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The Influence of Hot Compression on the Surface
Characteristics of Poplar Veneer

Wending Li, Chao Wang, Yang Zhang,* Chong Jia, Chenchao Gao, and Juwan Jin

The surface characteristics of wood veneer are inevitably influenced by
hot compression treatment, which is crucial to bonding ability in the
production of veneer-based composites such as plywood and laminated
veneer lumber (LVL). The objective of this study was to investigate the
effect of compression at the temperature of 120 °C on the surface
roughness, surface element compositions, and surface free energy
(SFE) of poplar veneer. The results showed that the surface roughness
of veneer decreased with increasing compression ratio (CR). X-ray
photoelectron spectroscopy (XPS) analysis indicated that the oxygen to
carbon atoms ratio (O/C ratio) of the veneer surface decreased, while the
carbon Cl1 to C2 atoms ratio (C1/C2 ratio) increased due to hot
compression. The SFE of veneer increased by 12% at the CR level of
11%. The improvement in wettability was mainly due to the interfacial
contact area increase of the hydrophilic veneer and the decrease in
hydrophobic air in the liquid-veneer interface as the CR level increased.
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INTRODUCTION

Wood is a complex hygroscopic material, composed of cellulose, hemicellulose,
lignin, and extractives. It has a heterogeneous, rough, or even porous surface due to the
cell wall structure (Inari et al. 2006; Mohammed-Ziegler et al. 2004).

As one of the most important fast-growing tree species in China, poplar (Populus
euramericana cv. ‘I-214°) trees have been widely planted and provide raw materials for
making fiberboard, particleboard, plywood, and nonstructural laminated veneer lumber
(LVL). But poplar wood is a challenging species for engineered wood products due to its
lower wood quality, including intrinsic low specific gravity and poor mechanical
properties (Bao and Liu 2001; Cai et al. 2013; Wei et al. 2013; Zhang et al. 2012). To
overcome these drawbacks, wood densification by hot compression has been shown to be
a promising modification technique (Fang et al. 2012b; Gong et al. 2010). During the hot
compression process, wood density is increased by reducing the void volume of the
lumens, and hence the physical and mechanical properties can be enhanced significantly
(Kutnar et al. 2009; Kutnar and Kamke 2012; Rautkari et al. 2010). Densified wood as a
patent product dates back to the 1900s in America (Fang et al. 2012b; Haygreen and
Daniels 1969). Since then, many researchers have studied the effect of the wood
densification process on mechanical properties (Anshari et al. 2011; Avila et al. 2012;
Fang et al. 2012a; Hergjarvi 2009), set recovery (Fang et al. 2011; Rautkari et al. 2010),
and surface hardness (Bao and Liu 2001; Gong et al. 2010).
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Set recovery of compressed wood due to internal stresses can be almost
eliminated by a high-temperature hydrothermal treatment (above 200 °C) (Fang et al.
2011; Rautkari et al. 2010). However, hot compressed wood with a higher temperature
(above 160 °C) increases the hydrophobic character of the wood surface due to the
migration of extractives and the cleavage of acetyl groups of hygroscopic compounds
such as hemicellulose (Biiyiiksar1 2013; Diouf et al. 2011; Tjeerdsma and Milit 2005).
The wettability of the wood surface decreases significantly with an increase of hot
compression temperature (Ayrilmis et al. 2009). For wood that is heat-treated below 120
°C, the extractives are minimally affected and the wood surface remains totally
hydrophilic (Hakkou et al. 2005; Poncsak et al. 2009).

Compression treatment at a relatively low temperature mainly influences the
surface quality of wood or veneer by varying the surface morphology at a nanometric and
micrometric scale (Candan et al. 2010; Miller et al. 1996; Ostrovskaya et al. 2003). The
lathe checks of veneer can be conglutinated, and the surface roughness was reported to be
decreased by the compression process (Fang et al. 2012b). Imirzi et al. (2014) studied the
effect of temperature of compression on the surface roughness of Scots pine and found
that the lowest roughness was obtained at 140 °C. Bekhta et al. (2009, 2012) used the
compressed veneer to produce higher shear strength plywood with lower glue
consumption and lower pressing pressure. They also found the temperature of veneer
compression had a significant effect on the shear strength of plywood. However, there is
a lack of information about the surface chemical structure and elemental composition of
veneer during the process of compression.

The surface qualities of veneer are crucial to surface wettability and bonding
quality between veneer sheets. Wettability can be characterized using thermodynamic
wetting parameters such as contact angle (CA), surface free energy (SFE), and work of
adhesion (WA) (Walinder 2002). SFE is an important parameter in evaluating the
chemical properties of solid materials surface. It reflects the state of imbalance in
intermolecular interactions at the phase boundary of two mediums and represents the
wettability of the solid materials (Cern et al. 2008). It is increasingly used as a measure of
adhesive properties in the area of wood-based composites (Rudawska and Jacniaka
2009).

To date, numerous investigations of the SFE of wood have been reported,
including SFE and its components (Gardner 1996; Ma et al. 1990; Shen et al. 1998; Shi
and Gardner 2001; Walinder and Strom 2001), differences within and between wood
species (McConnell and Shi 2011; Mohammed-Ziegler et al. 2004; Rossi et al. 2012),
heat treatment (Kutnar et al. 2008; Walinder 2002), and comparison of different models
(Gindl et al. 2001; Zenkiewicz 2007). Various models have been developed to calculate
the SFE of a solid from CA measurements, including the critical surface tension approach
(Mahadik et al. 2011; Zisman 1963), harmonic mean equation (Wu 1971), geometric
mean equation (Owens and Wendt 1969), and acid-base approach (Van Oss et al. 1987;
Van Oss and Giese 1995). Compared to other approaches, the acid-base approach
provides greater accuracy in calculating SFE components of wood (Gindl et al. 2001).

Currently, despite some studies related to the surface roughness of compressed
veneer (Bekhta et al. 2009, 2012; Fang et al. 2012b), there is still insufficient information
concerning the surface characteristics of veneer under the process of hot compression,
which directly influence the bonding quality of veneer-based composites. Therefore, the
objective of this work was to investigate the impact of hot compression treatment at a
temperature of 120 °C on the surface roughness, surface element composition, and SFE
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of poplar veneer to provide a guide for the appropriate application of compressed veneer
in veneer-based composites.

EXPERIMENTAL

Materials

Seven-year-old green poplar (Populus euramericana cv. ‘I-214’) logs were
obtained from Jiangsu province, China. Eight logs (about 50 cm in length and 20 cm in
diameter) from each of five different trees were used for veneer cutting with a laboratory
rotary lathe. All veneer were air-dried for 7 days to reach an approximate moisture
content of 15% and a density of approximately 0.41 g cm™. Five sheets of veneer were
selected randomly, and each one was sawn to a smaller sheet with dimensions of 120 mm
(length) x 50 mm (width) x 3.2 mm (thick). Each veneer sheet was tailored to six strips
with a length of 50 mm and a width of 20 mm, as shown by the schematic (Fig. 1). The
veneer strips were conditioned in a climate chamber with a relative humidity (RH) of
65% and a temperature of 20 °C for one month to reach equilibrium moisture content
prior to compression.

Fig. 1. Schematic illustration of the preparation for veneer specimens

Methods
Compression treatment

Veneer strips were compressed by a laboratory hot-press for 15 min. The hot
pressing temperature was 120 °C (a normal temperature used in the production of veneer-
based composites). Based on our previous research (Li et al. 2010; Zhang et al. 2012),
the pressure levels were set at 0.5, 1.0, 2.2, 2.8, and 3.3 MPa. The compression ratio (CR)
was calculated according to Eq. 1,

CR = @ x 100% 1)

0

where T, and T, are the thicknesses of the specimen before and after the compression
treatment, respectively. Meanwhile, non-compressed veneer strips, which were used as
control specimens, were placed in an oven at 120 °C for 15 min.

Then, each strip was cut into five specimens with a length of 20 mm and width of
10 mm (Fig. 1). Five replicates per treatment were prepared (5 specimens x 6 treatments
x 5 replicates; n = 150). The actual dimensions of the specimens were measured three
times using a caliper (precision 0.01 mm) immediately after treatment.
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Roughness measurements

The average roughness (R,) and average maximum height of the profile (R,) are
defined in the ANSI/ASME standard (B46.1 2002). A TR110 Roughometer (TIME
GROUP, China) with a display resolution of 0.01 um was used to evaluate the roughness.
Immediately after hot compression, five locations on each specimen were randomly
selected and measured from both the tight side and loose side. The cutoff length was 0.8
mm, and the evaluation length was 4.0 mm. The overall veneer roughness parameter R,
was the arithmetic mean of R, values from both the tight side and the loose side. The
roughness parameter of R, was measured following the same routine.

X-ray photoelectron spectroscopy

A PHI VersaProbe 5000 Scanning X-ray photoelectron spectrometer (XPS;
ULVAC-PHI, Inc., Japan) was used to identify the elements and chemical data present at
the surface of the specimens. The specimens with an area of 5 mm x 5 mm were placed
in the chamber. The base vacuum in the chamber was below 6.7 x 10™° mbar. X-rays
were irradiated from a monochromatic Al Ka source (1486.6 eV) operating at 40 W at an
incident angle of 45°. Carbon C1s peaks with high-resolution spectra at 285 eV were
corrected. A Gaussian function was used to curve fit the spectrum using PeakFit, v4.12
(SeaSolve Software Inc., USA). The C1/C2 ratios were determined according to peak
area.

Contact angle measurements

The Wilhelmy plate method was used to measure the CA of prepared veneer
specimens with various liquids (Table 1). The tests were carried out using a Sigma 701
tensiometer (KSV, Finland). Each specimen was suspended from the electronic
microbalance (precision 1.0 uN) and was immersed and withdrawn from a probe liquid at
a constant velocity of 5 mm min™. The whole process was completed in a closed
environmental chamber at 20 °C and RH 50%. The specimens were tested in both polar
and nonpolar probe liquids (Table 1): water (distilled in laboratory); formamide (99.0%
purity, Sinopharm Inc., Shanghai); glycerol (99.0% purity, Nanjing Chemical Inc.,
Nanjing); diiodomethane (chemically pure, Sinopharm Inc., Shanghai), and n-hexane
(97.0% purity, Sinopharm Inc., Shanghai). Five replicates were tested for each probe
liquid.

Table 1. Density, Viscosity, Surface Tension, and Surface Tension Components
of Probe Liquids at 20 °C

o Densit Viscosity )’ ") )° 0i)°
Test liquids (g cm'% (MPa.s) MJm?) MIm?) MIm?) (MIm?
Water (W)a 0.999 1.002 72.8 21.8 25.5 25.5
Formamide (F)a 1.133 2.93 58 39 2.28 39.6
Glycerol (G)* 1.250 1499 64 34 3.9 57.4
Diiodomethane (D)* 3.325 3.35 50.8 50.8 0 0
n-Hexane (H)* 0.663 0.29 18.4 18.4 0 0

2 Abbreviations represent probe liquids; "surface tension of probe liquids; °Lifshitz-van der Waals
component; delectron-donor parameter; °electron-acceptor parameter. Data is referenced from
Good 1992, Van Oss et al. 1992, Kwok et al. 1994, Shen et al. 1998, and McConnell and Shi
2011.
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Surface free energy determination
The general equation describing the interaction of surface tension of a liquid (L)
and a solid (S) is the Young equation (Young 1805), given as Eq. 2:

YLCOSO =ys —Vsi (2)

Here, y, is the surface tension of test liquid, 6 is the CA, ys is the SFE of the solid, and
¥s.. 1S the solid-liquid interfacial tension (Van Oss et al. 1992).

The concept of work of adhesion (W) is introduced, which represents the work
needed to separate an area of liquid from an area of solid (Good 1992; Selvakumar et al.
2010).

Wsi, =vs+vL—VsL (3)

The Young-Dupre equation is obtained by combining Eqgs. 2 and 3 (Good 1992;
Walinder 2002):

W& =y (1+ cosB) 4

To obtain the total SFE and its components for the veneer surface, the acid-base
approach was applied. The acid-base approach as proposed by Van Oss et al (1987) for
the SFE of a solid has two parts:

y =y +y48 (5)

where yIW and y4Z are the Lifshitz-van der Waals (LW) and Lewis acid-base (AB)
energy components, respectively.

The surface tension component arising from the London dispersion force
designates for LW energy component or apolar component. The AB energy component
or polar component is mainly due to hydrogen bond interactions, dipole-dipole, and
dipole-induced dipole force (Good 1992; Kwok et al. 1994). y48 can be expressed in
terms of the products of its electron-acceptor (Lewis acid) and electron-donor (Lewis
base) parameters (Van Oss et al. 1987; Van Oss and Giese 1995),

v =2yt rT (6)

where y* is the electron-acceptor parameter and y ~ is the electron-donor parameter.

The SFE component y“Wand polar parameters y* and y~ of a solid (S) can be
calculated by CA determination with one apolar and at least two polar probe liquids (L),
using the following equation (Kwok et al. 1994),

(1+ cos0)y, = 2yEWyEY + 2\ ydy + 2vs v (")

Statistical analysis
A one-way analysis of variance (ANOVA) was performed by using the SPSS
software (Version 19.0, IBM SPSS Inc., Chicago, USA) for data analysis. The
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differences between means were tested with least significant differences (LSD) at 5%
level.

RESULTS AND DISCUSSION
Effect of Compression Ratio on Surface Roughness

The resulting CR for each specimen is listed in Table 2. The surface roughness
parameters R, and R, for non-compressed (control specimen) and compressed veneer are

shown in Fig. 2.

Table 2. Compression Ratios of Veneer

Specimen No. Compre?;gl;)pressure (Cé/?)
Control 0 0
CR2 0.5 2
CR5 1.0 5
CR11 2.2 11
CR34 2.8 34
CR45 3.3 45

Compared with the control, both values of R, and R, decreased drastically from
5.01 um and 30.09 pm to 4.23 pum and 23.88 pum for specimen CR11, respectively. Then,
the R, and R, values decreased gently to 3.41 pum and 20.0 um, respectively, at a CR
level of 45%. Analysis of variance (ANOVA) confirmed the effects of CR on R, and R,
were both significant (P < 0.05).
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Fig. 2. The effect of CR on surface roughness of veneer
The rough and porous structure of the veneer surface is caused by the cell lumens

and lathe checks. The pore size distribution of lumens can be distinguished with
diameters in ranges of 0.5 to 58 pum (macropores), 80 to 500 nm (mesopores), and 1.8 to
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80 nm (microspores) (Plétze and Niemz 2011), while the depth of lathe checks caused by
rotary cutting can reach the millimeter scale. Consequently, the decreasing surface
roughness may be related to the reduction of void space and conglutination of lathe
checks under pressure during veneer compression (Fang et al. 2012b).

XPS Analysis

Figure 3 presents the typical Cls and Ols wide XPS survey spectrum and C1s
high-resolution spectrum of air-dried, control, and CR45. Surface element composition
results are shown in Table 3.
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Fig. 3. XPS spectrum (left) and C1s high-resolution spectrum (right) of specimens

C1 is related to carbon-carbon and carbon-hydrogen bonds in extractives and
lignin. C2 can result from all three classes of wood components, but predominantly in the
carbohydrates as -CHOH and in lignin as p-ether and -COH bonds (Sernek 2002; Young
et al. 1982). It was clear that the atomic composition and C1s components of veneer
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specimens differed strongly. The O/C ratio of veneer surface increased from 0.27 under
air-dried to 0.41 under oven-dried (control) specimens. Conversely, the C1/C2 ratio
decreased from 2.46 to 1.34. The increased O/C ratio can be attributed to the evaporation
and removal of water-insoluble extractives (such as terpenoids, fats, fatty acids,
glycerides, and wax) present in the surface of veneer (Inari et al. 2006). The decrease of
the C1/C2 ratio provides additional information to support the interpretation. This is
consistent with the results in previous studies (Diouf et al. 2011), which used a much
higher temperature of 160 °C. Wood extractives are hydrocarbons or their derivatives
which are mostly hydrophobic. Consequently, removal of the extractives of veneer
surfaces by oven-drying at 120 °C may contribute to its wettability.

Table 3. Surface Atomic Percentages, O/C ratio, and C1s Distribution of
Specimens by XPS Analysis

Atomic composition (%) C1s component (%)
Specimens
C 0] o/C C1 Cc2 C3 C4 ci1/c2
Air-dried 78.3 21.7 0.27 63.6 25.8 10.6 0 2.46
Control 70.8 29.2 0.41 48.0 35.7 16.1 0.3 1.34
CR45 75.0 25.0 0.33 57.6 30.5 104 1.6 1.88

Compared to the control specimen, the O/C ratio of specimen CR45 decreased
slightly, dropping to 0.33. The C1 component increased to 57.6%, while the C2
component decreased to 30.5%. Since the preferential degradation of hemicellulose is
above 120 °C, there was nearly no chemical degradation on veneer surfaces under
compression treatment at 120 °C. This indicates that the migration and concentration of
extractives to the veneer surfaces may lead to the chemistry change of the surface. Some
researchers report (Hakkou et al. 2005; Sernek 2002) that the changes in surface
chemistry can also be related to some rearrangement of surface lignin, which is an
amorphous and glassy polymer. The driving force for reorientation is thermodynamic,
when a surface tends to minimize its free energy. In any event, either of them has a
negative effect on the wettability of veneer surface.

Contact Angles and Work of Adhesion for Veneer-Liquid Interaction

The instant advancing CAs for probe liquids on the compressed veneer and the
control are provided in Table 4. Basically, the determined CA values for all probe liquids
except hexane show a decreasing tendency with an increase CR level of veneer. Due to
the low viscosity and low surface tension of hexane, the advancing liquid front wicks
along the veneer surface much faster than the immersion velocity. So the determined CAs
were not for the probe liquids on veneer surface, but rather on the veneer-liquid interface
called the monolayer film adsorbed by the veneer surface. The adsorbed monolayer is
sufficient to change the surface properties of veneer (Walinder and Strom 2001; Zisman
1963) and can be easily wetted. Consequently, all the measured CAs for hexane were
zero (Table 4).
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Table 4. Instant Advancing CAs for the Control and Compressed Veneer
Surfaces with Respect to Each Probe Liquid (20 °C)

Spe’\clz(i)men CR (%) .CA (degrees) “
. Water Formamide Glycerol Diiodomethane Hexane
Control 0 97.8(8.2)>  74.9(2.8)*  121.2(4.3) 47.1(1.9) 0(0)
CR2 2 88.5(5.2)°  68.7(5.6)°  120.6(3.9) 46.8(3.0) 0(0)
CR5 5 87.93.7)°  66.9(3.3)°  119.9(2.4)° 42.8(2.2)° 0(0)
CR11 11 85.5(4.1)°  62.6(4.8)°  116.3(2.0)° 41.4(1.2) 0(0)
CR34 34 83.5(3.5)°  61.6(4.7) 115.1(3.9)* 40.4(1.5)° 0(0)
CR45 45 82.3(3.3)° 58.3(5.2° 112.7(1.6)° 40.7(0.9)° 0(0)

Standard deviations are based on five replicates. Means with the same superscript letters in the
same column are not significantly different at a = 0.05 using LSD.

The work of adhesion (WA) for veneer-liquid interactions is calculated from Eq.
4 and presented in Fig. 4. Clearly, compared to the control specimens, all of the WA
values for water, formamide, glycerol, and diiodomethane showed a significant increase
(P < 0.05) of CR at 11%. All WA values then increased slightly from a CR of 11% to
45%. The reason for this may be attributed to the air trapped in the rough and porous
structure of the veneer surface which can decrease the veneer-liquid contact area (Cern et
al. 2008; Selvakumar et al. 2010). With an increase of CR, the surface roughness
decreases, which subsequently increases the WA. The WA values for the veneer-hexane
interaction remains constant at 36.8 mJ m™ due to the zero CAs.

90 ;_//ﬁ 7 v
Esgol
E —&— Water
- —e— Glyceol
S 70 | Formamide
'g —vw— Diiodomethane
£ —4&— n-Hexane
<] L L
(1] 40:* o
X “—< < y o @ 4
S
° /
a3l

20 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35

Compression ratios / %

Fig. 4. The effect of CR on work of adhesion

Diiodomethane is a nonpolar liquid with a high LW component of 50.8 mJ m™
The diiodomethane interacts with veneer mainly through dispersive interactions and
shows higher work of adhesion. As polar liquids, water and formamide have a large
dipole moment and a strong tendency for hydrogen bonding to the hydroxyl groups of
veneer substance (Selvakumar et al. 2010). With the high viscosity of glycerol, the
veneer-glycerol interaction is much lower due to the higher CA with veneer.
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Surface Free Energy and its Components

Figure 5 shows the total SFE (ys), LW energy component (y£¥), and AB energy
component (y£5) of veneer obtained by an acid-base approach. The values of y&", acid
(yd), and base (ys) parameters of veneer surface were calculated by using Eq. 7 to
combine a set of three equations in terms of three CAs from water, formamide, and
diiodomethane, respectively.

Compared to the control, both the values of yg and y&" increased by 12.0% and
8.4% for compressed veneer with 11% CR level, respectively. Then, both increased
slightly to 40.7 mJ m? and 39.4 mJ m? at the CR level of 45%. It seems that compression
treatment had a significant influence on the y:" component of SFE due to the decreasing
surface roughness of veneer. The LW energy component exhibited a predominant
contribution to the SFE, which is one of the characteristics of typical polymers (Mohan et
al. 2011; Shen et al. 1998). The high y&" can be explained by the high interaction ability
of the dispersive part of available carbon-oxygen and carbon-carbon bonds within the
veneer. Nevertheless, the values of AB energy component, y£2, were relatively small in
comparison with the contribution of the LW energy component, and changed little with
increasing CR (Fig. 5). This does not mean that the AB energy component is less
important. On the contrary, it refers to the interaction between hydroxyl groups of veneer
and functional groups of adhesive by forming the hydrogen bond (Sernek 2002; Shen et
al. 1998).
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Fig. 5. The effect of CR on the total SFE and its components of veneer

Table 5 shows the acid (yg) and base (ys) parameters of veneer surfaces with
different CR levels. It is evident from the data that the value of \/y§ increased from -0.40
to 0.30, and the value of ,/ys increased from 1.10 to 2.07. The acid-base properties of
veneer are related to the functional groups on the veneer surface. The acid functionality is
found in hydroxyl and/or acetyl groups, while the basicity comes from the carbonyl group
(Ma et al. 1990; Shen et al. 1998). The base parameter of veneer surfaces is distinctly
higher than the acid parameter, implying the veneer is monopolar basic. From the
appearance of negative square roots values of ,/ys arises a mathematical puzzle in
solution of Eq. 7. So far, attempts to explain the physical meaning of it have not been
convincing (Shen et al. 1999).
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Table 5. Acid and Base Parameters of Veneer with Different CR Level

Specimen

CR (%) i G
Control 0 -0.40 1.10
CR2 2 -0.16 2.00
CR5 5 -0.18 1.94
CR11 11 0.08 1.93
CR34 34 0.06 2.17
CR45 45 0.30 2.07

Generally, the wettability of a solid surface is governed by the surface chemical
composition and surface morphology (Mahadik et al. 2011; Shen et al. 1998). Here, the
chemical changes on the veneer surfaces during the process of hot compression at 120 °C
have a negative effect on its wettability. However, the effect is slight because almost no
chemical degradation takes place at such a temperature.

An increase in CR levels results in a decrease of surface roughness, which
contributes to the increase in SFE of the veneer. This phenomenon can be interpreted by
the “lotus effect”, which is the combination of micro/nano structure roughness and
epicuticular waxes that results in reduced contact area between water droplets and a leaf’s
surface at contact angles exceeding 150 degrees (Jiang et al. 2004; Wang et al. 2006b). In
contrast, the rough microstructure of the veneer traps the air in the porous void and cell
lumen of its surface and strongly affects the gas fraction of veneer-liquid interface, which
can weaken the interface hydrophilicity (Fig. 6). As illustrated in Fig. 6b, the air fraction
decreases as the surfaces roughness decreases by compression treatment. This leads to an
increase in the interfacial contact area for the liquid-veneer interface.
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Fig. 6. Schematic illustration of wettability of veneer influenced by surface roughness: (a),
uncompressed veneer (control); (b), compressed veneer

The relationship between the CA of a liquid droplet on a smooth surface (6,) and
the CA on its rough surface (6,.) can be described by the Cassie-Baxter state (Jiang et al.
2004; Spori et al. 2008):

cos B, = f, cosbs; — f, 9

where f;and f, are the area fractions of solid surface and air in contact with liquid,
respectively. According to Eq. 9, the values of CA decrease as the contact area (f;)
increases.

Therefore, the SFE of veneer increased by 12% with as little as 11% CR through
hot compression. The results are in accordance with a previous states that the CR
required for achieving a target 80% contact area is about 10.5% for plywood/LVL
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products (Wang et al 2006a). Theoretically, an increase in the SFE or wettability will
improve the bond quality between veneer surfaces. Furthermore, with improvement in the
wettability of veneer surfaces, a low level of glue spread can meet the standard
requirements for panels. This not only reduces glue consumption but also shortens the hot
pressing time in the production of veneer-based composites.

CONCLUSIONS

1.

The wettability of poplar veneer was improved by hot compression treatment at 120
°C. The values of total SFE increased by 12% at a compression ratio (CR) level of
11%. When the CR of veneer exceeded 11%, the total surface free energy (SFE)
increased slightly. The increase in SFE is mainly due to increasing interfacial contact
area of the hydrophilic veneer and decreasing hydrophobic air in the liquid-veneer
interface as the CR levels increase.

A predominant factor regarding the total SFE was surface roughness, while the
chemistry change on the veneer surfaces was a secondary and negative factor.

With increasing CR, the O/C ratio of the veneer surface decreased, while the C1/C2
ratio increased. This is due to the chemical changes by migration and concentration of
extractives on the surface.

The work of adhesion for veneer-liquid interaction showed a significant increase with
increasing CR of veneer up to 11%. Then, the values increased slightly as the CR
increased from 11% to 45%. Nevertheless, the work of adhesion for veneer-hexane
interactions remained constant at 36.8 mJ m™ due to the zero CA.

Compared to the control, both surface roughness parameters R, and R, decreased by
15.6% and 20.6%, respectively, for compressed veneer at a CR level of 11%.
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