CHAPTER 2 -'

THEORETICAL CONSIDERATIONS AND LITERATURE REVIEW

Colour fastness is meant the resistance cof the colour of textiles to the different
agents to which these materials may be exposed dqring manufacture and their

subsequent use (3). To investigate eptibility of the formulae relevant to visual

follows (4).

ident on the product belng -

hat is absolutely uniform.
- Thelights ‘_.._:;;- ViSE Sment must as closely as possible

with the standard Hiamina nt used for the instrumental assessment.
- s

e

- The 8 at does not correspond with

Y]

i
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2.1.1  Munsell System

In 1905, artist Albert H. Munsell originated a colour ordering system. The Munsell
system which is based on human perception assigns numerical values to the three
properties of colour: hue, value and chroma, as shown in Figure 2-1 (5). Adjacent colour

samples represent equal intervals of visual perception.
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Figure 2-1 Munsell colour space



2.1.1.1 Mur]sell Hue

Hue is that quality of colour described by the words red, yellow, green, blue and
so on. The spacing of the hue around the grey scale represent the uniform difference of
perceived hue between neighboring hue pages. There are five principal hues, Red,
Yellow, Green, Blue and Purple, and they are designated 5R, 5Y, 5G, 5B and 5P,
ated 5YR, 5GY, 5GB, 5PB and 5RP. Finer

divisions between way two m aics are represented by decimals, as
shown in Figure 2-2 (5). Theré'a & i in the hue circle. Each of the

. yntains totally 100 hues.
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Figure 2-2 Munsell hue spacing (circumferentially) and chroma (radially)



2.1.1.2 Munsell Value

Munsell value, representing the lightness scale, is arranged in the vertical
direction or the backbone of the Munsell system. Value is that quality by which a colour
can be classified as equivalent in lightness to some member of the series of qrey

samples ranging from white to black. It is denoted 10/ when white and 0/ when black.

 @ifference between a colour
and a grey of the same v i v . \" the samples from value axis
are intended to represent tni o fe -: § s “in \~ sived chroma and are given
numbers. Typically, number s&renres k colour, and number 10 or more
stands for strong colour. The scalé-c o ease in step of 2 from /0, /2, /4, so on

until it reaches /10, /12 /14 -1,
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2.1.2.1 Rectangular Coordin

The method of expressmg s-colourdifference in rectangular coordinates, L*,
a* and b*, uses the basic ¢ 5t of the opp s of vision as shown in Figure
24 (6). 7 Y]
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Figure 2-4 Resolutio ity nce ‘ AE and Ab* in the CIELAB
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In the same way,‘-t‘mI projections 0&9 the other components, a* and b*,
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Ab*, the yellow-blue colour difference.
The sign of the difference indicates the direction of the variation:

Aa* positive means more red,

Aa* negative means more green,



= A positive means more yellow,

Ab* negative means more blue.
The L* a* b* method of expressing colour differences is very practical and is
frequently used by companies.

2.1.2.2 Cylindrical Coordinates

The L* C* h values o_f',

/ A ,
'&rdinates in the CIELAB space
-—

are used to express colo orceive them visually. They

enable us tc separate t ue gliffe /r : 1ess difference (AL*) and
the saturation difference™(2 /AE*) as shown in Figure

2-5 (6).
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Figure 2-5 Resolution of the chromaticity difference into AcC and AH in the CIELAB

system
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The total colour difference (AE") is broken down into its main components.

- The lightness diffcrence (AL*). whose value and interpretation is the
same as in the L* a* b* system, |
- The chroma difference (AC*), which represents the difference of the -

distances between each colour point and the lightness axis.

The hue angle difference, (4 v
between the directions of the'vec _ m hues to be compared. This

value transformed into a di ce in order to be homogeneous with the other
difference terms, becomes 13 i sren :I\r , forming part of the total
coiour difference, AE*.

Composition of the AL*, Ac* and AH*, brings

3l evaluation in the natural

the expression of colodf « 55 “down to

classification of colours. This J":"" s ;.' stical and is the method used most

- frequently.

21.3 CMC Confor 7‘1,._

In pnnﬁ;le the #method begin wuth‘je basic formula for calculating colour

H&&H U} SRS Y BEDEUG oo ve woion e

lightness, chroma and hue differenges with correctlve terms, Wthh themselves are
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The corrective terms (S,—S¢-Sy), have been evaluated empirically, and are give

differences in

by formulae which allow them to be calculated in advance. In addition, two extra factors
| and ¢, can modify the results according to the particular nature of the problem set,

especially the acceptability of a difference.
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The | and ¢ parameters, which can be adjusted by the user, can both be taken
as equal to 1, and this is the most frequent case when judging the perceptibility of
colour differences. It is possible to change and increase | and ¢ to judge acceptability

(e.g. in the textile industry, | = 2 and ¢ = 1).

The lightness difference (AL*) is modified only by the lightness. It is smaller for

values of chroma (less than€ inally t! eﬁs (AH*) are modified by the

hue angle and by the chroma ) in particular that for the oranges, the hue

(referring to hue); and viE and dt er's |g[mess). Figure 2-6 show the
loci of constant dyer’s brlgglnes (solid lines) on a plot of lightness against chroma of the

corresponding ﬂ upg}q FH(EJ ﬁtﬁ !WsEj«Ga ﬂwﬁjatucany the loci of

constant strengtm When dyes are absorbed by a textile matenal the colour
sumultana wﬂWﬂﬁ m wqhﬂanﬂ EI ﬂTﬂ substrate.
Subsequefitly the chroma reaches its maximum and starts to decreas Ca:mg such a
dyer's colour system, it is easy to evaluate the dye absorption in terms of colour depth
increase only, without change in dyer’s brightness (cf. Simultaneous change in lightness

and chroma in colour spaces such as Munsell and CIELAB).
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2.2  Simple Linear Egressno

| Regress% Mﬂ (ﬁ igg ﬂlnﬁ::wqﬂ fz] rﬂu@g and investigation

the relationsni between two or moref variables. Inggeneral, supposesthat there is a

snge dBfeidtor 59 brheapobd il robieh ¥ kb @b rearesion

variables, X,, X,,.....X, The response variable y is so called a random variable, while the
regression variables X,, X,,.....X, are measured with negligible error. The regression
model is fitted to a set of data. In some instances, the experimenter will know the exact
form of the true functional relationship between y and x,, X,, ...., X, However, in most

cases, the true functional relationship is unknown, the appropriate function to



13

approximate the true function is carefully created. The simple model is the linear
,regression model, which is shown in Equation 2.1.
[

Y = BotBx Equation 2.1

Where, B, = theintercept

B, =theslop

2.3  Correlation Coeffici

The correlation co ich is denc PRY.D. Is a dimensionless quantity

that measures the linear assee€iati /o/ ee ' nables. The estimator of p

is the sample correlation cogifiCig / whichis'shown'in Equation 2.2.

r=250%-
i=l

Equation 2.2
i :!"f e
The sample correlation coef

and x, while B, measuse th dicted Q 5 for a unit change in x.

The meaning of 1 is folloWANG Y )

]

- The valugrofL will be on the intepval [-1, +1].

ﬂuw%mwmm

- the values of r are‘mmus the values of x are mcrease while the
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values of y are increase.

ures the linear association between y

- Conversely, if the values of r are plus, the values of x are increase, the
values of y are increase and when the values of x are decrease, the

values of y are also decrease.

- If the values of r near 1, x and y have high correlation in same

direction.
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- If the values of r near —1, x and y have high correlation but opposite
cirection.

- If the values of r near 0, the correlation between x and y are low.

2.4  Formulae for Assessing Colour Fastness

2.4.1 Formulae for Assessing Change in Colour

~ 2.4.1.1 CIELAB Colour Difference.F

CIELAB colour ded in 1976 by the CIE

(Commission Internati ! AN S utr sult of a mathematical
transformation of the ClI ' ale for assessing change

in colour), nine grades I tep fastness values) are

specified in terms of CIE in Equation 2.3.

Ag* Equation 2.3
L* o 3‘ HANRTROC
y_

a* = -|| [ e

| | |
! A¥

= yellow-blue colour componen

ﬂuﬂ’J‘i’IH"ﬂiwmﬂ‘i

The gradéliwas obtained usmg a linear mterpolatlon method between the AE

“”dg“"ﬁ”’ﬁgm\ﬂaf’f‘im UNIINAY
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Table 2-1 CIELAB AE values and colour fastness grades for the ISO 1C5-A02 grey

scale for assessing change in colour

AE* Grade

AE* < 0.40 5

040 =< A < 125 | 4-5

125 < A 4

210 < AE* 3-4
295 < Ap 3

444444 410 < A€~ 2-3
580 < A€ 2

820 <  Ar 1-2
11.60 < 1

2.4.1.2 CMC (l:c) Formula A

The industries in elused a great deal, either

to evaluate -V_i%w”i ,,',3"! the textile industry in
.

Il .
ave reached the conclusion

itionally use the

particular), and whicn tr. AB space,

that the CIELAB differenced sémetime lead to férs.

1UEINBNINEINT

In Great ﬂritain, ‘where resedch hasr gongson continuously ysince 1970, a
oo B GBI M AABIABEAEY B s oo
tested by ?ens of thousands of visual judgements and has finally been standardized by

the British Standards Institute.

This method, which was proposed by Technical Committee (TC)38

Subcommittee 1(SC1) of ISO, is now called CMC (Color Measurement Committee of the

Society of Dyers and Colorists). The formula is given in Equation 2.4(11).
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BB, = [(AL/18)P+AC/cS P+(AH/s, )" Equation 2.4
where | = 1or2
c = 1
3 = 0.040975L*/(1+0.01765L_*) if L,*>16
or 8 = 0.511 if L,*<16 |
S 0.0638C,/(1- 1€.%)+0.638
s, SL(THD
where f
T if h,>345° or h_<164°
or T W if 164°<h <345°
where  L*,
e
ho
AR
Where p
or p
and g 'ST-_"'"‘”" i
or q =
where m

ﬂummmwmm

As for theiCIELAB formula, the colour fastness grade is then Imearly interpolated

QR RATIRIHATTAL A
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Table 2-2 AEm values and colour fastness grades

AEg,,. Grade
AE ... = 0.20 | 5
020 < Agg,. < 1.26 4-5
126 < AE,. < 215 / 4
215 < Abg < 34
305 < A€, g
420 < AEye 2-3
595 < AE(;MC_ 2
840 =< AFg. 12
11.85 <
2.4.1.3 I1SO Formula
As for the CC l: 1 ormuia.was modified from the
CIELAB colour dvffer , ents. It was proposed

by Technical Commltte < 0. The formula is given in

>
| 1
i i¥ |

Equation 2.5 (12).

ﬂ B? ‘

= [(ALY'+A ) +(AH)]

ammm I Ny

U

INEINT

1

Equation 2.5

where 000)']
Ac. = Ac/[1+(20C,/1000)°]
AH, = AH-D
Ac, = AC:D
D = [AC* C, exp(-X))/100
Cy = (O3
X = [(h,-280)/30F° if |h,-280]|<180
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X = [(360-|h,,-280|)/30T if |,,-280|>180
Py = (h+hy)/2 if |n-h,|<180
hy = (h+h)/2+180  if |nch,[>180 and |h, +h |<360
hy = (h+h)2-180  if|h-h,[>180and |+ h, 360
Bl =P
Aor =g /
L*, C*. h, oo i ss, chroma/anc ue of treated specimen
o ; lightness, -l e of untreated specimen
As for the two prewietis for ' e, the colourfastness grade is calculated via

interpolation between thg

shown in Table 2-3.

1ess grades

Grade

5
') 45
f

040 <

4

125 < AE, 'J . |
Ziiﬂﬁﬂqﬁﬁ SWeny
;:;‘if»amimiﬁiwﬁwmﬁ g

820 < EE < 1160
AE, < 11.60 1
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2.4.1.4 N_* Formula

Teraji and co-workers developed a dyer's colour system based on hue, colour
depth and dyer's brightness scales, which was originated by Godlove and Judd (7).
Three attributes: hue, colour depth and dyer's brigntness derived from munsell

coordinated. Nc" formula is capable of directly calculating the fastness grade without an

Equation 2.6

d

! colour depth

ﬁuﬂﬁmﬂwﬁwﬂﬂﬂh
Q mﬁ Nl ﬁU"iJ 12398 lﬁﬂ

l H H5p I
B* :dyer's brightness

AE*™ : total colour difference
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2.4.1.5 F; Formula

F¢ formula is based on dyer’s colour system as for the Nc“ formula but the three
attributes: hue, colour depth and dyer’s brightness derived from CIELAB coordinates.'Fc

formula is capable of directly predicting the grade of the colour fastness. The formula is

given in Equation 2.7 (1).

Equation 2.7

,C'{1-cos(An)n"

where,L*
C
Cl

- p &l

! 'dyer's brightness

Aﬁuﬁﬂﬂﬂﬁmﬂﬁmﬁ
aﬁﬁaaﬁfﬁiﬁﬁmﬁﬁ Ay

metric hue angle difference between treated

Anh,, i metric hue angle difference from h = 290
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2.4.2 Formulae for Assessing Staining
' / 2.4.2.1 CIELAB Colour Difference Formula

The CIELAB formula is test as both change in colour and staining formula in this

study. In the ISO 105: A03 (grey scale for assessing staining), nine grades (from 1to 5

together with the half step fastness) are specified in terms of CIELAB AE values as

iy Illﬁ' :\\\ N o
o< pms AT NENg
ARANIUANTINENA Y

24272 SS?R (UK) Formula

The SSR(UK) formula was developed by the members in the CMC, UK. This

formula is given as Equation 2.8 (2).

SSR(UK) = 7.05 - 1.43 In(AE*+4.4) Equation 2.8
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The grade is obtained using the conversion table between the AEbSR(UK) and

grade values in Table 2-5 (14).

Table 2-5 AESSR(UK, values and colour fastness grades

A€, Grade

AE, 5
475 > 4-5
425 > 4
3.75 > 34
325 > 3
275 = 2-3
225 > 2
1.75 > 1-2

29.05 > 1

2423 SSR (ISO)

This formula as proposed by the German natrnal committee and has been

adopted as t Emn in Equations 2.5 and
2.10 (14). '@ysaformmcons(llof WO equa jons for grade values greater and
less m the lightness
differﬂe to' th ’jﬁing qunﬂ:lj aude is obtained

using the conversion table between the AESSR(,SO) and grade values in Table 2-5.
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61 -1.45 In(AE,) Equation 2.9

rating 1-4: SSR -
raing>4:  SSR = 5-0.23 AE Equation 2.10
where: AE.s = AE*-04[(AE*- AL

2424 NgFormula -

Teraji and co-workeis velope s iormuia.based on their colour depth and
lating the fastness gradie

without an additional intespo cedire. Th nulais.given in Equation 2.11 (2).
Equation 2.11

where D* x (5+/AH )X 0°

2:4.2.5 Fg Formula | 5
\v;- i)

ry
|

This formula is- |mllar tc the F. formula for assmg change in colour. Fg

fgo“r/r::lz i: :;;; %ﬁ Ejtlﬁ Wﬁﬁ %W EI pi?.q f?ness. This formula is
R4 xmm NBAINYNA .

2.2 +0.0001 (Ah,y,,- 180) By,

where K,

0.62 + 0.00004 Ah,,, B

k)
I
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2.5 Literature Review

It is impossible to avoid the individual difference in the visual evaluation of colour

fastness. Therefore, the colorimetric evaluations have been investigated.

Nakamura et al. (15) led N_ formula based on the ratio of the colour depth value

Adams Nickerson's colo > valle. @s to be difficult that its colour

difference value is appli . f n ired cloths. The formula was

Equaiion 2.13

As far as we e . specimens, The values led by N, coincided

olour depth level than the usual

e —a— &

Nakamura e V c‘a and twenty university

students to compare vmal evaluation w - calculatec@ne (N, ). This N values led
from the grey ﬁle for dssessing change ifiéolour coincided closely with the mean

values of visua Ky utﬂs’fgr I %in ﬁaﬂ)ﬂ&ﬂuﬁ)ut we couldn't avoid

the individual variance of visual evalgiations. The @nly one third ofyvisual evaluations

R TR B TR ATV Ehoiore v

different %etween colour specialists and student, and the latter varied the evaluations by
the instruction of grey scale. Therefore it is impossible that the visual evaluations give
the correct value. It seems reasonable that N, can be used as the calculated evaluations

of colour fastness in the discussion of hue and colour change.

Nakamura et al. (17) introduced the diminutive coefficient, as shown in Equation

2.14, to diminish the ratio of colour depth (AE* /C,*) in the evaluations by N_ formula.
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€ =p (AE*/C M " Equation 2.14

_As the values of p and h necessary to evaluate € were not cleared, they
intreduced the theoretical colour scale and led next formula experimentally as shown in

Equafion 2.15:

7

h os (360x AH,)  Equation2.15
Where a
The calculated e i ' ‘ evise he € value from formula 2.5

Nakamura et a ;p u- th DEGIME py selecting various colour
samples from ihe colour if€e ifl Munséll Goldur system and tried to verify the N_* values

used in the previous paper/ The resuits st * values differed from the colour
fastness grade obtained with visdal'evz b i pale specimens, but they coincided
closely with the gra ,___,_..;;u;‘..._. ciment : _f., pale areas. In the pale
A

specimens, it seeme -‘-"’ culf r' dependent of the change

of colour depth using™t e grey scale which were classifiet by change of value alone

ki iﬁﬁﬁfﬂmﬁw
Q W AN n:mumg mmsacﬂ s iSgorad)

colour tree was carried out. N values were calculated by the equation used in the
previous paper, however the numerical value of h in this equation was revised to 0.30.
More than 80% of the Nc# values thus calculated were within the allowable range of
visual eveluations with regard to various V/C as well as hue, and consequently it was
found that this NC# value well coincided with the visual evaluations. These visual

evaluations show the mean values of the grade given by judges. There are
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considerable variations in the individual evaluations. For this reason, there is a danger of
a lack pf accuracy when we depend on the visual evaluation alone for the determination
of the grade. On the other hand, NC" value seemed to be well suited for the

determination of the grade of colour fastness for colour shade.

Nakamura et al. (20) compared between Nc" value from the previous report and

CMC (2:1). The results were as follows:
= Compa@ M&ugh the colorimetric system

p colour difference AECMC and

Je, in the case of the same

the difference in the ratio of

as observed.

1 looser in grade determination

23 more pronunced as the colour

diurr|1 to pale. When both methods

did pet differ significantly from

==

- , v viation colour shades, the CMC
(2:1) wis more variable tha‘.\,that by N, for each colour shade, and

ﬂ ’ﬂm Wﬁwﬁﬁw ﬂ!ﬁuﬂfj give looser grade

Uvalues except in ver} dense area
ARAINITUNRIANYIQ Y
Sato et al. (21) studied about the instrumental evaluation method to assess the
change in colour on the CIELAB colour system. In the study, by using the gray scale
and colour scales for assessing change in colour, the authors tried to obtained the
instrumental method for the determination of colour fastness grade in assessment of
change in colour. The empirical formula (F,) to calculate the colour fastness was shown

in Equation 2.7.
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Sato et al. (1) evaluated the performance of colour fastness formulae for change
in colour i.e. CIELAB, CMC (1:1), CMC(2:1), ISO standard, Nc# and F_ using one
particular set of Japanese data. The correlation coefficient and root mean square of the
differences between the grades predicted by the formulae and the mean visual grades
for each samp!e pair were also used to indicate the degree of agreement between

prediction and visual results. The result indicted that the ISO and F. formulae

Sato ct al. (22) our fastness formulae: CMC,

ISO, N , Fe and CIELABY The difference between a
particular formula and ifnaf e an. b ied by the patterns of sizes,
~ shapes and orientation ontglur " he 5 show that the CMC and 1SO
formulae agree betier wif S results other formulae. The F. formula

derived by one of the authg e modified fo' data set in the following areas:

roma direction, i.e. a larger size of

e jrlow chroma.

tightﬂoler :
vaanf ﬁﬂ B HRIAATINEE) Frcoron donn vane

difference AC*‘Lnd colour d:fferer*ce AE Adams Nickerson, l—Uter CIE-L*u*v*)

R 5 YL KAV G B oo

the Ng value led by AC* was closer to the visual evaluation than the AE by colour

-
hould be arranged tc give a
e reaﬁvan the others.

difference. The formula was shown in Equation 2.16.
Ng = 5.5-log(AC*/0.125+1)/log2 Equation 2.16

Ng value coincided closely with the mean value of visual evaluations for

achromatic colour, but the variance in visual evaluations was not avoidable in the same
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way as colour change. Though the only one third of visual evaluations coincided with Ng
value, the others were different from this evaluations. The evaluations were severer for
the chromatic colour than for the achromatic colour, but the mode of distribution

coincided with N value.

Sato et al. (24) used the grey scale and colour scales for assessment of staining,

They tried to obtained the instrumentaln ‘d for the determmatlon of colour fastness

grade in assessment of stal The tain he equation for calculating colour

fastness as shown in Equation-hi0. | /

Sato et al. (2)/ \ Of various staining formulae i.e. CIELAB,
e4 [ C 13 : }

esults.The results indicate
that all formulae perfor ably.w A} muilz performed"n_wergi'hel-ly the

best. In general, all form b han the CIELAB formula.

ﬂﬂﬂ?ﬂﬂ\ﬂiwmﬂ‘i
Qﬂﬂﬂ@ﬂimﬂﬁ’lﬁﬂmﬁﬂ
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