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Correlation Between Hue-angle and Colour Lightness of
Steamed Black Locust Wood
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Abstract — Black locust (Robinia pseudoacacia) wood was steamed at wide range of temperature
(75-130°C) applying long (22 days) steaming time. The colour change was monitored by CIE L*a*b*
and L*h*c* colour co-ordinate systems. A wide range of colours from greenish yellow up to chocolate
brown were created by steaming in function of the steaming time and temperature. In spite of this wide
colour range a good linear correlation was found between the lightness and the colour hue. This
linearity had little distortion only above 100°C at a long steaming time. Accordingly, this linear
correlation gives the possibility to follow the colour change during steaming by measuring only the
lightness.

black locust / steaming / lightness / colour hue

Kivonat — A szinezeti sz6g és a vilagossag kapcsolatéz@jt akadc faanyag esetébenAkac
(Robinia pseudoacacia.) faanyagot §zoltink széles dmérséklet tartomanyban (75-130°C), és
hosszu ideig (22 nap). A szinvaltozast CIE L*a*b* és L*h*c* szinkoordinata rendszerekkel hataroztuk
meg. A dzolési idbtol és fmérsékletdl fliggdéen a sargaszolita csokoladé barnaig a szinek széles
skalajat allitottuk él. A szinek széles skalaja ellenére j6 linearis korrelaciét talaltunk a vilagossag és a
szinezeti sz6g koz6tt. Ez a linearitas csupan 100°C folott, hoézalégi idsknél nem teljestlt. Ez a
lineéris kapcsolat lehétéget ad a dolés sordn bekovetk&zszinvéltozds kovetésére csupan a
vildgossag mérésével.

akac / ghzolés / vilagosséag / szinezeti szog

1 INTRODUCTION

The texture of wood is one of the most marvellous natural colour harmonies (Kucera and
Katuscak 1992). Ranging between yellow and red the colour of wood creates the feeling of
warm (Masuda 2001), that is why wood is often used as decorative material in our milieu. The
reproduction of colour in wood industry is more and more important. Nowadays the colour

determination and selection occur visually in industry, but in research and hopefully in

industry the future is the objective colour measurement. Many articles have been published
using objective colour measurement technique in last years (Németh — Faix 1988, Bekhta —
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Niemz 2003, Hapla — Militz 2004, Mitsui et al 20004, Mitsui 2004). Mostly the CIE
L*a*b* colour co-ordinate system is applied basead D65 light source. The colour co-
ordinates are calculated from the reflexion datatteg surface. This calculation is a
complicated mathematical process (Németh 1984)fdsutomputer supported colorimeters
this is more simple. Correlation could be estalklisbhetween the co-ordinates which simplify
the industrial colour measurement. It would not rexessary to calculate all tree co-
ordinatees. Németh (1982) found that light woodelowr is always accompanied with close
to yellow hue and dark colour usually has reddisé. h

In this study the correlation between colour hue #ghtness was examined during
steaming of black locust. A special attention wasdpto determine the influence of
temperature and steaming time because of the Rgipdrature sensitivity of the colour
change of black locust (Tolvaj et al 2004). On Hasis of the results an easy method is
proposed to monitor the colour change caused layrstey.

2 MATERIAL AND METHODS

For laboratory steaming black locudRabinia pseudoacacia.l wood specimens were
investigated. Specimens were prepared with the &iz200x60x20 (mm) and only those
without any wood defects were used for the tedhe ffeatment was carried out in a steam
chest at 100% relative humidity with temperaturkiea of 75-138C. Wood specimens were
placed in a large pot with distilled water for cdmhing the air to maintain maximum
relative humidity between 75-16G. The pot was heated in a drying chamber to thieated
temperatures. The steaming process started wiik hosirs heating. The temperature was
regulated automatically around the set values witiolerance oft 0.5°C. Specimens were
removed after 1; 2; 4; 6; 9; 12; 15; 18 and 22 dayse temperatures above 100°C were
generated in an autoclave because of the highyreesSpecimens were removed from here
after 0.5; 1; 2; 3; 4; 5 and 6 days of steamingvbet 105-115°C and after 0.25; 0.5; 1; 2; 3;
and 6 days of steaming at 120°C and at 130°C.

Before colour measurements, the steamed wood spesivmere conditioned for one month
at room temperature. The specimens were then ¢ttansharp circular saw through the centre
parallel to the longer side and the newly prepawgtaces were used for colour measurements.
For the colour measurements a MINOLTA 2002 colorangvas used. The reflection spectrum
was measured in the 400-700 nm regions. From tthatse the L*, h*, c* colour co-ordinates
were calculated based on the D65 light source. &h specimen, colour measurements were
taken at 10 randomly chosen spots and the reseftswsed for further analyses.

3 RESULTS AND DISCUSSION

The colour hue of wood is between 0° and 90°, wi@éreepresents the red colour and 90°
represents the yellow colour. The full intensityhga of lightness is 0-100 units, where 0
represents the total dark followed by grey up tmghir white (100 units). Németh (1982)
found linear relationship between lightness andwohue examining the colour co-ordinates
of different wood species. Tolvaj (1994) demonsidaihe same relation within one sample if
the colour change was created by steaming at 99°€ase of black locust, poplar, spruce,
Scots pine and larch, the only difference amonggezies consist of the slope of the line.
Based on these results the temperature and steaimmegdependence of the above
mentioned linear relationship was investigatedhi& tase of black locust. A wide range of
colours from greenish yellow up to chocolate bromere created by steaming varying the
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steaming time and temperature (Tolvaj et al 2004 correlation between lightness and
colour hue the results are presented in Fig. 12aMidhere the linearity is well demonstrated.
The linear regression equations and the coeffi@ftdetermination are listed in Table 1.
(The curved end parts in Fig. 2 were ignored.) tbefficients of determination shows high
correlation between the hue and the lightnesd teaks. The dots representing the nonsteamed
samples are located in the top-right corner folldwsg the colour dots of the steamed samples
towards left with growing steaming time listed iMdterials and methods”. In Fig. 1 the
colour parameters are presented for specimensstadming temperatures below 100°C. The
initial colour of black locust is one of the mostilpw wooden colour, represented here by the
1.4 - 1.5 units of hue. With increasing temperatute change towards red (decreasing hue
values) is greater. At 75°C the decrease stop2airiits, but at 95°C it goes down to 1 unit
for the longest treatment time. In Fig. 2 the colparameters are presented for specimens
with steaming temperatures above 100°C. The lityehetween lightness and colour hue is
accentuated at short steaming times. Only exceptiom the end parts of the lines. The curves
have minimum values close to 0.96 of hue indepethden the steaming temperature, but
they are obtained at different time values. Witking temperature this time values are
decreasing rapidly, for example at 100°C this tirakie is 18 days but at 130°C this drops to
1 day. The chemical background of this phenomemaus further investigations.

Table 1. The linear regression equations and treffaments of determination (R2)

Temperature (°C) Fitted linear function ’R
75 y = 0.0143x + 0.4818 0.983
80 y=0,014x +0.47 0.997
85 y =0,0161x + 0,319 0.9954
90 y =0,0154x + 0,3726 0.9853
95 y =0,0146x + 0,400 0.9968

100 y = 0.0153x + 0.3708 0.9915
105 y =0.0144x + 0.3889 0.9986
110 y =0.013x + 0.4607 0.9938
115 y =0.0148x + 0.3999 0.9955
120 y =0.0158x + 0.3321 0.9998
130 y = 0.0165x + 0.2856 0.998

The above discussed linear correlation gives thesipdity to follow the colour change
during steaming by measuring only the lightnesss Tasult represents the main impact of
this study. Because the lightness depends onlp@rY tcolour component it can be measured
by a proper colour filter too, avoiding the useanf expensive colorimeter. This possibility
permits a fast and easy colour monitoring at stegnBut a special attention has to be paid
for high steaming temperatures and long treatniergst where the linearity is distorted.

4 CONCLUSIONS

A wide range of colours for black locust wood, frgmeenish yellow up to chocolate brown
can be created by steaming using different steartimg and temperature. In spite of this
wide colour range a linear correlation was fountivMeen the lightness and the colour hue.
This linearity had little distortion only above 1@ and just in the case of long steaming
time. The linear correlation makes possible to mrthe colour change during steaming by
measuring only the lightness, which does not negérsive colorimeter, only using a colour
filter and a detector are sufficient.
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Figure 1. Correlation between lightness and hustedmed black locust (temp. below 100°C).
Colour dots of nonsteamed wood are in the righheor
followed by the dots of steamed wood with increaime
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Figure 2. Correlation between lightness and husteamed black locust (temp. above 100°C).
Colour dots of nonsteamed wood are in the righheor
followed by the dots of steamed wood with incregsime
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