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IMPACTS OF BLEACHING CHEMICALS AND OUTDOOR
EXPOSURE ON CHANGES IN THE COLOR OF SOME
VARNISHED WOOQODS

Ayhan Ozgifci * and Giinay Ozbay **

This study was carried out to determine the changes of the surface color
of Scots pine (Pinus sylvestris L.) and Oriental beech (Fagus orientalis
Lipsky) woods after exterior conditioning. First, the samples were
bleached with 25% NaOH and 17.5% H,O,. Afterwards, they were
varnished with polyurethane and synthetic varnishes, and then they were
exposed to exterior conditions for 12 months. Tests for color differences
and metric chroma were done according to the ASTM D-2244 standard.
It was deduced that exposure to exterior conditions causes color
differences in samples, while bleaching with the given solution reduces
that effects, and reverts the surface color to that of the natural control
specimens. However, bleached specimens exposed to 12 months
exterior conditioning had more discoloration than those of natural control
samples. In conclusion, if the wood materials will be exposed to outdoors
after bleaching, finishing process should be applied to surfaces in order
to prevent further color change.
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INTRODUCTION

Unprotected wood is susceptible to weathering. Weathering leads to unfavorable
changes in wood, i.e., discoloration, roughening, checking of the surface, destruction of
mechanical and physical properties, and so on. Weathering of wood is known to depend
on many environmental factors (Sudiyani et al. 1999).

Shortwave radiation of sunlight is more destructive to wood than weather factors,
such as moisture, snow, freezing, etc. When connected with the effects of water and
moisture, solar radiation can cause not only discoloration, but also decomposition of
lignin, which is a major chemical component of wood (Kleive 1986). Weathering of
wood is caused by various factors such as solar radiation, moisture, heat, atmospheric
pollutants (e.g. acid rain, ozone, nitrogen oxides, and sulphur dioxide), and
microorganisms (Hon and Feist 1993).

The main factor responsible for the weathering of wood is the ultraviolet
component of solar radiation. As a consequence, the most prominent initial effect of
weathering is photodegradation and depolymerisation of lignin, and this is followed by
leaching of lignin fragments from wood surfaces by rain (Hon 2001)
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Each type of wood has its own variation of color, texture, and grain pattern. Some
cuts of solid wood and flitches of veneer may be lighter or darker than others. To obtain a
uniform color in furniture, the wood is either bleached or dyed. In other words, the only
way to avoid this discoloration is to bleach the wood or use a bleaching toner on the
wood before finishing (Gerard 1983). There are two sets of reasons for the discoloration
of wood. The first set includes damage, drying of branches, disease, etc. in live trees
(Shigo and Hillis 1973). The second set involves chemical changes, e.g. oxidation, iron
stains, fungi discoloration, and chemical stains occurring on wood cut from trees.
Outdoor exposure especially causes darkening of unfinished natural wood surfaces
(Forest Products Laboratory 1974). This may be remedied by bleaching chemicals.
Bleaching is the removing of color pigments in the structure of wood using various
bleaching chemicals and bleaching systems. While there are many bleaching agents
available, the two most commonly used chemicals are sodium hydroxide (NaOH) and
hydrogen peroxide (H,O,). The aims of bleaching on the wood surface before finishing
are as follows (Ejechi Obuekwe 1996):

e to obtain a more uniform color or remove dark coatings within a panel or other
assembled parts,

e to obtain lighter colors and retain all grain character,

e to control color and improve stability,

e to upgrade materials or make more “off” colored wood useable and upgrade the
final product,

e to use several closely related species, such as oak or ash, or multiple species of
wood if needed,

e to obtain better color stability and decrease the probability of fading or color
change due to the chemical nature of some woods,

e to help bleached woods such as Scots pine and beech to perform better in light
exposure, especially when chemical filtering agents (ultraviolet light exposure
absorbents) are combined in the finishing system,

e to obtain controlled surface coatings and properties. This determines good quality
and long lasting finishes (Engler 1989).

The objectives of this study were to investigate the effect of weathering conditions
and varnish coatings on bleached and varnished Scots pine and beech wood surfaces and
to measure their discoloration.

MATERIAL AND METHOD

Wood Materials

Scots pine (Pinus sylvestris L.; also known as Scotch pine) and beech woods
(Fagus orientalis Lipsky) were commercially purchased in Turkey. The density of the
Scots pine was 0.49 g cm™ and the density of beech was 0.54 g cm™ (Ors and Keskin
2008). Test samples were selected from defect-free, knotless, normally grown wood.
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Bleaching Chemicals

The bleaching chemicals were sodium hydroxide (NaOH) and hydrogen peroxide
(H203,). Acetic acid (CH;COOH) was also used for neutralization. The properties of the
chemicals used for bleaching are given in Table 1 (Keskin et al. 2004).

Table 1 Properties of the Color-Bleaching Chemicals

Chemicals Density Viscosity pH solution
(g /cm3) (cP/4 mm at 20°C) concentrations in tests
NaOH (50 %) 1.131 65 13 %25
H20, (35 %) 1.081 55 5 %17.5
CH;COOH 1.019 45 2 -

Preparing Test Samples

Wood specimens were cut from selected first grade flat-grained sapwood of Scots
pine and beech 20mmx>90mmx15mm in such a way that their surfaces were radial and
showed no split, check, or discoloration. Specimens were cut in their final dimensions of
500mmx 80mmx12mm after conditioning to a constant weight. The specimens were
mainly divided into three experimental groups: control groups, un-varnished-bleached,
and varnished-bleached. The test samples were kiln-dried at 20°C+ 2°C and 65%=+ 3%
relative humidity for approximately three months. Wood specimen surfaces were
smoothly planed and sanded uniformly with 100 and 150 grits (on Norton scale)
sandpaper within 2 weeks of testing. After the sanding process, the test samples were
prepared for bleaching.

The solutions used for bleaching were prepared as follows:

Solution I: 25% NaOH (125 g. (50%)NaOH was dissolved in 250 ml pure water)
Solution II: 17.5% H,0, (43.7 g. (35%)H,0, was dissolved in 250 ml pure water)

Bleaching chemicals were applied to the samples with a sponge. Eighteen percent
solutions were prepared either by weight or by volume, depending on the characteristics
of chemicals. This was done, first parallel to the grain, then across the grain, and finally
parallel to the grain again. A few minutes later than the first application, 20% more
solution was applied. The samples were kept for a day under room conditions to improve
the effects of bleaching. The bleaching solutions were applied at a ratio of 100+10 ml/m*
to the dust-free wood surface. Then the test samples with solutions I and II were
neutralized with 15% CH3;COOH solution, and all the samples were washed with pure
water (Uysal et al. 1999). After neutralization, all the samples were dried at 20°C+2°C
and 65%=+3% relative humidity to 12% humidity according to ASTM D 2244 (1993).

The test samples were varnished according to the ASTM-D 3023 (1981) after the
bleaching process (ASTM D-1641, 1997). The surfaces of specimens were sanded with
abrasive papers to remove the fiber swellings, and cleaned off before varnishing. The
producer’s definition was taken into consideration for the composition of solvent and
hardener ratio, and one or two finishing layers were applied after the filling layer. Spray
nozzle distance and pressure were adjusted according to the producer’s definition and
moved in parallel to the specimen surface at a distance of 20 cm. Varnishing was done at
20°C+2°C temperature and 65%+3% humidity conditions.

First, the filling varnish (viscosity 150 g m™) was applied and dried, it was then
sanded with 220 grit number sandpaper. After that, the last layer of varnish coating
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(viscosity 150 g m™) was applied. The quantity of applied varnish was then determined
with a balance having 0.01 g sensitivity.

Outdoor Exposure

After the varnishing process, dried samples were subjected to outdoor exposure
between June 01, 2007 and June 01, 2008 in Karabuk-Turkey. The natural weathering
plan was as follows: First season was July-August- September 2007; Second season was
October-November-December 2007; Third season was January-February-March 2008;
Fourth season was April-May-June 2008. The average temperature and total rainfall in
the test site during the exposure period was 20.9°C, and 689.8 mm/m’ (2007-2008). For
natural weathering, the specimens were placed outside without any coverings.

The samples were placed for exposure at 45° facing to the south on their
tangential surfaces. Before the test samples were put on a weathering test stand, each test
sample had rough dimensions of 550 x 100 x 12 mm. The samples were put 50 cm above
the ground and organic matter such as grass was avoided around the stand. After the
weathering process, the samples first were climatized at 23 + 2°C and 50 £ 5 % relative
humidity for 24 hours according to ASTM D 1641. Then the samples were cut to 100 x
100 x 10 mm net dimensions. Finally, the color and Metric Chroma (darker or lighter
color) were evaluated (Ozcifci and Ozpak 2008).

Colour assessments were performed complying with principles referred under
ASTM D-2244 with the use of a Minolta CR-231 colourimeter (tristmulus colourimeter).
The experiment device was calibrated in such a manner that the parameters a= 4.91, b
=—3.45, C = 6.00, and H = 324.9° were matched to white colour standard. The metric
chroma (C) value was used as determining agent during assessment of the data. Metric
chroma is the color or color change, where main color components are defined (Fig. 1).
(Minolta CR-231, 1995). Metric chroma is calculated as in formula 1. Color
measurements were made at random points, inside 9 cm from the ends, and 4.5 cm from
the sides. Color measurements were made for all of the samples at the end of each three
month season (totally 12 months period of outdoor exposure).
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Figure 1. Metric chroma (Minolta CR-231)
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Metric Chroma C = 4/(a*)’ x(b*) (1)

Statistical Analysis

By using 2 different types of wood, 2 methods of bleaching chemicals +1 control
specimen, 2 types of varnish, and 5 samples for each parameter, a total of 80 samples
were prepared. Multiple variance analysis (MANOVA) was used to determine the
differences in metric chroma and total color change values of samples. The Duncan test
was used to determine the significant differences between groups.

RESULTS AND DISCUSSION

The highest metric chroma value was obtained in control and bleached—unexposed
wood (see in Tables 2 and 3 first column), and the lowest in bleached wood that was
exposed to outdoor conditions for 12 months.

The layer thickness was 107.15 um in the polyurethane varnish and 90.18 pm in
the synthetic varnish. The differences in thickness of the varnish layers may have
depended on the differences between the softwood and hardwood. A similar result has
been described in the literature (Ozcifci and Ozpak 2008).

Color Parameters

Under natural weathering conditions, weight loss might be partly due to microbial
attack that was observed or not tested. The test was followed for 12 months in all natural
weather. The results showed that color change was prominent for untreated and treated
specimens under natural weather conditions (a = 0.05). The values of total color change
(4E*) and metric chroma (C), a* (redness), and b* (yellowness) of samples according to
species of woods are given in Tables 2 and 3.

Results in Tables 2 and 3 indicated that the highest increase in total color change
(4E*) in both pine and beech woods was obtained in bleached and synthetic varnished
samples as 45.41 and 48.24, respectively. Here, NaOH may have dissolved the
extractives in the wood materials. When the time of exposure was increased, the total
color change also increased. More total color changes were observed in varnished
samples exposed to weathering conditions compared to the unvarnished ones.

Statistical Results

The differences among the factors were important. Results of analysis of variance
(MANOVA) showed that bleaching solutions, weathering time, and varnish type affected
the total color change and glossiness. Weathering processes and solutions were
statistically significant at the 95% confidence level (Table 4 and 5). Standard deviations
of values are given in Tables 2 and 3.

Duncan test results are given in Table 6 to indicate the importance of differences
between the groups.

According to the Duncan test results it was found that the differences between the
chemical types were significant for both Scots pine and beech. As it can be seen from
Table 6, for varnish type, because the total color change values of the control and
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polyurethane varnished Scots pine were in the same group, the differences between them
were insignificant. Differences in total color change between the unvarnished and
control groups for beech wood were insignificant. Also differences between the total
color change polyurethane and synthetic varnished beech were insignificant, too.

Graphical Results

According to Fig. 2, NaOH solution gave the highest total color change value
(4E) in synthetic varnished pine wood after the fourth season. H,O, solution did not
cause as much total color change as the NaOH.
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Figure 2. Values of total color change for Scots pine
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Figure 2. Values of total color change for beech
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Table 2. Values of Total Color Change (AE™), (a*), (b*) and Lightness (L) of

Weathered Scots Pine

bioresources.com

Vamishes  Doaohing Seasons AE*  std. L std & St b* std.
Natural 1402 120 343 1.00 584 062 2022 1.01
| 2732 582 230 016 6.11 065 2277 0.73
Control Unbleached 1] 3593 045 179 0.08 6.74 0.74 25.12 1.17
I 4068 637 119 006 692 175 27.70 1.03
v 4296 543 116 005 7.44 064 29.44 0.84
Average Change (%) 53% 7% 12% 32%
Control 1157 163 369 079 673 1.71 22.13 1.22
| 1214 362 3.16 022 7.18 049  23.41 1.12
H,0, I 1664 125 259 028 7.93 158 26.64 1.28
i 2161 154 206 032 812 063 28.19 1.13
. v 2274 450 140 023 839 158  29.53 0.74
Invamished  Average Change (%)  50% 56% 20% 25%
Control 1847 195 208 034 310 075 20.70 1.03
| 2354 121 184 014 419 064 2344 0.84
NaOH I 26.14 209 179 027 467 088 23.62 0.99
i 2039 203 129 009 476 042 2345 0.73
v 3321 952 125 007 492 059 2372 0.92
Average Change (%) 45% 33% 27% 13%
Control 2038 469 452 134 7.84 0.74 23.03 1.34
| 2523 284 369 889 7.99 057 2357 0.98
H,0, Il 26.87 1.00 241 094 817 026  26.71 0.31
i 3022 628 315 040 837 049 28.38 0.98
v 3028 3.02 311 014 853 050  29.22 1.40
\Ij:rlr):iusrr?thane Average Change (%) 33% 32% 9% 21%
Control 23.06 097 494 561 331 069  21.33 0.71
| 2812 160 371 324 411 058  22.83 1.12
NaOH I 3077 083 335 0.80 437 088 2362 1.16
I 3246 214 312 033 488 042 23.45 1.11
v 3566 142 310 018 511 0.81 16.72 1.40
Average Change (%) 35% 37% 36% 24%
Control 2378 275 401 143 507 077 18.53 1.12
| 3005 1.79 353 469 476 0.42 21.78 0.53
H,0, I 3454 169 265 471 222 059 21.92 1.24
i 36.90 3.80 247 217 258 0.67 22.58 0.89
. v 3665 3.03 242 167 223 058  23.15 1.11
Synthetic verage Change (%)  36% 40% 56% 22%
Control 2798 110 582 443 584 0.88 23.39 0.82
| 2865 160 466 3.02 412 091 23.11 0.73
NaOH I 2029 1.08 362 139 334 0.86 18.86 0.92
i 3220 225 346 146 3.10 057 17.54 1.37
v 4521 532 331 087 289 0.74 16.23 0.81
Average Change (%) 40% 44% 51% 31%
Std: Standard deviation
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Table 3. Values of Total Color Change (AE*), (a*), (b*), and Lightness (L) of
Weathered Beech Wood

Varnishes S}L?e?r(]:ihciglg Seasons AE* Std. L Std. a* Std. b* Std.
Natural 1599 425 239 108 6.84 091 1811 1.5
I 2639 368 134 018 9.11 0.81 20.56 0.68
Control Unbleached Il 3477 421 155 020 974 068 2301 1.22
i 3754 142 116 0.05 9.92 112 2438 1.15
v 3853 211 114 0.05 1040 045 2529 0.78
Average Change (%) 61% 53 % 35% 38%
Control 16.79 186 265 022 973 1.39 1917 142
| 20.38 286 235 056 1020 0.81 2023 1.26
H20, Il 2354 067 230 0.18 10.13 1.21 2352 1.38
m 2528 277 130 0.05 1112 0.70 26.81 1.72
. v 2769 254 126 0.05 1141 177 2760 0.91
;’:d";;”;gzg Average Change (%)  41% 52 % 19% 30%
Control 2819 398 213 016 620 0.90 19.58 1.16
I 3443 323 106 027 731 0.81 21.27 0.96
NaOH Il 39.04 142 174 040 778 0.73 2152 0.89
n 4153 078 113 0.05 7.81 044 2137 0.76
v 4160 127 110 000 799 051 2161 0.86
Average Change (%) 32% 48 % 25% 10%
Control 27.03 2.07 4533 6.38 10.74 0.94 2228 1.58
I 2726 212 3125 961 1099 0.81 2171 0.88
H,0, Il 28.72 130 2537 152 1137 0.74 2462 0.77
n 3449 154 2438 027 1147 073 2530 0.89
v 39.79 208 2413 0.12 1123 0.82 2581 1.76
\Ij:rlr):iusrr?thane Average Change (%) 31% 47 % 33% 12%
Control 30.65 1.72 4465 912 6.42 0.82 19.71 0.69
I 34.08 257 3365 267 723 071 1959 1.22
NaOH Il 4179 229 2616 124 754 069 2172 137
i 43.72 344 2455 060 798 040 2164 1.21
v 4716 220 2321 025 833 0.79 1538 157
Average Change (%) 37% 48 % 25% 21%
Control 22.08 2.16 6599 11.1 826 083 1762 1.12
I 26.22 182 4024 656 7.86 057 1983 0.53
H20, Il 2813 129 3738 282 534 0.63 19.77 1.24
m 32.06 344 3406 182 518 0.76 20.28 0.89
v 37.38 271 3341 074 546 044 2109 1.11
Synthetic
varnish Average Change (%) 40% 50 % 38% 20%
Control 28.63 2.07 5195 550 814 0.76 2156 0.79
I 33.57 4.15 43.44 541 710 091 2128 0.88
NaOH Il 3791 192 3405 534 652 091 1649 0.69
n 40.34 516 3141 0.81 6.22 057 1568 145
\Y 4824 143 30.05 0.31 5.91 0.58 1446 0.18
Average Change (%) 42% 58 % 37% 33%

Std: Standard deviation
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Table 4. Multiple Variance Analysis of Weathered Scots Pine Wood

Source of Variance Sum of square Degrees of Mean F Value P <0.05
freedom Square
Varnishes 18076.85 2 9038.43 388.97 0.000
Chemicals 359.91 1 359.91 15.49 0.000
Weathering Time 28477.97 4 7119.49 306.39 0.000
Varnishes * chemicals 1216.60 2 608.30 26.18 0.000
Varnishes * 20998.34 8 2624.79 112.96 0.000
weathering time
Chemicals 653.18 4 163.29 7.03 0.000
weathering time
Vamishes * chemicals 892.80 8 111.60 4.80 0.000
weathering time
Error 5693.06 245 23.24
Totally 137909.79 280
Table 5. Multiple Variance Analysis of Weathered Beech Wood
. Sum of Degrees of
Source of Variance Mean Square F Value P <0.05
square freedom
Varnishes 810.75 2 405.37 58.18 0.000
Chemicals 12612.50 1 12612.50 1810.12 0.000
Weathering Time 498.60 4 124.65 17.89 0.000
Varnishes * chemicals 918.53 2 459.26 65.91 0.000
yamishes “weatherind 5658 50 8 332.31 47.69 0.000
Chemicals * 5038.86 4 1259.72 180.79 0.000
weathering time
Varnishes * chemicals™ o4 g4 8 86.23 12.38 0.000
weathering time
Error 1707.10 245 6.97
Totally 322967.68 280
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Table 6. Results of Duncan’s Multiple Range Test

Scots pine Beech

Chemicals Mean H.G. Chemicals Mean H.G.
H,0, 20.95 a H,0, 25.50

Control 27.38 b Control 30.64

NaOH 27.86 c NaOH 39.99 c
Varnish type Mean H.G. Varnish type Mean H.G.
Unvarnished 20.95 a Unvarnished 30.15 a
Control 27.38 b Control 30.64 a
Polyurethane 27.86 b Synthetic 33.94 b
Synthetic 30.23 c Polyurethane 34.14 b
weathering time Mean H.G. Weathering time Mean H.G.
Control 14.03 a Control 30.82 a

I 28.82 b I 32.05 b

Il 28.60 c Il 32.36 b

I 32.78 d 1] 33.42 c

v 33.22 d v 33.56 c

Among the conditions considered, treatment with H,O, solution gave the lowest
color change (12.14) for pine wood. According to seasons, the fourth season gave the
highest total color change in treatments with NaOH solutions. Each of the bleaching
solutions decreased the metric chroma. This could have resulted from the effect of pH
values of H,O,. Bleaching is the removal or decolorization of chromophoric groups in the
structure of wood using various acidic chemicals and bleaching systems (Ejechi 1996)
(see in Figs.1 and 2).

In this study, the highest color changes occurred in bleached wood specimens
after the fourth season. This could be explained as moisture loss in wood or the effect of
solution groups. The catalyzing effect of ultraviolet waves, and other outdoor factors
causes lignin and cellulose structures to degrade in wood, and it was seen that metric
chroma (C) values decreased clearly in samples treated with the NaOH solution in both
wood species. A statistically significant difference was observed compared to control
samples with respect to weathering time.

Metric chroma was the highest in beech and the lowest in Scots pine. According
to varnish type, metric chroma was the highest in polyurethane varnish and the lowest in
synthetic varnish. According to bleaching solutions, metric chroma was the highest in
H,0; and the lowest in NaOH. This might be due to the texture of wood materials, layer
properties of varnishes, and applying period (2-3 min) of the bleaching process (Keskin
and Atar 2007. 2008). As a matter of fact, different results were obtained depending on
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the weathering periods. Average values according to wood type, varnishes, and
weathering period are given in Table 2 and 3.

The highest total color change value (AE*) was obtained after the fourth season
with the NaOH solution on beech wood. The NaOH solution caused higher total color
change in comparison with the H;O, on Scots pine wood, too. It was observed that the
total color change on beech wood was higher than the total color change on Scots pine
wood. NaOH solution caused a slight decrease in redness of Scots pine, while the H,O,
solutions caused much more change toward green after the fourth season. However, when
the H,O, solution was used, the red tint of the sample totally disappeared (a* = 0.01).
There was no important color changes in yellowness (b*) after bleaching. While sodium
hydroxide solutions caused a slight increase of yellowness of Scots pine, it caused a
slight decrease in yellowness of beech wood.

It was seen that weathering time decreased the a* (redness) value, depending on
the interaction of wood species and solution type. But, the highest a* value (50-58%) was
observed in the control samples. Similar results have been described in the literature
(Ozcifci and Ozpak 2008).

CONCLUSIONS

Of the wood species considered, beech wood showed the highest color change.
This means that dark-colored surfaces might increase with the weathering of wood by
increasing the surface temperature, which causes an increase in the rate of moisture
desorption and photochemical degradation (Meijer 2001).

After the varnishing, the effects of the bleaching solution treatments on the metric
chroma of the varnish layer were important. The main impact was due to the varnish
structure. Therefore, the average metric chroma of control samples treated with bleaching
solutions were found to be 14.02 and 42.96, respectively. NaOH solution reduced the
total color change of varnished wood by 31 to 61% and the metric chroma of varnish
layers by 33-77%.

Hydrogen peroxide solution caused the highest increase in b* (yellowness) of
Scots pine wood, while sodium hydroxide caused a decrease. According to this, it is seen
that there were statistical significant differences between treatment groups and an
unexposed and bleached group.

After the fourth season, synthetic varnish showed a dark surface coating. But
polyurethane varnish gave a lighter surface. Compared to control samples, the bleached
and weathered surface gave more colorized surfaces, so if the NaOH solution is used
alone as a bleaching solution, it causes darkening of wood materials. To avoid such
effects, NaOH can be mixed with H,O, solution, and the new mixed solution can be used
as a bleaching chemical.
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