methods
Ø Tilting drop method
Ø Pendant drop method
Temperature measuring
Ø 2 x Pt 100-inputs for -60 ÷ 450 ° C

The second stage of this work consisted in the treatment of samples with vacuum plasma.
Unfortunately, this goal was not achieved. The crucial reason was problems with satisfactory level of
vacuum. The desirable value of vacuum was 0,4 mbar, that should have caused start of the next
stages of treatment process. The device was equipped with a pump which allowed to obtain a
maximum of 0,3 mbar. Despite many efforts and tests with the equipment, this task turned out and it
was not to be possible to carry out with such porous materials as wood or MDF boards. As
conclusion, it is worth to emphasis that in case of wood and wood based materials the plasma
treatment should be conducted successfully only at atmospheric pressure. This is the case of DBD
(dielectric barrier discharge) plasma treatment methods that are successfully used in different
branches of industry.

RESULTS AND DISCUSSION
As it was earlier described, six wood species were analyzed. The values of average contact
angle of water (time of measurement 5 sec) for each method of surface treatment are shown in
Fig.4. However, values of total surface energy were summarized in Fig.5.

hot pressed

90

planned

sanded

80
Contact angle [ ° ]

70
60
50
40
30
20
10
0
beech

oak

pine

obeche

tatajuba

wenge

Fig. 4. Contact angle of water for all wood species subjected to different methods of treatment.
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Fig. 5. Total surface energy for all wood species subjected to different methods of treatment.

In all showed samples (except wenge) the highest values of contact angle was noticed for hot
pressed samples. Samples subjected to planning distinguishes by lower level of contact angle.
According to above figures, especially significant decrease of contact angle took place after sanding
of European wood species. Within exotic wood species the level of contact angle for sanded wood is
higher and it became much more similar to the values measured for hot pressed and sanded
samples. Moreover, in case of wenge, the highest value was obtained for sample subjected to
planning.

In fig. 5. the total surface energy for all analyzed kinds of work samples is presented. It can be
assumed that there is no clear relation between contact angle of water the and total surface energy.
Even in case of beech, despite the lowest level of contact angle for sanding treatment (which is
twofold lower than for hot pressing) the spread of total surface energy values in case of all treatment
methods not exceed about 20 %. Moreover, the total surface energy for all wood samples noticed for
sanding remain on comparable level in spite of the clear increasing of contact angle refereed to this
type of treatment within all wood species (from beech up to wenge).
The contribution of dispersive and polar components in total surface energy is presented in
Figs. 6 to 11 for each wood species due to different surface treatments.
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Fig. 6. Contribution of surface energy components for
beech.
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Fig. 8. Contribution of surface energy components for
oak.
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Fig. 7. Contribution of surface energy components for
obeche
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Fig. 9. Contribution of surface energy components for
tatajuba.

80

70

70

60
50
40
30

TOTAL ENERGY
DISPERSIVE COMPONENT
POLAR COMPONENT

20
10
0

hot pressed
planned
sanded
Fig. 10. Contribution of surface energy components
for pine.
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Fig. 11. Contribution of surface energy components
for wenge.

From Fig. 6 to 11, it can be observed changes in values of contact angle mainly in polar part
of surface energy. For European wood species and obeche subjected to sanding is remarkable the
relatively high level of this part of surface energy. In case of tatajuba and obeche, where differences
of contact angle between different methods of treatment are not so clear, it can be observed lower
values for the polar component of total surface energy. For this two wood species, the highest level
of the polar component is found for hot pressed samples. For planned and sanded samples of
tatajuba and wenge, the polar components of surface energy are comparable.
As was described earlier, samples from MDF were subjected to different treatments, too. The
results of contact angle measurement shows Fig. 12.

Fig.12. Contact angle of water for all kinds of MDF board subjected to different methods of treatment.

Similarly, as in the analysis of wood samples, the contribution of different components of
surface energy for all kinds of MDF treatment were determined and they are shown in Fig.13

Fig.13. Contribution of surface energy components for different methods of MDF boards treatment.

Figure 13 proved that in case of MDF boards there are no significant differences in polar
component of surface energy between different surface treatments. The contribution of polar
component of surface energy is very low what could explain the much higher level of contact angle
for all MDF boards where the minimum angle amounted about 90° , in comparison with values
obtained for wood,. The highest value for wood was noticed for obeche subjected to hot pressing,
namely 83°. In general, the influence of treatment methods of MDF boards is not of so great
importance as in wood. However, the high values of contact angle might indicate that further efforts
to improve the wettability of this kind of wood based material are needed in the future. Besides,
according to results of plasma treatment, the need of additional work using DBD technique for wood
based materials seems to be desirable.

CONCLUSIONS
From conducted and described above researches follows:
Ø Plasma treatment of wood based materials can be successfully carries out only in
atmospheric pressure. The crucial reason which makes this process impossible is
unsatisfactory level of vacuum accessible in this kind of device.
Ø Contact angle for European wood species (beech, oak and pine) subjected to sanding
is especially low. Exotic wood species used in experiments distinguishes by much
lower differences of contact angle regards to methods of wood treatment.
Ø Hot pressing caused visible increasing of contact angle for fast all wood species
(except wenge)
Ø Changes of wettability determined with contact angle are visible in fluctuation of
polar part of total surface energy.
Ø MDF boards have comparable wettability for all variants of material processing
methods. The contact angle amounted above 90 ° what is much more than the
values observed for all analyzed wood species.
Ø Contribution of polar component of total surface in comparison with dispersive
component for MDF boards is much less than for wood.
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