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Wood wetting with various liquids
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Abstract: Wood wetting with various liquids. Wood wetting with standard liquids is a complex process
controlled by chemical composition of the liquids used, properties of the substrate, interactions among
unsaturated force fields across the phase boundary between wood and liquid as well as by secondary effects of
a range of factors implied by specific properties of the wood and the liquids used. The results suggest that both
disperse and polar components of the wood surface free energy are necessary to quantify separately. The yg*
values have been found properly determined at the phase boundary between wood with a-bromonaphtalene and
between wood and diiodomethane; the yg/ values at the phase boundary between wood and apolar-polar liquids
with the polar component bigger than the polar component of wood. In our case, such liquid was water. Thus, the
wood surface free energy values s representing the sum of the disperse and polar component yg,* and yg/,
respectively, determined as described in this paragraph are higher than the wood surface free energy values
determined with one liquid only.
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INTRODUCTION

Wetting of wood surface with liquids has the decisive role for adhesion of liquid and solid
materials to the wood. This is important for gluing, surface treatment and modification of wood.

The capacity of a liquid to wet the surface of a solid is assessed through the size of the
contact angle between the two materials. The values of contact angle measured at the phase
boundary with a liquid standard provide the base for determining the thermodynamic
characteristics of the wood surface —surface free energy and its components.

As liquid standards perform liquids constrained in wood surface wetting, that means
apolar and apolar-polar liquids showing additive properties for surface free energy. The
differences in the chemical composition of these liquids affect the origin and character of their
phase boundary with wood. These differences are manifested through different values of surface
free energy and its components.

The main subject of the papers published in the recent 15 years has been the
measurement of surface free energy of wood sy, its components — disperse and polar: y;” and
¥/, Lifshitz van der Waals component 7SVLW and Lewis acid-base component 7SVAB . These
methods also use experimentally measured values of the contact angle at the phase boundary
between wood and liquid standards. In general, there are used parallel three liquids differing in
their surface free energy. The contact angle is measured at the beginning of wetting process.
The time interval for all the simultaneously used liquids is always the same, not considering
differences in their chemical and physical properties. The most frequently used liquid standards
are o-brom-naphtalene, diiodomethane, formamide, ethylene glycol, glycerine and water
(GARDNER 1996, ZHANG et al.. 1997, GINDL et al. 2001, GINDL and TSCHEGG 2002,
BLANCHARD et al. 2009, PIAO ef al. 2010 and other). These liquids are apolar or apolar-polar,
with additive ptoperties of surface free energy. The wood wetting with these liquids is
constrained.

LIPTAKOVA and KUDELA (1994) calculated surface free energy based on the contact angle
6, associated with an ideally smooth surface. The values of this contact angle are generally
smaller than the values of the contact angle &) occurring at the beginning of the wetting process.
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This results in higher values of surface free energy and its polar share for 6, . We propose this
angle as more fitting for calculation of thermodynamic characteristics expressing interactions at
the phase boundary between wood and liquid or solid substances. However, neither this method
has been accepted without doubts (SUNGUO and JOHANSSON 1996, PIAO et al. 2010).

Summarising the results, there were found differences in contact angle values and free
energy values for the same material between the authors. There should be, however, no
differences in surface free energy values.

The aim of our work was to analyse the wetting process in selected wood species, with
using liquids of diverse polarity — currently used for determining surface free energy of wood
and the components of this energy.

MATERIAL AND METHODS

The experimental works were performed with beech wood specimens, 15 x 15 x 15
mm in size. The wetting of specimens was studied on their radial and tangential surfaces
treated with microtome. The wood surfaces obtained in this way only depend on the wood

anatomical structure (KUDELA and LIPTAKOVA 2006).
The specimens pre-treated in this way were placed into
a conditioning box, and then acclimated to a 12% moisture
) content. The moisture content in the specimens was measured
/ 2} \ \ gravimetrically before the wetting process itself. For the
i 3 | calculation of contact angle were used the results adapted from
STRBOVA et al. (2013): parameters (diameter and height) of
a sessile drop applied onto wood surface — Fig. 1. The wood
wetting process was studied with using an analyser DSA30

Fig. 1 Parameters of a sessile
drop

Standard with the attached programme package. The wood wetting liquids were five (Table 1).

Tab.. 1 Parameters of liquid standards used in study.

y 7 4 7 7 n
Testing liquid mJm? [mJm? [mIm?] [mIm?] [mJm?] [Pas]
Water 72.80 21.80 51.00 25.50 25.50 0.010
Ethylene glycol 48.00 29.00 19.00 1.92 47.00 0.210
Formamide 58.00 39.00 19.00 2.28 39.60 0.038
o-Bromonaphtalene 44.00 44.00 0.00 0.00 0.00 0.050
Diiodomethane 50.80 50.80 0.00 0.00 0.00 0.028

The equilibrium state in the wetting process was identified according to LIPTAKOVA
and KUDELA (1994) who assign it to the moment when the liquid stops spreading onto the
surface and starts receding. This moment can be determined through the drop diameter — d.
We considered the contact angle determined in this way as the equilibrium one and the basic
one for further calculations.

For applying the liquid onto the specimen surface we used a dosing applicator (injection
syringe). The amounts applied were 0.0018 ml each. The varying drop shape was observed in the
fibre direction, onto the tangential and radial surface, from the moment of application to the
complete soaking into the substrate. The drop image was scanned with a camera and transmitted
onto a monitor. The measuring results were automatically assembled in a computer.

The values of contact angle 6, determined form the wood wetting with one liquid were used
for calculation of surface free energy according to the modified equation proposed by NEUMANN et
al. (1974)

_ (0013775 =2,00)-\Jys -y +71
yr (0,015-\/ys -y =D
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The disperse and polar component 7/Sd and y were calculated according to KLOUBEK
(1974), by solving the equations

\/7 \/7(1+cos¢9 \/7 1+cosﬁ) 2)
\/; P (1+cosﬁ) \/7 1+0059). . 3)

RESULTS AND DISCUSSION

During the wetting of beech wood surface with apolar and apolar-polar liquids, the
contact angle was always subjected to permanent changes with time. For all the testing liquids
used, the study of drop diameter confirmed to earlier observations that the drop diameter
augments until a certain moment and then diminishes gradually. This means that the advancing
contact angle switched to the receding in all cases. In the preceding text (see p.3) we defined
this moment as the equilibrium state. There occurred differences in the time #,, necessary to

reach the equilibrium state as well as differences in the values of contact angles &, 6,, 6,. The
values of ,,equilibrium* time (#,) were different for different liquids (Table 2). It is evident that

the time #, depends on the liquid’s polarity. In apolar liquids, the time #, was shorter in o-
bromonaphtalene.

Tab. 2 Basic statistical characteristics of time ¢, values for various liquids

Radial surface Tangential surface
Liquid Basic stat. characteristic z,

x[s] s[s] v[%l] x[s] s[s] v[%l]
Water 65.7 25.3 38.5 72.0 27.8 38.7
Ethylene glycol 9.9 14.6 148.1 11.4 16.1 140.3
Formamide 3.5 4.9 139.6 3.5 5.0 144.6
o-Bromonaphtalene 0.8 1.0 129.6 0.8 1.2 146.2
Diiodomethane 8.8 12.3 139.7 8.9 10.1 113.4

In liquids displaying apolar-polar properties (water, ethylene glycol, formamide), the
time ¢, increased with increasing polar component of surface free energy of the liquids. On the
other hand, the results obtained with ethylene glycol show also an impact of viscosity —
substantially higher in this liquid than in the other tested ones.

We deduce that the differences in performance among the liquids reflect the
differences in their surface free energy and viscosity. Our method for determining the
equilibrium contact angle,, however, can ensure elimination of viscosity influence in liquids.

The variability of #, values in frame of the same liquid was the result of the composition
unevenness of wood surface and the random location of the drop onto the surface. This is true
equally for radial and tangential surfaces. This high variability caused that there was no
significant difference in ¢, values between the radial and the tangential surfaces.

The different performance of liquids at their phase boundary with wood was also reflected
in the values of contact angles 6y, 6, and 6,, (Table 3). The highest contact angle 6, values at
the moment of the drop application were measured in case of redistilled water, the lowest ones in
the case of a-Bromonaphtalene. There were not big differences among the other liquids.

At the moment of the drop application onto the surface, there are two different phases
(wood substance and air) with different surface energies beneath the drop. In this case, the values
of @) were the results of interactions at the phase boundary between wood and water, the
morphological and chemical properties of wood surface; while 6,, values only depend on the
chemical properties of the substrate (LIPTAKOVA et al. 1998, 2000).
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Further we determined the surface free energy and its components. Table 4 displays
average values of these items. The surface free energy values varied in quantity and quality,
according to the liquid the value was determined with. The results assembled in Table 4 show that
the surface free energy values of wood do not only depend on the wood surface properties but also
on the chemical structure of the liquid standard used. The differences are rather big, being in
contradiction with the surface free energy conception as a material constant of substances.

Tab. 3 Average values of contact angles &, @, and 0, at the phase boundary wood — liquid

Liquid Radial surface Tangential surface

@0 @u @w 00 @u Qw

[°]

Water 70.0 20.1 23.9 68.2 16.5 19.7
Ethylene glycol 34.0 11.9 12.4 35.7 10.7 11.4
Formamide 31.6 15.4 15.8 36.2 12.5 13.2
a-Bromonaphtalene 15.6 13.4 13.5 13.7 12.1 12.1
Diiodomethane 38.5 37.9 38.0 40.9 40.5 40.6

Tab. 4 Average values of surface free energy values and its components in beech wood

Radial surface Tangential surface

Liquid P P r P

j/S }/S }/S }/S }/S }/S

[mJm-2]

Water 68.0 30.8 37.2 69.6 29.8 39.8
Ethylene glycol 46.4 29.0 17.4 46.8 29.0 17.8
Formamide 55.6 393 16.3 56.2 393 17.0
o-Bromonaphtalene 42.6 42.6 0.0 42.9 42.9 0.0
Diiodomethane 41.3 40.5 0.8 40.1 39.2 0.9

The surface free energy determined with using apolar liquids (o-Bromonaphtalene and
Diiodomethane), was the lowest, practically the same as their disperse component, with the polar
component nearly zero. Apolar liquids with disperse component bigger than the disperse component
of wood are suitable for determining only the disperse share of the surface free energy of wood.

To determine the polar share of surface free energy of wood, there are needed liquids
whose surface free energy shows additive properties. The differences between the values v,/
(Table 1) and the determined values ys;” (Table 4) allow us to conclude that crucial values for
determining the polar share of surface free energy of wood are the values obtained with water.

The results also imply that the surface free energy of wood cannot be determined
completely with using one single liquid from the ones discussed in this paper. The disperse
and the polar share of the surface free energy of wood are possible to determine separately
with using appropriate an apolar and an apolar-polar standards.

The surface free energy of materials represents the sum of its disperse and polar
shares, consequently, the surface free energy of the studied surfaces is higher that the energy
obtained with using one liquid only.

The surface free energy values js, and the values of its disperse and polar components ySVd
and ys/” obtained in this way are higher than the values reported in the literature. This is due to the
liquid used as well as due to the methods used for determining the equilibrium contact angle.

Our results show that the values of surface free energy of wood ysp as well as the
values of its disperse and polar components ys;* and ys/” are in general higher than it has
been supposed until now — in the case when the disperse component of wood is determined
with using apolar liquids with their disperse component higher than the disperse component
of wood and the polar component of wood is determined with using apolar-polar liquids with
their polar component higher than the polar share of wood expected. Consequently, there also
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will occur stronger cohesion in wood and stronger adhesion at the phase boundary between
the wood and liquid or solid materials. This fact, however, will not have a decisive influence
on the relations between wood and these materials, including coating materials and glues
described in (LIPTAKOVA et al. 2000, LIPTAKOVA and KUDELA 2002, PROSZYK et al. 1997,
KUDELA and LIPTAKOVA 2006, PECINA and PAPRZYCKI 1995 and others).

CONCLUSION

Our results have confirmed that the wood wetting with standard liquids depends on the
chemical structure of the liquids used, on the properties of the substrate, on the interactions of
unsaturated force fields at the phase boundary between wood and liquids and also on secondary
effects of a large number of factors implied by the specific properties of wood and of the liquids
used.

The currently used liquid standards for assessment of wood surface properties perform
in a different way at the phase boundary with wood. The interactions of surface forces during
wood wetting with apolar liquids are controlled by dispersion forces, that means by forces
with apolar character. The equilibrium occurs at the beginning of the wetting process.

Apart from dispersion forces, at the phase boundary between wood and apolar-polar
liquids, polar forces act too. Also in this case, the interaction among apolar forces occurs at the
beginning of the wetting process, the polar forces, however, come into effects gradually. The
equilibrium occurs at the time #,, which is the time of the equilibrium contact angle 6,. The
contact angle 6, and the derived value of the contact angle corresponding to the ideally smooth
wood surface 6, grow proportionally with growing polar share of the surface free energy 71,

These results suggest that it is necessary to determine the disperse and the polar
components of surface free energy of wood separately. For determining the values of yg/*
were found suitable the results obtained at the phase boundary between wood and a-
Bromonaphtalene and Diiodomethane; for determining ys)”, the results obtained at the phase
boundary between wood and apolar-polar liquids with polar component bigger than the polar
component of wood. In our case, such liquid was water. Thus, the surface free energy of wood
¥y is the sum of the determined disperse and polar shares ys; and ys)”.
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Streszczenie: ZwilZalnos¢ drewna rozmymi cieczami. Zwilzanie drewna cieczami jest
ztozonym procesem zwigzanym ze skltadem chemicznym cieczy, wilasno$ciami substratu,
interakcjami pomiedzy uktadami sit na granicy faz oraz wieloma czynnikami zwigzanymi
z wlasno$ciami cieczy oraz podiloza. Praca przedstawia rozwazania oraz wyniki
eksperymentdéw zwilzalno$ci drewna za pomocg roznych cieczy.

ACKNOWLEDGEMENT: We highly acknowledge the support from the Scientific Grand Agency of
the Ministry of Education SR and the Slovak Academy of Sciences (Grant No. 1/0893/13 ,Surface
properties and phase interface interactions of the wood — liquid system*).

Corresponding author:

Jozef Kudela,.FrantiSek Wesserle

Department of Wood Science, Faculty of Wood Sciences and Technology,
Technical University in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovak Republic
e-mail: kudela@tuzvo.sk

161


http://apps.isiknowledge.com/full_record.do?product=WOS&colname=WOS&search_mode=CitingArticles&qid=9&SID=X11j8g5Cj7HFhhIlb5K&page=1&doc=1&cacheurlFromRightClick=no
http://apps.isiknowledge.com/full_record.do?product=WOS&colname=WOS&search_mode=CitingArticles&qid=9&SID=X11j8g5Cj7HFhhIlb5K&page=1&doc=1&cacheurlFromRightClick=no
mailto:kudela@tuzvo.sk

