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Appendixx 6-4. Colour measurements 

A6-4.11 Instrumentation 

Thee UltraScan XE (Hunter Associates Laboratory, Inc.) is a diffuse/80 spectrophotometer 
thatt can be used in both transmittance and reflectance mode. The geometry permits a 
diffusee illumination, with 8° viewing using a 6 inches integrating sphere coated with 
Spectraflect®.. Illumination is provided by a xenon flash lamp, double beam optics, and 
thee detection is carried out with a 40 element diode array, which provides 10 nm 
wavelengthh intervals measurements with a wavelength accuracy of 0.75 nm. 

Thee colour measurements in all the experiments reported were done in diffuse reflectance 
withh the specular component included (RSIN) with the illuminant D65, 10° standard 
observer,, using the 25mm diameter measuring area. 

A6-4.22 CIE L*a*b* trichromatic system 

Thee L*a*b*  colour-space system emerged in 1976 following a recommendation by the 
Commissionn Internationale de 1'Eclairage (CIE) [1]. 

AA colour space is a method that allows expressing the colour of an object or of a light 
sourcee in a numerical manner. The L*a*b*  colour-space system was designed in order to 
representt colour differences much as the human eye would see them, and more uniformly 
thann the CIE tristimulus XYZ scale that prevailed earlier. The CIE L*a*b*  diagram is 
sometimess called the "Psychometric Colour Diagram" (Figure A6-4. 1). 

Figuree A6-4.1. L*a*b* colour-space system. 

L**  is the psychometric lightness and is represented on the central vertical axis from 0 
(black)) to 100 (white). On the colour axes (a*, b*) the values run from positive to 
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negative.. The a*  axis covers from red (+a*) to green (-a*). The b*  axis ranges from 
yelloww (+b*) to blue (-b*). On both axes, zero is neutral gray. 

Forr the 10° standard observer and illuminant D65, the values of L* , a*  and b*  are 
calculatedd with the following relationships: 

Wheree X, Y and Z are the CIE tristimulus values of the sample, and Xn, Yn, Zn the 
tristimuluss values of the standard illuminant. 

Thee Total Difference AE* is defined by the following equation: 

AE*AE* = 7(AZ, *f + (Aa *f + {\b *f 

Where, , 

A T **  = T *  , _ T *  - , ., a l jj  Lj sample *-> standard 

A aa — a sample — 3 standard 

ADD — D sample ~~ O standard 

A6-4.33 CIE L*C*h scale 

CIEE L*C* h is a polar representation of the CIE L*a*b*rectangular coordinate scale. It 
usess CIE L*a*b*  to calculate the metric chroma (C*) and hue angle (h) for the 10° 
standardd observer and illuminant D65 as follows: 

C*C* = yla*2+b*2 

AA = arctan — 
a* a* 

AC**  is the chromaticity difference in the (a*, b*) plane and is defined as: 

AL -- — L. sample — C standard 

AH**  is the Hue Difference (CIE 1976), i.e. the difference between the hue angle of the 
standardd and the hue angle of the sample in a polar coordinate system and is defined as: 
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Colourr measurements 

AH*AH* = V(A£*f -(AL*f-(AC*f 

iff  hsampie > hgtandaid then AH* >0, and 

i ff hsample < hstandard t h e n A H * < 0 

A6-4.44 Other colorimetric parameters measured 

A6-4.4.1A6-4.4.1 ISO brightness R457 

Thee ISO brightness R457 is the diffuse reflectance factor at 457nm. The brightness is the 
amountt of light reflected by the sample expressed as a percentage. It is measured over the 
rangee of 400 to 510 nm in accordance to TAPPI standard T 452 [2]. 

A6-4.4.2A6-4.4.2 Yl E313-96 and WI E313-96 (ASTM) 

YII  E313-96 and WI E313-96 are the yellowness and whiteness indices as measured 
accordingg to the ASTM method E313-96 respectively [3]. 

Yellowness,, whose definition is given in the equation below, is associated visually to 
generall  product degradation by light, chemical exposure and processing. 

YIE3\3-96=(YIE3\3-96=(CxCx X~CzZ) 
Y Y 

Wheree Cx and Cz are coefficients that depend on the illuminant and the observer. For the 

illuminantt D65 and 10° observer, Cx = 1.3013 and Cz = 1.1498 

Whitenesss is associated with a region or volume in colour space in which objects are 
recognisedd as white. Degree of whiteness is measured by the degree of departure of the 
objectt from a perfect white. The whiteness index as defined by CIE is the same as defined 
byy ASTM method E313-96 and is: 

WIWI CIE = WI E313 - 96 = Y + 800 (xn - x)+1700 {yn - y) 

Wheree x and >> are the chromaticity coordinates of the specimen with: 

XX Y 
xx = -, r and v = -. r ; 

(X(X + Y + Z) (X + Y + Z) 
andd xn, yn are the chromaticity coordinates for the CIE standard illuminant and source 
used. . 

Withh illuminant D65 and 10° observer, xn - 0.3138 and.y„  - 0.3310 
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