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PROTECTION OF BIRCH AND WALNUT WOOD COLOUR
FROM THE EFFECT OF EXPOSURE TO LIGHT USING
ULTRA-FINE ZINC WHITE

The research was carried out using methods of accelerated ageing tests consisting
in exposure of birch and walnut wood surface to xenon lamp light. It was proved
that the use of ultra-fine zinc white in lacquer made it possible to obtain furniture
elements of high lightfastness.
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Introduction

Because of its decorative and functional qualities wood is commonly used in the
furniture industry. Finishing of its surface by lacquering brings out the pattern
and colour of wood, and at the same time it improves aesthetic and decorative
qualities. The colour of wood depends on chemical composition, age and origin
of the tree. Wood exposed to external factors such as, for instance, humidity,
temperature, biotic factors or light, undergoes ageing processes and as a result of
these processes it loses not only mechanical strength but also its aesthetic quali-
ties [Kataoka et al. 2006; Dziurzynski et al. 1988; Fumiro et al. 1996].

In order to extend durability of furniture in use, wood is subjected to finish-
ing, for example with clear lacquers. However, this process does not protect
wood against photochemical reactions of wood composites [Paprzycki et al.
1994]. One method of protection of wooden furniture colour durability is adding
UV radiation absorbers to lacquer composition. The existing agents which limit
colour change may be generally classified as organic absorbers, inorganic ab-
sorbers, and stabilizers of UV radiation. Depending on chemical structures and
types of substituents, organic absorbers change their properties; however the
maximum of UV light absorption is within the range of 280-350 nm. Tradition-
ally used inorganic compounds demonstrate absorption of UV radiation and
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visible light; however they cause partial coverage (matting) of the base surface.
Thanks to nanotechnology inorganic compounds may be so prepared that the
lacquer coating produced with the share of these compounds does not cover the
base and at the same time protects wood surface against ultraviolet light and part
of visible light.

In the field of improvement of resistance to atmospheric factors, including
light, such applications of nanomaterials as the following inorganic compounds
are mentioned: titanium oxides, zinc oxides, cerium oxides, and iron oxides
[Boehm 2005]. As UV absorbers, the nanoparticles of inorganic compounds are
especially important for these lacquer products, in which organic absorbers de-
monstrate a strong trend towards migration and sublimation which decreases
their effectiveness as regards light protectiveness [Knowles 2006]. Particles of
the size equal to half of the wave length of light getting to their surface have
the highest refraction coefficient. In the visible range the highest refraction
coefficient characterises particles of the size within the range of 200-385 nm,
and in the case of ultraviolet — particles whose size ranges from 140 to 200 nm.
In the case where the size of particles is smaller than half of the wave length the
substance will not effectively reflect the light [Glowczyk-Zubek, Gabrylewicz
2001].

Own research of the author indicates that the use of the same light protective
agent, as an addition to lacquer, protects particular wood species to various
degrees as regards the effect of exposure to light. It also happens that a finished
surface instead of improving its lightfastness reduces it. A similar phenomenon,
i.e. improvement or reduction of lightfastness, was observed in the case of
wood subjected to extraction of secondary wood components [Nowaczyk et al.
2004].

Aim and scope of the research

The aim of the research was to determine the effect of modification of wood

(impregnation) and water-based lacquer with ultra-fine zinc white on colour

durability of birch and walnut veneer exposed to light.
The scope of the research encompassed determination of the influence of:

— wave length of light getting to the surface of birch and walnut wood on col-
our change,

— share of nanoparticles of zinc oxide added to lacquer on the reduction of
colour change of wood finished surface caused by light,

— wood impregnation with water dispersions of zinc oxide on colour change
caused by light.
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Test methodology

Materials used in the tests

Birch and walnut veneers were used in the tests. The wood species selection
criterion was different resistance to light of the wave length of 270-800 nm
(UV-VIS) and 400-800 nm (VIS). Table 1 presents characteristic of the veneers.

Table 1. Characteristic of the veneers
Tabela 1. Charakterystyka oklein

Wood species

Characteristic of veneers Gatunek drewna
Charakterystyka oklein Birch Walnut
Brzoza Orzech
Colour L 83,43 54,09
coordinates*®) a 4.9 72
Wspotrzedne . .
barwy*®) b 15,5 13,1
Moisture content of wood 6.2 56
Wilgotno$é drewna ’ ’
Veneer thickness [mm] 06 0.6
Grubosé okleiny [mm] ’ ’
*) Average value from 20 measurement points.
*) Wartos¢ srednia z 20 punktow pomiarowych.
Table 2. Physical and chemical properties of the lacquer product
Tabela 2. Wlasciwosci fizyko-chemiczne wyrobu lakierowego
Tested property Unit Lacquer
Badana wlasciwos¢ Jednostka Lakier
Density 3
Gestos¢ g/em 1,04
Content of film making substances o 3
Zawarto$¢ ciat blonotworczych ’
Viscosity in 23°C
Lepkos¢ w 23°C S 25-30
Gloss at 60° N
Potysk przy 60° % 28-32
Drying time in 70°C . o
Czas suszenia w 70 °C n 10-15
Diluent B Water
Rozcienczalnik Woda
pH - 8,1
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A lacquer characterised by high resistance to light was used so as to show
the influence of nanoparticles of ultra-fine zinc white on the improvement of
resistance to light of finished wood elements. The second criterion for lacquer
product selection was its low toxicity. Amongst products offered on the market
the above-mentioned requirement was fulfilled by water-based lacquer produced
on the base of acrylic dispersion by one of leading producers of lacquer
products. Physical and chemical properties of the lacquer are presented in
table 2, whilst properties of nanoparticles of zinc oxide (ZnO) are shown in
table 3.

Table 3. Physical and chemical properties of zinc oxide*)
Tabela 3. Wlasciwosci fizyko-chemiczne tlenku cynku*)

. Symbol of zinc oxide (ZnO)
P ro}"?me,s . Symbol tlenku cynku (ZnO)
Wiasciwosci
Nano 20 Nano 40 Nano 60
Appearance White water dispersion
Wyglad Biata dyspersja wodna
Particle size [nm]
Rozmiar czqstki [nm] 20 40 60
Content of ZnO [%]
Zawartos¢ ZnO [%] 40 40 >0
Density [g/cm3]
Gestosé [g/em3] 1,59 1.59 L.72
pH 7 7 7

*) Data from the producer.
*) Dane producenta.

Radiation filters

In order to determine the influence of electromagnetic wave length on wood
colour change during exposure to xenon lamp light of the wave length of
270-800 nm the surfaces of birch and walnut veneers were covered with optical
filters A-F. Fig. 1 presents characteristic of transmittance of xenon lamp light
through filters B-F. According to the data of the producer of the SUNTEST
apparatus, filter A (quartz glass) lets through the radiation of the wave length of
270-800 nm; however shape and dimensions of the filter made it impossible to
make transmittance spectrum.
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Fig. 1. Transmittance of xenon lamp light through glass filters B-F (own research)
Rys. 1. Przepuszczalnosé¢ swiatta lampy ksenonowej przez filtry stklane B-F (badania
wlasne)

Preparation of samples for testing

Modification — impregnation of wood with water dispersion containing
nanoparticles of zinc oxide

Veneer samples of the dimensions of (50 x 50 x 0.6) mm in the amount of aro-
und 20 g were placed in beakers of the volume of 600 ml. Then the samples
were poured over with 500 ml of a dispersion of commercial zinc oxide prepara-
tions (ZnO) dilute in distilled water in the following proportions: 2.5 : 97.5 ml
(Nano 20 and Nano 40 preparations) and 2:98 ml (Nano 60 preparation).
Impregnation of wood was conducted in vacuum drier (7 mbar) for 30 minutes.
After impregnation the samples were protected from the access of light and dried
in the temperature of 23 +°C.

Lacquer coatings on quartz plates

220 g/m’ of 9 lacquer compositions was applied on the surface of quartz plates
of the dimensions of 30 x 50 X3 mm. The applied systems were the following:
EM lacquer without ZnO, EM lacquer + 2%, 4% and 6% share of Nano 20,
Nano 40 and Nano 60 zinc oxide preparations. So prepared samples were dried
in the temperature of 23 + 2 °C. The thicknesses of created coatings were within
the range of 69-71 pm. Characteristic of transmittance of light of the wave
length of 270-800 nm through the created lacquer coatings is presented in fig. 2.
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Fig. 2. Transmittance of radiation through lacquer coatings without and with
different shares of zinc white (3820, 3840 and 3860) on quartz plates

Rys. 2. Przepuszczalnos¢ promieniowania przez powloki lakierowe bez udzialu oraz
z roznym udziatem bieli cynkowej (3820, 3840 oraz 3860) na plytkach kwarcowych

The transmittance of radiation through lacquer systems containing ultra-fine
zinc white was determined using a UV VIS — Spekol 1500 spectrophotometer,
by AnalitykJena. Determinations of transmittance were recorded every 1 nm
for the wave range of 270-500 nm and every 5 nm for the wave length of
500-800 nm.

Lacquer coatings on natural veneers

10 samples of the dimensions of (90 x 500 x 12) mm were cut out from particle-
boards covered with birch veneer, and 10 samples of the dimensions of
(90 x 500 x 12) mm were cut out from particleboards covered with walnut
veneer. Then around 44 g/m* of EM lacquer without ultra-fine zinc white (ZnO)
was applied on the samples using a sponge. On so prepared base one layer of
each of different lacquer-absorber compositions was applied using an aperture
applicator (aperture of 240 um). In this way 10 variants of coatings on each of
the wood species were obtained. The thicknesses of particular finishing types are
presented in table 4.
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Table 4.Characteristic of the surface of tested furniture elements
Tabela 4.Charakterystyka powierzchni badanych elementow meblowych

Layers of lacquer coating Thickness of lacquer coating [pum]
Ve;ezr tYPe Warstwy powloki lakierowej Grubosé pokrycia lakierowego [um]
odzaj
okleiny 1 2 Min. Max. ‘2::;:?:
EM lacquer without ZnO
Lakier EM bez udziatu ZnO 36 37 36
EM lacquer + 2% Nano 20
Lakier EM + 2% Nano 20 > 58 37
EM lacquer + 4% Nano 20
o9 Lakier EM + 4% Nano 20 >4 >8 36
g X | EM lacquer + 6% Nano 20 56 61 53
5 ~§ Lakier EM + 6% Nano 20
£ & | EM lacquer + 2% Nano 40 73 75 74
Birch ‘g 5 | Lakier EM + 2% Nano 40
Brzoza 5 = | EM lacquer + 4% Nano 40
&3 | Lakier EM + 4% Nano 40 72 77 4
= g5 | Lakier EM + 6% Nano 40
3
E < | EM lacquer + 6% Nano 40 74 76 i
~ | EM lacquer + 2% Nano 60 75 79 77
Lakier EM + 2% Nano 60
EM lacquer + 4% Nano 60
Lakier EM + 4% Nano 60 76 80 8
EM lacquer + 6% Nano 60
Lakier EM + 6% Nano 60 74 77 &
EM lacquer without ZnO
Lakier EM bez udziatu ZnO 61 64 62
EM lacquer + 2% Nano 20
Lakier EM + 2% Nano 20 67 70 68
EM lacquer + 4% Nano 20
o Lakier EM + 4% Nano 20 65 68 66
= X | EM lacquer + 6% Nano 20
N
5 Ni Lakier EM + 6% Nano 20 62 67 63
g & | EM lacquer + 2% Nano 40 53 6 61
Walnut ‘g | Lakier EM + 2% Nano 40
Orzech 5 = | EM lacquer + 4% Nano 40
&5 | Lakier EM + 4% Nano 40 37 63 61
= 5 EM lacquer + 6% Nano 40 67 7 69
E X | Lakier EM + 6% Nano 40
~ | EM lacquer + 2% Nano 60 70 74 7
Lakier EM + 2% Nano 60
EM lacquer + 4% Nano 60
Lakier EM + 4% Nano 60 63 68 63
EM lacquer + 6% Nano 60
Lakier EM + 6% Nano 60 64 67 65

Thickness of lacquer coatings was determined using a QuintSonic PRO
ultrasound thickness gauge, by ElektroPhysik.
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Tests of surface resistance to light

Surface resistance to light was tested according to EN 15187:2005. Test dura-
tion, which is a measure of material resistance to light, was determined based on
the change of colour between light exposed and not light exposed part of the
sixth standard of the blue woollen fabric at 4 degree of grey scale contrast whose
numerical value in the LAB system is AE = 1.7 £ 0.3 [PN-EN 20105-A02:1996;
PN-EN ISO-105-J03:2000].

Irradiation was conducted in a SUNTEST CPS apparatus, by Heraeus,
equipped with a xenon lamp covered with quartz filter letting through light of
the wave length of 270—800 nm.

The colour of tested surfaces before and after irradiation was measured using
an ELREPHO 2000 spectrophotometer, and colour coordinates were recorded in
the CIE Lab system.

Colour change was calculated acc. to the following formula [PN-ISO 105-
B02:2006]:

AE = [(AL)* + (Aa)® + (Ab)’ (1)
where: AE — colour difference,
L - colour achromatic coordinate (lightness); L =100 indicates

approximation of a given colour to white, and L = 0 to black,

a,b — colour chromatic coordinates; (+ a) indicates red colour, (—a)
indicates green colour, (+b) indicates yellow colour, (—b)
indicates blue colour.

The measurement of colour coordinates L*, a*, b* of veneers before and
after irradiation was done in the same, accurately marked places (fig. 3).

Before irradiation After irradiation
Przed naswietlaniem Po naswietlaniu

Fig. 3. The method for measurement of veneer colour coordinates before and after
irradiation
Rys. 3. Sposob pomiaru wspotrzednych barwy oklein przed i po naswietlaniu
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Test results

The impact of wave length of electromagnetic radiation getting to wood surface on
colour change (AE) after irradiation

Fig. 4 and 5 present colour change (AE) of surface of birch and walnut veneers
after 45 h of exposure to radiation of the wave length of 270-800 nm, 310-800
nm, 350-800 nm, 400-800 nm, 420-650 nm, and 450-800 nm (A—F filters —
fig. 2) .

The change of birch veneer colour is determined mainly by ultraviolet light.
AE of surface exposed to light of the wave length of 270-800 nm and 310-800
nm was 14.83 and 10.31, respectively. Blocking of 270-350 nm radiation by
application of filter C (fig. 1) brought about rapid reduction of wood colour
change to the value of AE =3.5. The change of birch surface colour caused by
visible light (400800 nm) was relatively insignificant and, depending on
applied filters (D-F), ranged from 2.19 to 2.52.
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Fig. 4. Colour change AE of birch veneer covered with filters A-F after 45 h of
exposure to light of the wave length of 270-800 nm

Rys. 4. Zmiana barwy AE okleiny brzozowej osltonietej filtrami A—F po 45 h dzialania
swiatla o dlugosci fal 270-800 nm
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In the case of walnut wood, it was observed that the range of ultraviolet light
and the range of visible light are responsible for photochemical reactions
accompanied by colour effects. The colour change caused by (UV-VIS) radia-
tion 270-800 nm and 310-800 nm was 6.79 and 8.41. Unlike in the case of birch
wood, blocking of 270-350 nm radiation did not cause considerable reduction of
wood colour change. AE of walnut veneer exposed to light of the wave length of
350-800 nm (filter C) was 7.0. As a result of exposure to visible light VIS
(400-800 nm) the surface colour change was 5.24 (filter D) and 3.93 (filter F —
450-800 nm). An insignificant value of AE caused by radiation of the wave
length of 420-650 nm (filter E) may stem from either lower transmittance of this
light range to wood surface by filter E (fig. 1) or photochemical reactions
consisting in, for instance, disintegration of colour chromophore groups present
in wood.
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Fig. 5. Colour change AE of walnut veneer covered with filters A—F after 45 h of
exposure to light of the wave length of 270-800 nm

Rys. 5. Zmiana barwy AE okleiny orzechowej oslonigtej filtrami A-F po 45 h dzialania
swiatla o dlugosci fal 270—800 nm
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The influence of wood impregnation with water dispersion of nanoparticles of zinc
oxides on colour change caused by irradiation

Two processes resulted simultaneously from wood impregnation. The first one
was partial removal of components soluble in cold water. The second was intro-
duction of nanoparticles of zinc oxide (ZnO) into wood structure. From fig. 6
and 7 it follows that leaching of extraction substances during wood impregnation
with distilled water only had the least impact on wood colour change. The chan-
ge of birch colour was 1.06, whilst of walnut colour 2.12. Removal of extraction
substances and simultaneous introduction of zinc oxide nanoparticles of the size
of 20 nm, 40 nm, and 60 nm into wood caused much greater changes of wood
colour in comparison with not impregnated wood. Depending on the size of zinc
white nanoparticles introduced into wood, the change of birch colour ranged
from 3.27 to 4.87, whereas AE of walnut was in the range of 6.99-10.78. These
changes were caused mainly by the colour component “L” (tables 5—6). The
impregnation of wood resulted in lightening of wood surface which might
contributed to improvement of colour durability of modified wood compared to
not modified wood. The improvement of colour durability (smaller change
of AE after 45 h of exposure to light — fig. 8 and 9) was caused by the fact that
lightener wood surface reflected visible light to a greater extent. Therefore in the
case of walnut wood (sensitive to visible light) impregnation of wood resulted in
much better protective effect compared to birch wood. The change of colour of
walnut impregnated with zinc oxide was in the range of 4.22—4.95, whilst AE of
not impregnated wood was 7.52. In the case of birch veneer characterised by
much smaller sensitivity to VIS light the difference between AE values for
impregnated and not impregnated wood was around unity. In the case of both
veneers, it was observed that extraction of secondary wood components with
cold water had a negative impact.

Table 5. Change of colour coordinates of birch surface after impregnation
Tabela 5. Zmiana wspotrzednych barwy powierzchni brzozowej po nasycaniu

Change of colour coordinates L*,a* and b* Wood impregnation with
of birch Wood after impregniti(lnb . Nasycanie drewna
Zmlm;ixf; foi’;y ;ﬁ f,f,’;;vgaih;a ’ \;;32: Nano 20 Nano 40 Nano 60
AL 0,47 -2,98 —4,48 -2,96
Aa 0,3 0,6 1,8 0,6
Ab —0,9 -1,2 0,6 -1,6
AE 1,06 3,27 4,87 3,42
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Fig. 6. Colour change AE of birch veneer after impregnation with distilled water
and water dispersion of Nano 20, Nano 40, and Nano 60 preparations

Rys. 6. Zmiana barwy AE okleiny brzozowej po nasycaniu wodq destylowanq oraz wodng
dyspersjq preparatow Nano 20, Nano 40 i Nano 60
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Fig. 7. Colour change AE of walnut veneer after impregnation with distilled water
and water dispersion of Nano 20, Nano 40, and Nano 60 preparations

Rys. 7. Zmiana barwy AE okleiny orzechowej po nasycaniu wodq destylowanq oraz wodng
dyspersjq preparatow Nano 20, Nano 40 i Nano 60
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Table 6. Change of colour coordinates of walnut surface after impregnation
Tabela 6. Zmiana wspotrzednych barwy powierzchni orzechowej po nasycaniu

Change of colour coordinates L*,a*,and b* Wood impregnation with
of walnut wood after impregnation Nasycanie drewna
Zmiana wspotrzednych barwy L*,a* b* Water
drewna orzecha po nasycaniu Wodq Nano 20 | Nano40 | Nano 60
AL —-0,93 —6,96 -6,51 —-10,26
Aa 0,1 0,4 0,5 1,4
Ab -1,9 3,2 2,5 3
AE 2,12 6,07 6,99 10,78
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Fig. 8. Distribution of colour change (AE) during irradiation with light of the wave
length of 270-800 nm of birch veneer impregnated with distilled water and water
dispersion of zinc whites of the particles’ size of 20 nm, 40 nm, and 60 nm

Rys. 8. Przebieg zmian barwy (AE) w czasie naswietlania Swiatlem o diugosci fal 270-800
nm okleiny brzozowej nasyconej wodq destylowanq oraz wodngq dyspersjq bieli cynkowych
o rozmiarach czqstek 20 nm, 40 nm oraz 60 nm



32 Magdalena NOWACZYK-ORGANISTA

10,00

—@— control / kontrolna /
9,00 —— water / woda

= == =Nano 20 /
8,00 —e— Nano40

—e—Nano 60 / —
7,00 / .
6,00 /

5,00

3,00

- »
-, w
'-___.-:__-/
- -
2,00 - .

Colour change AE / Zmiana barwy AE
‘\\
i}
\
R
l“
1
'l ‘
A
L

0,00

10 15 20 25 30 35 40 45
Time of irradiation [h] / Czas naswietlania [h]

Fig. 9. Distribution of colour change (AE) during irradiation with light of the wave
length of 270-800 nm of walnut veneer impregnated with distilled water and water
dispersion of zinc whites of the particles’ size of 20 nm, 40 nm, and 60 nm

Rys. 9. Przebieg zmian barwy (AE) w czasie naswietlania swiatlem o dlugosci fal 270-800
nm okleiny orzechowej nasycaneej wodq destylowanq oraz wodnq dyspersjq bieli cynko-
wych o rozmiarach czqstek 20 nm, 40 nm oraz 60 nm

The influence of nanoparticles of zinc oxides in lacquer on colour durability
of finished wooden elements

Birch veneer

Fig. 10 and 11 present change of colour (AE) of birch veneer finished with EM
lacquer without the addition of zinc white (oxide) and with different percentage
shares of ZnO nanoparticles of the particle size of 20 nm, 40 nm, and 60 nm,
caused by xenon lamp light of the wave length of 270-800 nm.

From fig. 10 and 11 it follows that the best effect of birch wood protection
against light was obtained for lacquer systems with a 4% share of zinc whites
(Nano 20, Nano 40, and Nano 60). The change of colour of these lacquer
systems during the whole exposure period (45 h) did not exceed the value
of AE<1.7%£0.3. These systems block UV radiation in the wave range of
270-380 nm (fig. 2). From a practical point of view, the lacquer coating with the
share of white of the smallest size of particles is the best system protecting
wood colour against the effect of exposure to light amongst these 3 variants of
finishing. At the same time this coating ensures the best exposition of wood
pattern (without the effect of matting).
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Fig. 10. Colour change of birch veneer finished with EM lacquer without the share
and with different shares of Nano 20, Nano 40, and Nano 60 zinc whites after 45 h
of exposure to light of the wave length of 270-800 nm

Rys.10. Zmiana barwy okleiny brzozowej uszlachetnionej lakierem EM bez udzialu oraz
g roznym udzialem bieli cynkowych Nano 20, Nano 40 oraz Nano 60, po 45 h naswietlania
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Fig. 11. Distribution of colour change (AE) during irradiation with light of the wave
length of 270-800 nm of birch veneer finished with EM lacquer with a 4% share of
zinc whites of the particles’ size of 20 nm, 40 nm, and 60 nm

Rys. 11. Przebieg zmian barwy (AE) w czasie naswietlania swiatlem o dlugosci fal 270-800
nm okleiny brzozowej wykonczonej lakierem EM 7 4% udzialem bieli cynkowych o roz-
miarach czqstek 20 nm, 40 nm oraz 60 nm
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Fig. 12. Change of the lightness coordinate (AL) of birch wood finished with EM
lacquer without the share and with different percentage shares of Nano 20, Nano
40, and Nano 60 zinc whites after 45 h of irradiation with light of the wave length of
270-800 nm

Rys.12. Zmiana wspolrzednej jasnosci (AL) drewna brzozy uszlachetnionego lakierem EM
bez udzialu oraz 7 roZnym procentowym udzialem bieli cynkowych Nano 20, Nano 40 oraz
Nano 60, po 45 h naswietlania swiatlem o dlugosci fal 270-800 nm
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Colour change Aa / Zmiana barwy Aa

Time of irradiation — 45 h / Czas naswietlania — 45 h

Fig. 13. Change of the chromatic coordinate (Aa) of birch wood finished with EM
lacquer without the share and with different percentage shares of Nano 20, Nano
40, and Nano 60 zinc whites after 45 h of irradiation with light of the wave length of
270-800 nm

Rys.13. Zmiana wspétrzednej chromatycznej (Aa) drewna brzozy uszlachetnionego lakie-
rem EM bez udzialu oraz 7 roinym procentowym udziatem bieli cynkowych Nano 20,
Nano 40 oraz Nano 60, po 45 h naswietlania swiatlem o dlugosci fal 270-800 nm
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Lacquer coatings with a 2% share of zinc whites protected wood colour
against the effect of irradiation to a small degree. The change of colour of wood
finished with EM lacquer without the addition of zinc white was 10.2, whilst AE
of wood protected with the lacquer with a 2% share of zinc whites used in the
tests was 8.3 (ZnO-Nano20), 8.2 (Nano 40), and 7.6 (Nano 60). The lack of
appropriate protection of wood colour against the effect of exposure to light
(AE > 1.7 £ 0.3) stems from the fact that these coatings let through radiation of
the wave range of 280-370 nm (fig. 2) which causes photochemical reactions of
birch wood, which reactions bring about the greatest colour effects (fig. 4).

HEM B EM + 2% Nano 20 EM + 4% Nano 20

12 EEM + 6% Nano 20 B EM + 2% Nano 40 EEM + 4% Nano 40 |
BEM + 6% Nano 40 BEM + 2% Nano 60 EEM + 4% Nano 60

10 B EM + 6% Nano 60 7

Colour change Ab / Zmiana barwy Ab

Time of irradiation — 45 h / Czas naswietlania — 45 h

Fig. 14. Change of the chromatic coordinate (Ab) of birch wood finished with EM
lacquer without the share and with different percentage shares of Nano 20, Nano
40, and Nano 60 zinc whites after 45 h of irradiation with light of the wave length of
270-800 nm

Rys.14. Zmiana wspotrzednej chromatycznej (Ab) drewna brzozy uszlachetnionego lakie-
rem EM bez udzialu oraz z roinym procentowym udzialem bieli cynkowych Nano 20,
Nano 40 oraz Nano 60, po 45 h naswietlania swiatlem o dlugosci fal 270-800 nm

The change of colour of birch finished with EM lacquer with a 6% share of
zinc whites is approximately 2 times greater in comparison with the change of
colour of wood finished with the lacquer with a 4% share of ZnO. The analysis
of colour coordinates “L”, “a” and “b” (fig. 12—14) indicates that the addition of
zinc whites at the amount of 6% to EM lacquer caused change in the direction of
changes of finished wood surface colour components. As a result of exposure to
UV-VIS (270-800 nm) radiation wood surface became darker (—AL), more red
(+Aa), and more yellow (+ Ab). Limitation of the influence of UV radiation by
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adding 2% of ZnO to EM lacquer caused reduction of coordinate “b” changes,
whereas blocking of UV radiation (270-380 nm) by using a 6% share of ZnO
caused the situation, where, as a result of irradiation, birch surface became
lighter (AL), les red and less yellow. It may mean that UV light causes photo-
chemical reactions in birch wood during which colour chromophore systems are
created, whereas visible light is responsible for disintegration of chromophore
systems present in wood. An appropriately selected share of the absorber allow
establishment of such a wood-lacquer-absorber system, in which changes of
wood colour caused by UV and VIS radiation are balanced, i.e. change of colour
of the whole system will not exceed the assumed value of AE=1.7 £ 0.3.

Walnut veneer
Fig. 15 presents the change of colour (AE) of walnut veneer finished with EM
lacquer without an addition of zinc white and with different percentage shares of

zinc white. The change was caused by xenon lamp light of the wave length of
270-800 nm.

HEM EEM + 2% Nano 20 EEM + 4% Nano 20
EEM+6% Nano 20 BEEM+2% Nano40 &EEM +4% Nano 40

10 B EM +6% Nano 40 B EM +2% Nano 60 EIEM + 4% Nano 60 H
B EM + 6% Nano 60
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Time of irradiation — 45 h / Czas naswietlania — 45 h

Fig. 15. Colour change of walnut veneer finished with EM lacquer without the
share and with different shares of Nanobyk 3820, Nanobyk 3840, and Nanobyk
3860 zinc whites after 45 h of irradiation with light of the wave length of 270-800
nm

Rys. 15. Zmiana barwy okleiny orzechowej uszlachetnionej lakierem EM bez udziatu oraz
z roinym udzialem bieli cynkowych Nanobyk 3820, Nanobyk 3840 oraz Nanobyk 3860, po
45 h naswietlania swiattem o dlugosci fal 270-800 nm
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Time of irradiation — 45 h / Czas naswietlania — 45 h

Fig. 16. Change of the lightness coordinate (AL) of walnut wood finished with EM
lacquer without the share and with different percentage shares of Nano 20, Nano
40, and Nano 60 zinc whites after 45 h of irradiation with light of the wave length of
270-800 nm

Rys.16. Zmiana wspotrzednej jasnosci (AL) drewna orzecha uszlachetnionego lakierem
EM bez udzialu oraz z roinym procentowym udziatem bieli cynkowych Nano 20, Nano 40
oraz Nano 60, po 45 h naswietlania swiatlem o dtugosci fal 270-800 nm

HEM EEM + 2% Nano 20 EIEM + 4% Nano 20
EEM + 6% Nano 20 HEEM + 2% Nano 40 EEM + 4% Nano 40
B EM + 6% Nano 40 HBEEM + 2% Nano 60 EJEM + 4% Nano 60
® EM + 6% Nano 60

Colour change Aa / Zmiana barwy Aa

Time of irradiation — 45 h / Czas naswietlania — 45 h

Fig. 17. Change of the chromatic coordinate (Aa) of walnut wood finished with EM
lacquer without the share and with different percentage shares of Nano 20, Nano
40, and Nano 60 zinc whites after 45 h of irradiation with light of the wave length of
270-800 nm

Rys.17. Zmiana wspolrzednej chromatycznej (Aa) drewna orzecha uszlachetnionego lakie-
rem EM bez udzialu oraz 3 réinym procentowym udzialem bieli cynkowych Nano 20,
Nano 40 oraz Nano 60, po 45 h naswietlania swiatlem o dlugosci fal 270-800 nm
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The change of the colour of walnut veneer surface finished with EM lacquer
decreases as the share of zinc white increases. However, none of the applied
systems, differing by size and percentage share of zinc white in lacquer, suffi-
ciently protected wood colour against the effect of exposure to light
(AE >1,710,3).

The analysis of the changes of coordinates L*, a*, b* (fig. 16—18) of walnut
indicates that, unlike in the case of birch veneer, all colour coordinates changed
in the same direction, independently of the wave length of light getting to the
base — wood.

HEM BEM + 2% Nano 20 [EBEM + 4% Nano 20
EM + 6% Nano 20 B EM +2% Nano 40 EEM + 4% Nano 40
BEM+6% Nano 40 EBEM +2% Nano 60 EEM + 4% Nano 60
B EM + 6% Nano 60

Colour change Ab / Zmiana barwy Ab

Time of irradiation — 45 h / Czas naswietlania — 45 h

Fig. 18. Change of the chromatic coordinate (Ab) of walnut wood finished with EM
lacquer without the share and with different percentage shares of Nano 20, Nano
40, and Nano 60 zinc whites after 45 h of irradiation with light of the wave length of
270-800 nm

Rys.18. Zmiana wspoltrzednej chromatycznej (Ab) drewna orzecha uszlachetnionego lakie-
rem EM bez udzialu oraz 7 roznym procentowym udzialem bieli cynkowych Nano 20, Nano
40 oraz Nano 60, po 45 h naswietlania Swiatlem o dlugosci fal 270-800 nm

As a result of exposure to light the surface of walnut finished with various
systems of lacquer coatings became lighter (AL), more yellow (+ Ab), and less
red (+ Aa). The changes of chromatic coordinate “a” were very small (below
unity), which was the reason for eliminating them from further analysis of test
results. None of the lacquer systems reduced changes of the lightness coordinate,
whereas the value of Ab decreased as the percentage share of zinc white in
lacquer increased.
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Conclusions

On the basis of conducted research it may be stated that:

1. The change of birch wood colour is caused mainly by ultra-violet light
(UV), whereas the change of walnut wood colour is caused by UV light
and visible light (VIS).

2. Modification of wood, consisting in introduction of zinc oxide nanoparti-
cles into the structure of wood, may constitute an initial process of pro-
tection of wood against the effect of irradiation.

3. An appropriately selected share of zinc white in lacquer allows obtaining
of stable in time protection of wood colour from the effect of irradiation.
In the case of birch wood such system is constituted by acrylic lacquer
EM with a 4% share of zinc white whose particles’ size is 20 nm.

4. None of the applied lacquer systems, differing by the particle size and
share of zinc whites, protected walnut wood from the effect of exposure
to light. Such situation was caused by the lack of effective protection
of wood components responsible for changes of the lightness coordinate
AL.
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Opis techniczny lakieru EM
Opis techniczny bieli cynkowych t

OCHRONA BARWY DREWNA BRZOZY 1 ORZECHA
PRZED DZIALANIEM SWIATLA ZA POMOCA
MIKROTONIZOWANEJ BIELI CYNKOWEJ

Streszczenie

W celu wyeksponowania walorow estetycznych oraz uzytkowych, drewno poddaje sig
uszlachetnianiu na przyklad za pomoca lakierow transparentnych. Proces ten jednakze nie
zabezpiecza przed fotochemicznymi reakcjami skladnikéw drewna. Wsrdd zastosowan
nanomaterialdow z zakresu poprawy odporno$ci na dziatanie warunkow atmosferycznych,
w tym réwniez $wiatta, wymieniane sa zwiazki nieorganiczne, obejmujace migdzy innymi
takie zwiazki jak tlenki cynku, tytanu, ceru oraz zelaza.

Celem badan byto okreslenie wptywu nanoczastek bieli cynkowej na poprawg trwalosci
barwy okleiny brzozowej oraz orzechowej eksponowanych na dzialanie Swiatla. Zakres
badan obejmowat ustalenie wplywu nasycania drewna wodng dyspersja tlenku cynku (ZnO)
oraz zabezpieczania drewna za pomoca lakieru wodorozcienczalnego z dodatkiem tlenku
cynku na zmiang barwy pod wplywem $wiatta. W pracy zastosowano handlowe preparaty
bieli cynkowych w postaci wodnych dyspersji, charakteryzujacych rozna wielko$cia czastek
(20 nm, 40 nm oraz 60 nm). Badania prowadzono metoda przyspieszonych testow starzenio-
wych, polegajacych na naswietlaniu powierzchni drewna $wiattem lampy ksenonowej o
dhugosci fal 270-800 nm, imitujacej Swiatto stoneczne w warunkach zewngtrznych.

Na postawie przeprowadzonych badan stwierdzono, ze zmiana barwy nieuszlachetnione;j
okleiny brzozowej w gldwnej mierze determinowana jest dziataniem $wiatla ultrafioletowe-
g0, natomiast na zmiang barwy drewna orzecha wpltywa zardwno $wiatlo ultrafioletowe
(UV), jak rowniez $wiatto widzialne (VIS). Najlepszy efekt ochrony barwy drewna brzozy
przed dzialaniem $wiatla uzyskano dla uktadéw lakierowych z 4% udzialem bieli cynkowych
(Nano 20, Nano 40, Nano 60), w ktorych w calym czasie naswietlania (45h) zmiana barwy
nie przekroczyta wartosci AE < 1,7 £ 0,3. Byly to uklady odcinajace promieniowanie UV
w zakresie fal 270-380 nm. Powtoki lakierowe z 2% oraz 6% udziatem bieli cynkowych nie
zabezpieczyly barwy brzozy przed dzialaniem $wiatla.
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W przypadku drewna orzecha, zaden z zastosowanych uktadéw: drewno-lakier-absorber
nie zabezpieczyl barwy drewna w zamierzonym stopniu. W miar¢ wzrostu procentowego
udziahu bieli cynkowej stwierdzono istotne ograniczenie zmiany wspotrzednej chromatyczne;j
,»b”. Nieznaczna poprawa zmiany warto$ci wspotrzednej AL wskazuje, ze w celu poprawy
odpornosci drewna orzecha na dzialanie $wiatta, nalezy rozwazy¢ zastosowanie innych
zwiazkoéw absorbujacych promieniowanie UV-VIS.

Stowa kluczowe: drewno, nanoczastki tlenku cynku (ZnO), zmiana barwy, odporno$¢ na
swiatto








