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ABSTRACT

To improve the surface-finishing performance and enhance the protection of surface
coatings, this study employed metallization treatment of fast-growing poplar through an
orthogonal experiment. The poplar specimens were impregnated using a low-melting point alloy
at different temperatures (75°C, 85°C, 95°C), pressures (0.5MPa, 1 MPa, 1.5 MPa), and times
(0.5h, 1h, 2h) to obtain the optimum process parameters and determine the paint film adhesion
of metalized poplar. The test results showed that the impregnation effect was obvious with an
increase in the pressure and time. The optimum process parameters were 0.5 MPa, 85°C, and
1 h. Contact angle of the treated wood increased, the surface free energy dropped to some extent,
wetting property of tread wood decreased. Whether the treated wood or the untreated wood, film
adhesion of treated wood got a higher level. After anti-aging treatment, the treated poplar still
had a higher level of film adhesion.

KEYWORDS: Fast-growing poplar (Populus), metallization, contact angle, mechanical property,

paint film properties.

INTRODUCTION

Poplar wood, which is widely distributed in China, grows fast, has a strong adaptability to
environmental changes, and is suitable for wide applications (Zhang and Yang 2012, Kou 2006).
The properties of various poplar wood species are not very different. Generally, sapwood is
a pale yellow to light fawn color (Populus euphratica is light red) and heartwood is darker in color
than sapwood. Diffuse-porous or semi diffuse-porous wood has many pores, and the density of
air-dried wood is between 0.30 kg'm=3 and 0.55 kg'm=3. The texture of the wood is detailed and
uniform, and therefore it is easy to dry and has a good processing performance (He et al. 2008,
Sun and Yang 2011). However, the formed material is loose, soft, and weak with a low surface
hardness; low wear resistance, low content of extractives in the heartwood, poor durability, and
poor corrosion resistance, which limit the applications of poplar (Li et al. 2018).
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The metallization treatment of wood is intended to improve the dimensional stability and
surface finishing performance of wood-based materials, and thus enhance the protection of the
surface finishing (Gobakken and Westin 2008 , Kielmann et al. 2016), reduce decay, prolong
the service life, meet the demands for wood products (Jirous-Rajkovic et al. 2004, Hakkou et al.
2005), and expand the application range of fast-growing poplar.

During World War II, metalized wood was used as a bearing for ships and helicopter
propellers in Germany. The density of metalized wood can reach 0.95 kg'm3 to 3.83 kg-m3, with
a considerable increase in the hardness and wear resistance upon combining with alloys, such as
Sn, Bi, Pb, etc. (Si 2003). Metallization is an effective way to improve the wood dimensional
stability and biological durability, and is an environmentally friendly wood preservation method
(Hill 2006, Yildiz and Gimiskaya 2007, Aytin and Korkut 2016, Toker et al. 2016, Turkoglu
et al. 2017, Kucuktuvek et al. 2017, Kart et al. 2019). After metallization, the properties of wood
are favorable for making outdoor furniture, floor materials, various instruments for outdoor and
indoor applications, and cladding for wood buildings (Homan and Jorissen 2004). Okon et al.
(2018) used a low-melting point alloy to metalize Masson pine (Pinus massoniana) to study the
change in its strength characteristics, contact angle, color, etc. Scanning electron microscopy was
used to evaluate the effectiveness of the treatment (Okon et al. 2018). A preliminary study of
metalized wood was done by Li J. and Li G. (1994) and Li (1995) by injecting molten metal or
alloy into porous wood to form wood-metal composites (also called metalized wood). If the wood
was compressed after impregnation with metal, metalized compact wood could be obtained (Lu
and Chen 2003). Wang et al. (2006) used the electroless nickel plating method to metalize wood
and studied the influence of the amount of plating solution, treatment time, and temperature on
the surface resistivity and electromagnetic shielding effectiveness of wood.

In this study, a pressurized impregnation method was used to metalize fast-growing poplar.
The air-dried wood was impregnated using a low-melting point alloy under various temperatures,
pressures, and impregnation ratios, and the density and surface impregnation area of the wood
were calculated. Before and after the metallization treatment, the contact angles of distilled water
on the surfaces of untreated and treated poplar specimens were measured. The surface paint
film adhesion grades of all of the painted specimens that were treated and not treated with an
anti-aging treatment were then evaluated.

MATERIAL AND METHODS

Materials

The experiments were performed in a laboratory at the Material Science and Engineering
School of Nanjing Forestry University in Nanjing, China. During the experiment, the ambient
temperature was between 26°C and 28°C and the relative humidity was between 42% and 45%.

The pressure vessel used for metallization of the wood was a series of high-pressure reactors,
which consisted of a reactor body and controller produced by Zhuoqun Instrument Equipment
Co. Ltd. (Zhaoyuan, China). The reactor body consisted of a reaction vessel, safety device,
heating furnace, etc. The section and top views of the reactor are shown in Fig. 1.

The wood used for this study was fast-growing Populus euramericana, purchased from a wood
sales plant in Yibei Township of Guanyun (China). The tree age was 12 years and the diameter at
breast height was approximately 350 mm. The other characteristics included a loose tree-texture,
light yellow sapwood, light brown heartwood, following the standard ISO 3131-1975 (ISO 3131
1975), an air-dry density of 0.5034 kg'm-3. The wet untreated poplar was cut by a bandsaw into
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quarter-sawn timber with the dimensions 950 x 120 x 30 mm. The quarter-sawn poplar timber
was then dried to approximately 10% of its original water content. The quarter-sawn poplar
timber was planed after drying and then cut into specimens with the desired dimensions by
a circular saw. The dimensions of the specimens were 20 x 20 x 20 mm, 30 x 20 x 20 mm, and

60 x 60 x 6 mm.

R=110

R=77.5

Fig. 1: Section view and top view of the reactor.

Following the standard ISO 3129-2012 (ISO 3129 2012), the minimum number of

specimens required at a P of 5% was calculated using Eq. 1 based on a confidence level of 0.95:

222

vt
o =% ®
where: 7,,;, - the minimum number of specimens required; v - the coefficient of variability of the

measured properties (%); # - the reliability index, taking 1.96 as per the 0.95 confidence level; and
P - the test accuracy index (5%).

The results were rounded to a single digit based on the rules of rounding off for numerical
values and expression, and judgement of the limiting values (GB/T 8170 2008). Based on the
tree species, the required specimen characteristics for testing the related properties are shown in

Tab. 1.

Tab. 1: Wood samples.

‘Wood property CV (%) i Dimensions (mm)
Density 10 15 30 x 20 x 20
Shrinkage (linear) 28 20 20 x 20 x 20

Compression strerllgth 13 15 30 % 20 x 20
parallel to the grain

CV - coefficient of variation.

The low-melting point alloy used for impregnation was provided by Pujiang Alloy Materials
Co., Ltd. (Nanjing, China). The main components were Sn, Bi, and Pb, the density was
approximately 39.6 kgm™3, and the melting point was approximately 70°C. This alloy had a silver
white color while solid and bright silver white color after melting. The alloy existed as a solid at
room temperature, and exhibited the desired strength, hardness, corrosion resistance, and other
properties. Two kilograms of the alloy when placed in 75°C water began to melt after 40 min
and melted completely in approximately 4 h; in 85°C water, the alloy melted completely in 0.5 h;
and in 95°C water, the alloy melted completely in 10 min. The molten alloy did not solidify at
a temperature of 75°C to 95°C. In air, a gray oxide film formed on the surface of the molten metal
alloy. At higher temperatures, this film oxidized easily.
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A static drop contact angle or interfacial tension measuring instrument (JC2000A,
Zhongchen Digital Technology Equipment Co. Ltd., Shanghai, China) was used for wettability
testing of the surface of the impregnated wood. The instrument had DH-CG400 image card
driving software (China Daheng Co. Ltd., Beijing, China). The main interface and other
supporting components included a microsyringe (1-ml syringe), 3D platform, dimming knob, and
focusing control panel. The test material used was fast-growing untreated and metal-impregnated
poplar specimens with the dimensions 20 (radial) x 20 (tangential) x 30 mm (length). The
specimen samples were prepared using three technical conditions, which were named Group B
(0.5 MPa for 1 h at 85°C and a density of 3.19 kg'm3); Group C (0.5 MPa for 2 h at 95°C and
a density of 3.08 kg'm3); and Group G (1.5 MPa for 2 h at 75°C and a density of 3.73 kg-m3).
The surfaces of all of the specimens were polished with #320 abrasive paper before impregnation.

For paint film adhesion testing of the impregnated wood, a QFH cross-cut tester (Jingkelian
Material Testing Machine Co. Ltd., Tianjin, China), HSRO25 artificial climate box with
ultraviolet lamp (Nanjing Experimental Instrument Factory, Nanjing, China), wool brush,
plastic bucket, and electronic scale (with a precision of 0.01 g) were used. The test materials
included alkyd varnish and phenolic enamel (Changjiang Paint Company Ltd., Jiangsu, China),
a two-component polyurethane resin varnish (Taicang Lugong Special Coating Factory, Suzhou,
China), and poplar specimens (60 x 60 x 6 mm) that underwent the metallization treatment.

Methods
Impregnating metallization treatment of the wood

The reactor setup for the metal impregnation of the poplar specimen is shown in Fig. 1. The
stainless-steel reactors, which contained the low-melting point alloy and specimens, were kept
in an autoclave. The liner support heating jacket set by the reactor continuously transferred heat
to the reactor, and the heat was transmitted to the stainless-steel container using water as the
medium. Pressure was applied when the set temperature was reached.

Poplar wood is a diffuse-porous or semi diffuse-porous wood with many holes and has
a loose texture; thus, it exhibits a good wettability. In this experiment, the poplar specimens
were impregnated and metalized by the pressure impregnation method according to the L9 (34)
orthogonal table. The pressure, temperature, and time were selected as influencing factors on the
impregnation effect. The temperature and time had three levels, and the pressure had five levels.
A total of 11 experiments were conducted. The factor levels are shown in Tab. 2.

Tab. 2: Levels of the factors.

Level Factor
Pressure (MPa) Temperature ("C) Time (h)
1 0.5 75 0.5
2 1 85 1
3 1.5 95 2
4 0.1 - _
5 0.3 - -

Surface wettability test of the impregnated wood

Surface wettability of wood-based materials plays an important role in the coating of
wood surfaces and the movement of moisture in wood. The surface wettability values indicate
the effect of wetting, spreading, and adhesion of various liquids or reagents (water, adhesive,
oxidizer, crosslinker, water repellent, dyeing agent, paint, and treatment solutions for various
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modifications) on the surface (Teng 2009). The contact angle between wood and liquids is an
important parameter to measure the diffusion of water-soluble paint on wood surfaces.

Various methods for determining the contact angle include the light point reflection, tilting
plate, sessile drop, drooping, and capillary rise methods. In general, the contact angle of wood
is often determined by the sessile drop and capillary rise methods (Gu 1999). The sessile drop
method was used in this experiment, with distilled water as the testing liquid. A JC2000A static
drop contact angle or interfacial tension measuring instrument (Zhongchen Digital Technology
Equipment Co., Ltd., Shanghai, China) was used and the average value for each test block was
taken. The measurement was divided into two parts, which were the collection of specimen
images in the wet state and measurement of the contact angle.

Paint film adbesion test of the impregnated wood

The paint film adhesion refers to the adhesion property between a paint film and surface of
a coated substrate. It is one of the important indices to measure the performance of paint. The
untreated and treated poplar wood specimens were first polished using #180 coarse and #320 fine
abrasive paper to obtain a relatively smooth surface. The specimens were not treated with putty in
the experiment. All of the specimens were painted twice, where the second coat was applied after
the first coat was nearly dry. The painted specimens are shown in Fig. 2. The paint film adhesion
of the painted specimens was measured after two weeks of air drying.

The paint film adhesion test was performed as per the standard method BS 3962-6-1980 (BS
3962-6 1980). First, the surfaces of the untreated and treated wood specimens were coated with
the alkyd varnish, phenolic enamel, and polyurethane resin varnish for a total of six specimens.
The specimen numbers are shown in Tab. 3.

Fig. 2: Painted specimens.

Tab. 3: Specimen numbers for the adbesion fest.

Impregnation process Alkyd varnish | Phenolic enamel | Polyurethane resin varnish
Untreated 1 2 3
Treated 4 5 6

Second, the center of each specimen was used as the test area to measure the thickness of
the two-point paint films and the arithmetic mean value was obtained. Third, two groups of
rectangular marks were cut on the surface of the paint films, each of which included 11 parallel
cuts with a length of 35 mm and spacing of 2 mm. All of the cuts penetrated into the surface
of the base material, and the cut marks were angled approximately 45° in the direction of the
wood grain. Fourth, the scraps were dusted with a paint brush and a rubber paste was pressed
by hand onto the cut parts of the test area. Finally, the rubber paste was exposed abruptly in the
diagonal direction to carefully check the damage of the paint film with a magnifying glass under
an observation lamp.
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After the adhesion test, anti-aging testing was done. For this purpose, the surfaces of the
untreated and treated wood were coated with alkyd varnish, phenolic enamel, and polyurethane
resin varnish for a total of six specimens. The specimen numbers are shown in Tab. 4.

Tab. 4: Specimen numbers for the anti-aging test.

Impregnation process Alkyd varnish | Phenolic enamel | Polyurethane resin varnish
Untreated 7 8 9
Treated 10 11 12

The specimens were installed in an aging tester (HSR025, Nanjing Test Instrument Factory,
Nanjing, China) at 45°C + 5°C with a relative humidity of 65% to 90%. The specimens were
sprayed with a water jet once an hour with a spray time of 3 min. The specimens were removed
after 72 h in the aging tester, and then wiped and cleaned with clean absorbent gauze containing
a small amount of alcohol. Finally, the cracks on the surfaces of the specimens were observed
under natural light. The measured value of the paint film adhesion was compared with the results
before the aging test.

RESULTS AND DISCUSSION

Impregnating metallization treatment of the wood

Following the L9 (34) orthogonal table, 11 groups of experiments were performed. The
factors studied included the pressure, temperature, and time. The pressure values were 0.1 MPa,
0.3 MPa, 0.5 MPa, 1 MPa, and 1.5 MPa; the temperatures were 75°C, 85°C, and 95°C; and the
time intervals were 0.5 h, 1 h, and 2 h. The impregnation effect on the poplar wood under the
various experimental conditions is shown in Tab. 5.

Tab. 5: Effect of impregnation with different conditions.

No. Pressure (MPa) | Temperature (°C) | Time (h) | p (kgm3) B (%)
Untreated - - - 0.5034 100
A 0.5 75 0.5 2.6600 100
B 0.5 85 1 3.1885 100
C 0.5 95 2 3.0827 100
D 1 75 1 3.3624 100
E 1 85 2 3.4471 100
F 1 95 0.5 2.8933 100
G 1.5 75 2 3.7269 100
H 1.5 85 0.5 3.3830 100
1 1.5 95 1 4.0485 100
] 0.1 85 0.5 2.2231 82
K 0.3 85 0.5 2.2811 90

p — density, p - surface impregnation rate.

The surface impregnation rate was calculated by the number grid method. The area ratio
of the surface layer impregnated is the result measured by observing the impregnated specimen
on the macro level. The place where the metal was impregnated on the surface of the specimen

386



Vol. 65 (3): 2020

presents the metal color, which was different from the place where the specimen was not
impregnated. A transparent sheet with a 2 x 2 mm grid was placed on the surface of the specimen,
and the number of grids showing the metal color was calculated. The part less than one grid
shall be roughly calculated according to the proportion. The impregnation surface area ratio is
expressed as follows:

B =" x 100% )

where: 7, - the number of grids showing the metal color,
n, - the number of grids occupied by the specimen.

Tab. 5 revealed that the density increased considerably after metallization under the various
conditions, and was approximately four to eight times more than that before the treatment. The
main reason for this result was attributed to the larger density of the low-melting point alloy.
When the poplar specimens were immersed in the alloy, the density of the specimens increased.
When the pressure was greater than 0.5 MPa, the surface impregnation of the specimen was
good, which showed that under the orthogonal experimental design conditions, the impregnation
effect was obvious and a favorable impregnation surface was obtained. However, when the
pressure was less than 0.5 MPa, impregnation of the poplar specimen was not sufficient and hence
the surface impregnation effect of the specimen was not good.

Variance and range analyses of the impregnation test results were analyzed by using
Orthogonal Design Assistant Software. The results were as follows. The F ratios of the pressure
and time were greater than 19 and the F ratio of the pressure was greater than that of the
time (Tab. 6), which indicated that the pressure and time have a significant influence on the
impregnation effect. The impact of the pressure on impregnation was greater than that of the
time. Because the F ratio of the temperature was less than 19, the temperature range of the
orthogonal design had no obvious effect on the impregnation of the specimen.

Tab. 6: Variance analysis of the effect of impregnation.

Square of Degree of . Critical o

Factor d?:viance frege dom F ratio Fvalues Significance
Pressure (MPa) 0.853 2 34.120 19.000 *
Temperature ("C) 0.016 2 0.640 19.000 -
Time (h) 0.514 2 20.560 19.000 *
Error 0.03 2 - - -

This conclusion was reached because of the differences in the ranges for each factor in Tab. 7.
For the factors in the orthogonal experiment, the density ranges of the metalized poplar specimen
with the pressure and time were large, which indicated that the pressure and time significantly
influenced the impregnation effect.

Tab. 7: Range analysis of the effect of impregnation.

Factor Pressure (MPa) Temperature (°C) Time (h)
Level 0.5 1 1.5 75 85 95 0.5 1 2
Average 2977 | 3.234 | 3.719 | 3.250 | 3.340 3.341 2.979 3.533 3.419
Range 0.742 0.091 0.554
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However, the density range of the metalized poplar specimen with the temperature was
small, which indicated that the effect of the temperature on the impregnation effect was not
significant. The specific analysis of the various factors is shown in Fig. 3.
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Fig. 3: Visual analysis of the effect of impregnation.

Pressure

The influence of the pressure on the impregnation was noticeable. As the pressure increased
from 0.5 MPa to 2 MPa, the density of the specimen obviously increased and the impregnation
was gradually improved, as is shown in Fig. 3. To further investigate the effect of the pressure,
experiments 10 and 11 were done. It was found that the specimen can also be impregnated under
a pressure of 0.1 MPa and 0.3 MPa at 85°C and a time of 0.5 h, but the impregnation effect was
not as good as that of the other test groups. The surface impregnation effect was reduced because
of inadequate impregnation. Therefore, a pressure of 0.5 MPa was chosen as the best process
parameter for a good impregnated surface.

Temperature

The temperature range of 75°C to 100°C for the orthogonal experiment guaranteed the alloy
was in a molten state and avoided a negative influence on the properties of the molten alloy and
poplar specimens because of the high temperature. However, the temperature range had little
effect on the impregnation of the specimen, as is shown in Fig. 3. The density of the treated
specimen was relatively unchanged. To ensure that the alloy was in a molten state and the energy
loss was reduced, a temperature of 85°C was chosen as the best process parameter.

Time

Under pressure, when the impregnation time was longer, the sample exhibited a better
impregnation effect. For the impregnated samples, a time of 2 h was able to attain a good
impregnation effect. Fig. 3 shows that the impregnation effect improved with an increase in the
time; after 1 h, the impregnation effect instead decreased, which may have been because of the
comprehensive function of the other factors. Therefore, a time of 1 h was selected as the optimum
process parameter.

Surface wetting experiments of the impregnated materials

The contact angle changes of the radial and tangential sections of the untreated and treated
wood using distilled water with time are shown in Tab. 8 and Tab. 9 and Fig. 4. The contact angle
measurements were done through the collection of pictures of the morphological change of the
static liquid drop on the sample surface and angle measurements from the pictures. Because of the
fast changes in the contact angle on the radial section of the untreated wood, the measurement
was done in 2-s intervals, while for the tangential section, it was done in 1-s intervals. The contact
angle for the treated wood with distilled water changed relatively slowly, so the contact angle was
measured with a 12-s interval.
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Tab. 8: Change in the contact angle with time for the untreated specimens.

Time (s) 2 4 6 8 10 12 14 16
Contact angle of the radial 56.83 | 44.42 | 36.08 | 31.50 | 27.50 | 23.75 | 19.08 | 15.58
section (°)
Time (s) 1 2 3 4 5 6 7 8
le of th ial
Contact angle of the tangential | ) 75 | 45 75 | 36.00 | 28.25 | 22.25 | 17.50 | 1475 | 11.75
section (°)
Tab. 9: Change in the contact angle with time for the treated specimens.
Contact angle (%)
Time () Radial Tangential Radial Tangential Radial Tangential
section section section section section section
(Group B) (Group B) (Group C) (Group C) (Group G) (Group G)
12 73.10 88.67 71.33 74.50 97.50 95.00
24 62.30 78.33 62.67 65.33 84.67 63.17
36 59.30 76.00 60.67 60.50 78.83 56.17
48 57.00 73.75 58.00 56.83 76.17 52.33
60 54.30 70.83 54.83 53.17 74.00 47.33
72 51.20 68.67 52.17 49.50 70.83 41.17
84 48.50 65.83 49.17 45.33 68.50 35.33
96 45.50 63.17 46.67 41.17 66.67 28.00
108 42.90 60.00 44.00 36.83 62.67 20.67
120 40.30 56.33 41.33 31.67 59.50 9.67

Because of some definite variations in the size selected for the initial distilled water hanging
drop, the initial wetting angles were different. Hence, for those experiments, the contact angle
and its change rate were taken as the wetting judgment standard and were used to evaluate the
wettability of the untreated and treated wood specimens in the combined analysis.

Figs. 4a to 4f show that the contact angle changed with distilled water had a good exponential
regression relationship with the time for both the untreated and treated poplar specimens.
For the untreated poplar specimens, the wettability in the tangential section was larger than
that in the radial section, and the rate of contact angle change for the tangential section was
larger than that for the radial section. However, for the treated samples, the rates of contact
angle change for the radial and tangential sections with distilled water tended to be the same
(Figs. 4a to 4d). After insufficient alloy impregnation of the samples, the rate of contact angle
change for the tangential section was larger than for the radial section (Fig. 4d) because the
tangential void ratio of the untreated poplar was larger than the radial porosity. When the sample
was not completely impregnated by the metal, the radial and tangential void ratios tended to be
the same, and showed a similar change trend for the wetting angle. However, when the sample
was completely impregnated, its absorption of distilled water relied on the hydrophilic xylem,
where the tangential wettability was larger than the radial wettability. The change rate for the
tangential section with distilled water was larger than that for the radial section.
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Fig. 4: Change in the contact angle with time for: (a) the untreated specimens, (b) Group B; (c) Group C;
(d) Group G; (¢) radial section, and (f) tangential section.

Fig. 4e shows that the wettability of the radial section of the treated poplar sample was
smaller than that of the untreated wood. Also, as the wetting effect improved, the radial section
had a poorer wettability. Group G displayed the best impregnation effect with a weakened
wettability in the radial section. Groups B and C exhibited equivalent impregnation effects, with
equivalent section wetting properties.

Fig. 4f shows that the wettability of the radial section of the treated wood sample was smaller
than that of the untreated wood. Moreover, as the wetting effect improved, the wettability in
the radial section weakened. Groups B and C had equivalent impregnation effects, with an
equivalent wettability for the tangential sections. Group G had the best impregnation effect and
theoretically the poorest wettability because of the roughness of the sample surface treatment.
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Coating adhesion test after painting the metalized poplar surface
The experimental results are shown in Tab. 10 and Tab. 11:

Tab. 10: Grading standards for the film adhesion fest.

Grade Description
1 The cut marks were smooth, no paint film peeling.
5 There was paint film flaking at the intersection of the cut, and there was a small

amount of intermittent peeling of the paint film.

3 There was intermittent or continuous peeling of the paint film along the cut marks.

In under 50% of the rectangular cut marks, the paint film had large pieces of debris
or it completely peeled off along the cut marks.

In more than 50% of the rectangular cut marks, the paint film had large pieces of

debris or completely peeled off along the cut marks.

Tab. 11: Results of the paint film adhesion test.

Grade of paint | Film thickness
film adhesion (mm)
1 0.719
0.156
0.146
0.153
0.147
0.145
0.158
0.144
0.142
0.169
0.158
0.149

Z
°

R~ T |IE|g0|w| =
R Wik DL [N IR P W

The analysis of the data indicated the following:

At room temperature and ventilation conditions, the polyurethane resin varnish had the
shortest film formation time. In contrast, the film formation time of the alkyd varnish was
longest, at one week. The hardening agent used in the polyurethane resin varnish accelerated the
solidification process.

All of the samples used in the experiment had no putting, but were sanded. Therefore,
the metalized poplar samples had a more even surface and provided a more even paint film
after sanding. The film thickness was thinner than that of the untreated wood. Because of
metallization of the poplar specimens, the vessels and wood fibrocystic cavities were impregnated
with the alloy, which decreased the void ratio of the surface.

Upon crosswise comparison of the untreated poplar and metalized wood, the alkyd varnish,
phenolic enamel, and polyurethane resin varnish all exhibited nearly the same film adhering
ability. Upon longitudinal comparison, the film adhering ability was larger for the metalized
poplar with alkyd varnish, phenolic enamel, and polyurethane resin varnish than for the untreated
poplar, This results similar to that of Yu et al. (2007).
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1.

CONCLUSIONS

The main conclusions derived from this study are summarized below:

Among the factors studied for the impregnation effect, the pressure and time significantly
affected the metallization process, and the temperature effect was insignificant. The
impregnation effect obviously increased with an increasing pressure and time. The optimum
pressure, time, and temperature were determined to be 0.5 MPa, 85°C, and 1h, respectively.
For both the untreated and treated poplar, the contact angle change with distilled water
exhibited a good exponential regression relationship with time; as the impregnation effect
improved, the wettability weakened.

Compared with the untreated wood, the film adhering capacity of the metalized poplar
improved considerably. After the anti-aging experiment, the metalized poplar samples
showed a relatively high film adhering capacity.
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