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THE STUDY OF COLOUR CHANGES OF CHOSEN
SPECIES OF WOOD FROM SOUTHEAST ASIA CAUSED
BY TRANSPARENT COATINGS AND EXPOSURE TO
SUNLIGHT

In recent years the interest in exotic wood species has been increasing, which was
caused by these species’ specific properties. The aesthetic effect of the material,
especially the colour, is the most important aspect. Unfortunately, wood is suscep-
tible to strong discolouration caused by the coating process or exposure to sunli-
ght. This paper describes the influence of these factors on the colour stability of
Asian teak, merbau and kempas wood species that are mainly used for flooring.
It was proved, using spherical spectrophotometer, that uncoated wood became dar-
ker when exposed to the action of varnishes and sunlight. Lacquering, waxing and
shellac lacquering of wood does not protect it against discolouration, but makes the
colour more even on the whole surface.

Keywords: exotic wood, Intsia bijuga (Colebr.) O. Ktze, Koompassia malaccensis
Maing. ex Benth., Tectona grandis L., changes of wood colour, wood
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Introduction

The increasing popularity of exotic wood species has been visible in recent years
(an over twelvefold increase — Kozakiewicz 2006). Floors made of exotic wood
species change their colour due to external factors [Kozakiewicz 2005], especially
due to light and oxygen in the air. This poses serious problems, especially when
the floor is partially covered.

Colour is the reaction of sight to 400-700 nm light which enters the eye and is
projected onto the retina (visible light) [Mielicki 1997]. The colour of wood can
be changed using appropriate technical means such as application of a varnish co-
ating or oil paints, which can completely cover the natural colour of wood, but at
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the same time provide a protective coating designed to preserve the wood against
external factors. Transparent lacquering increases the natural colour intensive-
ness, but simultaneously accentuates all defects in pattern and colour.

Despite the exotic wood colour descriptions, the professional literature is limi-
ted to the data on colour change, but not obtained by organoleptic tests but using
colorimeter. The aim of this study was to determine the colour change of coated
merbau, kempas and teak wood resulting from exposure to sunlight.

Materials and methods

The following three Asian wood species, popular in Poland and often used for
flooring, were selected for tests (nomenclature in accordance with PN-EN
13556:2005 standard): merbau (/ntsia bijuga (Colebr.) O. Ktze.), kempas (Koom-
passia malaccensis Maing. ex Benth.), and teak (7Tecfona grandis L.). Their de-
tailed descriptions and characteristics are provided by Kozakiewicz and Szkartat
[2004], and Kozakiewicz [2006, 2008]. Before the tests, samples were planed and
sanded. The radial section of more uniform pattern was selected, rather than the
coarser, tangential section. Moisture content in wood ranged from 8% up to 12%.
Boards were cut into test samples of the following dimensions: 70x70%10 mm.
The samples were grouped (except group A — standard samples, and group B —
uncoated wood samples after solar radiation). In every group surface was finished
with various coatings produced by various manufacturers:

— in group C with two-component water-based polyurethane lacquer,

— in group D with one-component polyurethane lacquer,

— in group E with nitrocellulose lacquer,

— in group F with polyurethane lacquer,

— in group G with shellac lacquer,

— in group H with wax.

The materials were used in line with the producers’ suggestions. Then the
coated samples were placed in a room where they were exposed to direct sunlight
for one year (westward).

The analysis of colour change was based on the international CIE L*a*b*
model. Until the time of exposure to sunlight, the samples were kept in isolation
from it in order to preserve their natural colour. Measurements were taken before
coating, after coating and then after exposure to sunlight.

X-Rite SP-60 spherical spectrophotometer was used for the tests. Colour coor-
dinates (in the space dye) described the colour difference. Colour differences were
calculated according to the following formula:

— total colour difference:

AE* , =[(AL*)* + (Aa*)* +(Ab¥)* 12 (1)
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where: AL* - lightness difference,
Aa* - red colour difference (a>0),
Ab* - yellow colour difference (b>0).

— saturation difference:
C*, =(a* +b**)" @
— hue difference:
H*=arctg(b*/a*) 3)

The average values were calculated from obtained data (5 measurements per
single sample). For lack of a wood discolouration standard this study is based
on PN-ISO 7724-1:2003, PN-ISO 7724-2:2003, PN-ISO 7724-3:2003 standards
concerning lacquer discolouration.

Results

Obtained results for merbau (/ntsia bijuga (Colebr.) O. Ktze.), kempas (Koompas-
sia malaccensis Maing. ex Benth.) and teak (7ectona grandis L.) wood are presen-
ted in table 1 and fig. 1-3. On the basis of the detailed analysis of gathered data it
may be concluded that coated exotic wood changes its colour, which is caused by
exposure to sunlight. Lightness values dropped in comparison to control samples
(group A), i.e. the wood became darker. The greatest lightness change of merbau
wood was observed in group E (samples coated with nitrocellulose lacquer), and
the lowest in group C (samples coated with two-component water-based poly-
urethane lacquer). In the case of kempas wood the greatest lightness change was
found in group G (shellac lacquer), and the smallest in group H containing sam-
ples coated with wax. The results of teak wood tests were as follows: the darkest
samples were in group F (polyurethane lacquer coating) and the least darkened in
group B (samples subjected to solar radiation, no painting and no paint coatings).

The analysis of the remaining two colour parameters showed that the satura-
tion and hue of the exotic wood changed due to long exposure to sunlight. Colour
saturation (C*) of merbau and teak wood became stronger in all studied groups. In
the case of kempas wood chrome coating increased the paint systems of groups C,
D, E, and H, and decreased in groups B, F, and G (the samples’ surfaces became
pale).

It was observed that the average value of hue (H*) decreased for tested wood
species, which means that their colour changed. Based on this parameter it can be
determined (not organoleptic) that the similar to orange-red colour of the samples
of kempas wood and merbau wood became more similar to red-brown, while the
colour of kempas wood samples was darker.
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Table 1. The comparison of the colour parameters of wood species from Southeast
Asia caused by varnishing coatings and exposure to sunlight

Tabela 1. Zestawienie parametrow barwy drewna pochodzgcego 7 Azji Poludniowo-Wschod-
niej pod wplywem powlok lakierniczych i ekspozycji na dzialanie swiatla stonecznego

Colour parameters

Woc?d Cecha barwy drewna
species | Croup Lightness (L*) Saturation (C¥) Hue (H*)
tunek P Wartos¢ jasnosci Wartos¢ chromy Wartos¢ odcienia
drewna L*min L*;V'/ L*max | C*min C*;V'/ C*max | H*min H*;V'/ H*max
uncoated 39.82 44.47 50.10 | 20.53 22.45 2543 [ 52.777 5535 58.94
wood
drewno bez 42.09 42.98 44.39 |21.73 22.89 24.09 | 5470 55.11 55.55
powloki

41.54 43.02 44.89 | 24.74 26.44 27.52 | 53.42 5493 56.25
40.62 41.77 4270 | 23.15 2486 26.23 | 52.45 53.30 54.37
40.09 4038 40.85|24.66 25.11 2590 |48.82 49.19 49.82

coated wood
after exposu-
re to sunlight

MERBAU
(Intsia bijuga (Colebr.) O. Ktze.)

drewno 4120 41.88 42.58 |23.68 24.06 24.58 | 48.71 49.36 50.18

z powlokq po
naswictlaniu 41.11 41.70 42.50 [25.95 27.65 29.01 | 49.83 50.59 51.51
4139 4253 4422 |25.67 26.44 2835|4935 50.38 51.33
“‘ggi&ed 47.65 51.93 54.20|23.28 26.92 2894 |52.82 54.52 55.99

§ drewno bez
S=|  powloki 39.41 40.81 41.83 |21.95 22.94 23.62 | 48.41 48.83 4935

Q=

£§§ 3936 41.02 41.77 | 25.85 27.62 28.73 | 44.83 47.12 47.90
S

E.s % | coated wood 40.83 42.14 43.05[25.33 27.45 2935 |47.14 48.69 48.71

M 2 | after exposu-

M £ £ | re to sunlight 42.10 43.28 45.04 |27.89 28.78 30.62 | 48.69 50.00 52.04
§2 drewno 37.83 38.83 39.99 [2233 23.96 24.92 | 4021 41.28 42.07
M z powlokq po
= | aswietlaniu 3636 36.84 3772|2324 24.84 2640 |41.72 4273 4423

4436 44.77 45.65|26.82 27.86 28.58 | 50.28 50.81 51.74

uncoated 4557 5437 60.89 [23.18 26.71 31.50 | 63.11 67.52 69.32
wood
d b

;f;”v’v’;kfz 52.92 53.48 53.51 |33.82 34.14 34.86 | 64.46 64.66 64.89

50.32 51.31 53.20 |30.72 31.23 31.78 | 62.56 63.72 65.13
5249 5393 55.25(29.07 30.94 31.81|64.82 66.02 67.30
42.12 46.57 49.94 12699 30.62 33.10 | 58.68 61.26 63.24

coated wood
after exposu-
re to sunlight

TEAK
(Tectona grandis L.)

drewno 41.48 4442 4752 (2433 27.02 31.14 | 56.27 58.10 60.59
z powlokgq po
naswietlaniu 4739 47.80 4835 (33.14 3445 3532 |60.60 61.44 62.12

zje|=|=|ofe] @ | > |z|o|=[m[o]o]= [ > |z][a][=][m][c|c] = [ >

41.88 4558 47.69 | 24.33 28.14 30.70 | 57.67 60.89 63.75
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Fig. 1. The appearance of coated merbau wood samples (Intsia bijuga (Colebr.)

0. Ktze.) after exposure to sunlight
Rys. 1. Wyglqd probek drewna merbau (Intsia bijuga (Colebr.) O. Ktze.) pokrytego powloka-

mi po ekspozycji na dziatanie swiatla stonecznego

Fig. 2. The appearance of coated kempas wood samples (Koompassia malaccensis

Maing. ex Benth.) after exposure to sunlight
Rys. 2. Wyglad probek drewna kempas (Koompassia malaccensis Maing. ex Benth.) pokry-

tego powlokami po ekspozycji na dziatanie swiatla stonecznego

Fig. 3. The appearance of coated teak wood samples (Tectona grandis L.) after expo-

sure to sunlight
Rys. 3. Wyglqd probek drewna tikowego (Tectona grandis L.) pokrytego powlokami po eks-

pozycji na dziatanie swiatla stonecznego
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The biggest differences in this parameter were observed for a merbau wood sample
from group C (two-component paint, water-based) and for kempas wood samples
from group F (polyurethane lacquer). In the case of teak wood, it was observed
that samples of a colour similar to yellow got a bit darker shade of yellow, and the
biggest difference in hue was recorded for samples from group E (nitrocellulose
lacquer).

For comparison of different coatings, a total colour difference criterion
(fig. 4-6) and colour stabilisation was set. The scope of wood colour changes was
set on the basis of a nine-step scale [Mielicki 1997] given in table 2.
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Fig. 4. The comparison of total colour difference of coated merbau wood (Intsia biju-
ga (Colebr.) O. Ktze.) caused by exposure to sunlight

Rys. 4. Zestawienie catkowitej roznicy barwy drewna merbau (Intsia bijuga (Colebr.)
0. Ktze.) pokrytego powlokami po ekspozycji na dzialanie swiatla stonecznego
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Fig. 5. The comparison of total colour difference of coated kempas wood (Koompassia
malaccensis Maing. ex Benth.) caused by exposure to sunlight

Rys. 5. Zestawienie catkowitej roZnicy barwy drewna kempas (Koompassia malaccensis Ma-
ing. ex Benth.) pokrytego powtokami po ekspozycji na dziatanie swiatla stonecznego
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Fig. 6. The comparison of total colour difference of coated teak wood (Zectona gran-
dis L.) caused by exposure to sunlight

Rys. 6. Zestawienie catkowitej roznicy barwy drewna tikowego (Tectona grandis L.) pokryte-
go powlokami po ekspozycji na dzialanie swiatla slonecznego

Table 2. Colour stability [Mielicki 1997]
Tabela 2. Stopnie trwalosci barwy [Mielicki 1997]

Czk,’.ur. d‘fbference 0+ | 08+ | 1.7+ |25+ |34+ |48+ |68+ |96+ 136+
"Z’”CA“E arwy 02 | 02 | 03 [ 035] 04 | 05 | 06 | 07 | 1.0
Colour stability
Stopien trwatosci 5 4-5 4 3-4 3 2-3 2 1-2 1
barwy

On the basis of the classification presented in table 2, it can be said that there
was no correlation between tested wood species (the colour of each species co-
vered with the same painting and varnish coatings reacted differently to exposure
to natural sunlight). In the case of merbau wood the highest degree of colour
stability was found in the group of samples subjected to solar radiation, but not
coated with lacquer painting and coatings (group B). The most durable colour of
kempas wood samples was found in the group of wax-coated samples (group H),
and in the case of teak wood it was observed in the group of samples coated with
one-component polyurethane varnish (group D).

Conclusions

The tests run on three popular wood species from Southeast Asia, i.e. merbau,
kempas and teak wood, consisting in the evaluation of colour changes of wood
caused by different transparent coatings and exposure to sunlight, allow the follo-
wing conclusions:
1. transparent coatings (varnishes, wax, and shellac) and exposure to sunlight
caused changes in colours of wood surface,
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2. changes in colour were different in the three tested kinds of wood; the scope
of changes depended on the finishing coating applied,

3. covering of the wood samples’ surface with varnishes, waxes, and shellac,
and then subjecting them to sunlight resulted in darker colour of the samples,

4. generally application of varnish, wax and shellac did not protect wood from
changes of colour; however it made the colour more even on the entire wood
surface.
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BADANIE ZMIAN BARWY WYBRANYCH GATUNKOW
DREWNA Z AZJI POLUDNIOWO-WSCHODNIEJ
SPOWODOWANYCH TRANSPARENTNYMI POWLOKAMI
1 ODDZIALYWANIEM SWIATEA SLONECZNEGO

Streszczenie

W ostatnich latach widoczna jest rosnaca popularnos¢ drewna egzotycznego na rynku
europejskim. Podlogi wykonane z drewna egzotycznego zmieniajg swoja barwe pod
wplywem czynnikéw zewnetrznych. W opisach barwy drewna egzotycznego w litera-
turze fachowej brak danych, pozyskanych nie organoleptycznie, lecz za pomoca kolory-
metréw fizycznych. Celem niniejszej pracy byto zbadanie, przy uzyciu spektrofotometru
sferycznego, zmian barwy wybranych gatunkéw drewna z Azji Potudniowo-Wschodniej
(tik, merbau, kempas) z naniesionymi transparentnymi powlokami pod wptywem dziata-
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nia $wiatta stonecznego. Analiz¢ zmiany barwy wykonano na podstawie matematycznego
modelu przestrzeni barw CIE L*a*b*, opracowanego przez Migdzynarodowa Komisje
Oswietleniowa, uwzgledniajacego zalecenia zawarte w normie PN-ISO 7724-3:2003.

Wyniki przeprowadzonych badan pozwalaja stwierdzi¢, ze transparentne powloki
(lakiery, wosk, politura) i ekspozycja na dziatanie §wiatta stonecznego powoduja zmia-
ny barwy drewna. Zmiany barwne maja zréznicowany charakter dla badanych gatunkow
drewna, a wielko$¢ zmian jest zalezna od zastosowanego $rodka uszlachetniajacego.
Wigksza zmienno$¢ barwy wykazuje drewno, ktdre zostato pokryte powtokami niz drew-
no niczym niezabezpieczone. Lakierowanie, woskowanie i politurowanie drewna general-
nie nie zabezpiecza go przed zmianami barwy, jednak wyrownuje jego kolorystyke (barwa
drewna jest wyrownana na catej powierzchni).

Stowa kluczowe: drewno egzotyczne, Intsia bijuga (Colebr.) O. Ktze, Koompassia malaccensis
Maing. ex Benth., Tectona grandis L., zmiany barwy drewna








