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1. Actuality and objective of the dissertation

The colour is the conscience deriving from the spec of light interacting in the eye. The
colour stimulus is generated by the visible lighthwwavelength between 380 nm and 760
nm. In the human eye, cone cells are the recepfotise colour perception, and have three
types, each with different pigment, namely: S-coridscones and L-cones. Each cone is
therefore sensitive to visible wavelengths of light correspond to short-wavelength,
medium-wavelength and long-wavelength light.

In terms of use, colour is one of the most impdr{#ysical features of wood. Natural wood
colour is between red and yellow, however the aololithe end product may change
continuously, during ageing, depending its finishd ahe exposure. In case of indoor
applications, the colour change is induced by phigigradation and slow thermal
degradation, while for outdoor use the leachingafbf the rain must also be considered.
The change of the wood colour is caused mainlyltsgwiolet radiation.

Energy of the photons in the UV region is high egioto free electrons in chemical bonds,
thus the structure degrades. Wood in outdoor udagies a lot of impacts, from these impacts
the sun radiation is the most intensive. Besidestme radiation, moisture has an important
role in surface degradation. Degraded wood paet¢e@ched out by rain ensuring the path for
the degradation of further layers. The colouringnpounds of the wood surface are
completely washed out during a one-year outdoogeisand the surface becomes grey.
During indoor ageing the wood surface turns to gartt brown. The indoor colour change is
the most conspicuous in case of light coloured veoaapplications, primarily for pine wood
products.

Due to the customer demands the end users mustftwened about the changes of the
products during its life cycle. Colour change o tarniture is one of these possible changes.
Therefore it is important to research and clartig time dependence of colour change of
indoor wooden applications.

Colour change of wood can be described by objecleur measurement. For this purpose,
colorimeter devices can be used. Although the denfar objective colour measurement is
increasing in the industry, these devices are usastly in laboratory researches.

The basic criterion of colorimetry is to elaborateolour stimulus area in which every colour
is demonstrated by a single point. For this metldELAB colour stimulus area is used
developed by the CIE. In this system the colous doé described by the L*, a*and b* colour
coordinates.

The subject of my dissertation, as stated abovwhgeig€olour change of the 15 most important
wood species in the Hungarian furniture industnyseal by photo- and thermal degradation.
Based on the result of these investigations, tfexedf light radiation and temperature on the
studied wood species can be exactly described, tieixolour change of the given wood
species due to a given light irradiation at a gitemperature can be forecasted as time
elapses. In this way, the colour change of thestigated wood species can be projected.
Investigation of the changes on outdoor wood sedaexposed to sunlight is, however,
obstructed by several circumstances. The interdditthe sun radiation changes not only



during the day, but it depends also on the indlimaéngle of the sunbeams altering with the
change of seasons. Furthermore, the calculatidgheofeal sunshine duration gets completely
impossible due to the unexpected cloudy periode fBn may leach out the water-soluble
compounds. Air humidity also affects the colour rid but it may change continuously
during the day. Considering all these unpredictaieumstances, photo degradation of the
wood is usually examined using artificial light soes. Therefore, also in frame of this
doctoral research an artificial light source wagdisFor comparison, colour change of
samples placed behind window and irradiated toighinas also studied.

2. Applied materials and research methods

In this doctoral work, 15 most important wood spscused in furniture industry were
involved . Pine wood species: scotch pine (PinugeSyris L.), spruce (Picea abies Mill.) and
red pine (Larix decidua L.), frondous wood specldack locust tree (Robinia pseudoacacia
L.), wild cherry (Prunus avium L.), black cherryPfunus serotina Ehrh.), walnut (Juglans
regia L.), alder (Alnus glutinosa L.), linden, (@lcordata Mill.), sycamore maple (Acer
pseudoplatanus L.), european ash (Fraxinus excelgiopannonia poplar (P.x euramericana
Pannonia), silver birch (Betula pendula Roth) amdsde oak (Quercus petraea) were
examined.

The surfaces of the pine wood species contain hghh early wood and dark late wood,
therefore radial sections were measured. Steamedhbsamples were also examined
(steaming temperature: 95°C, steaming time: 24 h).

Four different tests were performed: 800 W merawageour lamp irradiation at 30 and 80°C,
thermal treatment at 80°C in dense darkness, amgahaunlight irradiation behind window.
Light irradiation tests were performed in a climaktamber with adjustable temperature using
two mercury-vapour lamps as light source. The jpmwer of the two lamps was 800 W and
the distance between the samples and the lightesuvas 64 cm. 80% of the emission of the
mercury vapour lamp was in the ultraviolet (UV)iceg 31% of the emitted UV light was in
UV-A (380-315 nm) region, while 24 % of that wasUiv-B (315-280 nm) and 25 % in UV-
C (<280 nm) region. The temperature within the dhanwas stabilized at 30°C and at 80 C°.
20 samples were irradiated for each species.

Colour changes were monitored with a Konica-Mind&00d spectrophotometer equipped
with a D65 illuminant and a 10° standard obser¥é&e sensor head was 8 mm in diameter.
White etalon was used for calibration.

The colour was measured with interruptions afte8,®0, 40, 90 and 200 hours of treatment
for all treatments. The surface colour was measored0O points on each sample, thus the
results are the average of 200 measurements. Dere than recorded in the CIE L*a*b*
system.



3. Summary of the research results

The colour change caused by 80 C° mercury vapaup leadiation and natural sun light
radiation behind window were studied, and the tffects compared. Depending on the
changes, the examined wood species can be cldssifee three distinct groups. Pine woods
and ash belong to group 1, black locust, lindederalwalnut and cherry wood belong to
group 2, while steamed beech, maple, poplar, banl,oak wood belong to the third group.
The research proved the followings:

On a long term, wood species in the second group tiee most stable colour against
photo degradation although these species showedtst intensive changes at the
beginning of the treatments. The colour of thisugrahanged intensively in the first 8
hours, but the modified colour was proved to bélstaeven in case of the strong UV
emitter mercury vapour lamp.

The birch showed the smallest colour change.

Pine and ash has the most unstable colour. Thesd sjpecies showed continuous
colour change during the studied period.

The complete colour change (E*) could not give ataited information about the

colour change as the detailed analysis of singleuc@oordinates.

Results also show that the colour change is a a@mplocess. Light radiation

degrades the chromophore chemical groups in woad,ab the same time new

chromophore groups arises due to the oxidation lwfalows the degradation of the

extractives. The scale of the two changes varigem#ing on the species, however it
significantly depends on the distribution of thghli radiation wavelength.

In case of sunlight, during the first 8 hours oé tineatment, for most of the wood
species the degradation of the existing chromopboraps was more intensive than
the development of the new chromophore groups.

Results confirm former observation that the merowapour lamp is not suitable to

imitate short-time sunlight radiation.

During the research the colour change caused bgumewrapour lamp radiation at 30 and
80°C with the results of the treatment in densémkzss at 80°C temperature was compared
and the followings were found:

Temperature has a strong effect on wood photodaticed

The same light irradiation caused much higher @dur coordinate growth at 80°C
than at 30 C°.

Pine wood samples suffered 57 % higher red colbange at 80°C than at 30 C°.
Wood species with less extractives showed lessoir change. In accordance with
the literature, it can be stated that the extrastiiave a decisive role on red colour
change.

The yellow colour showed two alterations. Photoddgtion caused yellow colour
increase, while the thermal effect resulted in decrease. The effect of
photodegradation was stronger on yellow colour gkathan that of the thermal
degradation.



Based on the statistical analysis of the measus&lttie followings can be stated:

* In case of the majority of the examined wood spgettie light irradiation increased the
colour inhomogeneity of the samples.

* Black locust and black cherry showed the highesteimse in terms of standard
deviation. In case of these species the deviatidheolightness was the highest with
about 5 units, while the deviation for the otheo twoordinates was about 2 units.

» Slight, but obvious colour homogenization was foonty in case of pine wood.

* For the other studied wood species only a slighittliirradiation induced colour
homogeneity change was observed.

Based on the study of the untreated samples tleviolgs can be stated:
* There is a correlation between the hue angle antightness.
» The colour dots of beech, pine, alder, linden, mapbur cherry, ash, spruce, poplar
and birch fit well on a positive rising line withcarrelation coefficient of 0,91.
Colour dots of heartwood with high extractive conitike oak, walnut, locust, and turkey oak
are far from the line.

4. The thesis'’s of the dissertation

1. The colour change effect of the photodegradasomore intensive in case of coniferous
wood species than in case of deciduous wood spelies difference was observed both in
the first intensive colour change period and ingbbsequent period with moderate changes.
The behaviour of the ash was similar to that ofabmiferous wood species.

2. It was proved that based on the photodegradattuced colour change the conifers can be
divided into two groups. Species in the first grqéeacia, late cherry, wild cherry, alder,
linden and walnut) suffered intensive colour chaimgthe first period followed by a stagnant
colour change period. In case of the second grbapch, maple, poplar, birch and oak) the
initial period was less intensive than that for finst group, but it was followed by a gentle
colour change.

This prolonged colour change process was muchifgsasive than that of the coniferous
wood species.

3. Measurements proved that the photodegradatioreases the inhomogeneity of wood
surface colour. The only exception was the pinerasleminor homogenization effect was
observed.

Acacia and American cherry showed the most interts@mogeneity increase.

4. It was found that the colour change effect ofligit behind glass is significantly different
from that of the mercury vapour lamp irradiatiorthe first 20 hours of the treatment. In this
period, the mercury vapour lamp irradiation indu@edintense and unidirectional change.



Contrarily, in case of the sunlight irradiationhb®l glass, mainly a constant colour was
observed with both some decrease and increase.

5. It was demonstrated that the same light irramhatauses significantly higher red colour
increase at 80°C than at 30°C. Pine samples sdffér% higher red colour change at 80°C
than at 30°C. Wood species with the least extraatontent (for example the poplar) suffered
the smallest red colour change. In line with theuls found in the literature, it was proved
that extractives have a decisive role in termseaf colour change. This effect must be
considered if wooden applications are exposedrextsunlight.

6. Measurements verified that there is a linearetation between the lightness and the hue
angle of wood in case of Hungarian untreated wqaties, except those with high extractive
content.

In case of species with high extractive contenthsus oak, beech and walnut, the deflection
from linearity depends on the extractive content.
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