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    PLOY LEAUNGPHAIROJANA: THE DEVELOPMENT OF NATURAL DYED 

STANDARD FOR LIGHT FASTNESS TEST FOR NATURAL DYED LOCAL WEAVING CLOTH. 

THESIS ADVISER:  ASST.PROF.PAJAERA  PATANATHABUTR,Ph.D. 128 pp. 

 This study aims to develop natural silk standard for light fastness test to substitute imported 

blue wool standard cloths for light fastness test of chemical dye which are costly. In this study, 

different parts of three native Thai local plants used as natural dyes were ; dried leaves Cassia siamea

Lamk., stored fruits of Diospyros mollis Griff. and dried coil of Cocos nucifea Linn. Mordants used 

were Aluminium Sulphate (Al2(SO4)3.18H2O), Copper Sulphate (CuSO4.5H2O) and Ferrous Sulphate 

(FeSO4.7H2O) at the amount of 5-20% by weight of fabrics. The effect of types and amounts of metal 

mordants on light fastness, the effect of different dyeing method on light fastness, the effect of colour-

enhancement agent; D-(+)-Glucose anhydrous and Chitosan on colour shade and light fastness 

properties, light fastness test for natural dyed local weaving cloths and accuracy of testing of the  

natural dyed standard were investigated. It was found that the natural dyed standard for light fastness 

test can be prepared by dried leaves Cassia siamea Lamk. dyed silk with Ferrous Sulphate at the 

amount of 20% by weight of fabrics. It could identify light fastness level of  natural dyed local 

weaving cloths, which have light fastness level of less than or equal to level 4, with more than 90% 

accuracy of testing. 
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 (Light fastness)  1-8 

 1 

 8 

 4-5 

 ISO 105 B01-1994 Colour 

fastness to light : Daylight 

 1-8 [3] 

 8  4 

[4]

[5]
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 “  (OTOP)” 
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(mordants)
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Blue wool standard  Test kit 

 2-4  4-6[7] 

 (Al2(SO4)3.18H2O)  

(CuSO4.5H2O)  (FeSO4.7H2O)  

 80% 

Blue wool standard  Blue wool standard 

 x  25x15  1 (1  8 

 1-8)  25,000 

 600  200 

 1  800 

1.2

 1.  

 
 
 
 

 
 
 
 

 
 



5

 2.  

 Blue wool standard 

 ISO 105 B01-1994 colour fastness to light : Daylight 

 80% 

 3.  

1.3

 1.   3 

 3 

 (LR)  30:1 

 2.  

 (Al2(SO4)3.18H2O)

(CuSO4.5H2O)  (FeSO4.7H2O)

 5-20%

 D-(+)-Glucose anhydrous  Chitosan  1% vol. 

 3.  (calibration) 

 Blue wool standard  ISO 105 B01-1994 

colour fastness to light: Daylight  

1.4

 Blue wool standard 
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1.4.1

 1.4.2  

 1.4.3  

 1.

1.1

 -   The Thai Silk Co.,Ltd. 

 110001  100%  1  1  75 

 1  1  10×10 

 4  80 C

30  desiccators  30 

 -   (silk degumming  boiling-off) 

 (sericin) 

 1 

 30  anionic surfactant  1% 

 (NaOH)  2 

 90-95 C  1.5-2 

  15-20 

 surfactant  1-2 

 
 
 
 

 
 
 
 

 
 



7

 (H2O2)  pH  2.5-9 

 1  30  (H2O2)

 1%

 80 C  2 

 10  2 

 1-2 

1.2

 -  (Al2(SO4)3.18H2O)

(CuSO4.5H2O)  (FeSO4.7H2O)  5-20%

 pad  pad 

 45-50 C  1% 

 Padder  2.2 

kg/cm
3

 pad 

80 C  30  desiccators  30 

 -   3 

 (LR) 

30:1  pad dye

 -   ISO 105 B01-1994 

colour fastness to light: Daylight 

 ISO 105 B02-1994 (E) 

 (THTI) 
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1.3

 (ITLT) 

 pad dye  exhaust dye  3 

 1.  pad  pad 

 2.  ITLT  pad  pad 

 3.   ITLT  pad  exhaust 

-  (%dye exhaustion) 

(%dye fixation)  UV-Vis spectrophotometer 

 -   (CIE DL* Da* Db*)  ColorReader Konica Minolta CR-10 

 GretagMacbeth :The Judge  daylight  ( E)

 -   ISO 105 B01-1994 

colour fastness to light: Daylight  

1.4

 D-(+)-Glucose anhydrous 

 Chitosan Powder (95% DAC) 

700,000

 (Al2(SO4)3.18H2O)  (FeSO4.7H2O)  5-20%
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1.4.1  UV 

 -  

 5-20%

1% vol.  80 C  1 

 UV  UV-Vis 

spectrophotometer

1.4.2

 Glucose  Felse  Panda,1999 

-

 Annachhatre  (1996) 

 (Cu)  1  Cu  13 

 1 mg./L  4 

 pH  Cu  5.5-6.0  Chitosan 

 Chitosan 

 -  

 45-50 C  1% 

 Padder  2.2 kg/cm
3

 pad 

 80 C  30 

 desiccators  30 

 -   2 

 Glucose  1%Vol.

Glucose  pad dye 
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 80 C  30 

 10  pad dye 

2.2 kg/cm
3

 pad dye 

80 C  30  desiccators  30 

 -   (CIE DL* Da* Db*)  ( E)

 pad 

 5-20%  pad dye 

 -   ISO 105 B01-1994 

colour fastness to light: Daylight  

 2.

 28 

 Blue wool standards 

 ISO 105 B01-1994 colour fastness to light: Daylight  8 

 2 

 Blue wool standard  7 

 grey scale  4/5 

 ISO 105 B02-1994 

(E)  (THTI) 

 -   5 

 3.

 28 

 1×5  4  1×2.5 

 4 
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 1,2, 3  4  4 

 (CIE DL* Da* Db*)  ColorReader Konica Minolta CR-10 

GretagMacbeth :The Judge  (fading rate) 

 4 

-  Light fastness test box 

 Light fastness test box  1 

 1.4.4  

 1.4.5  

 1.4.6  

1.5

1.

Blue wool standard

 2.  

 3.  
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 2 

2.1

 “ ”  “ ”

 11% 

(low wet resiliency) 

[8]

 2.1.1 [9]

 2.1 

 (fibroin)  (C)  (H) 

 (O)  (N)  (S) 
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 2.1  [10] 

 2.2  [11] 

 2.1.2  [8]

 (Filament)  (staple fiber)   

 (Fibroin)  75 

 sericin  25 

 0.5-1%  1-1.4% 

 Bombyx mori  Mulberry silk 20-30% 

 Tussah  5-15% 

1500  500  Bombyx mori 

 (spun silk)  
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 fibroin  sericin 

 Fibroin 

2.2   sericin  glycine alanine serine  tyrosine 

43.99% 26.54% 11.41%  5.35%  fibroin  (C) 48-49% 

 (H) 6.4-6.5%  (O) 26-28%  (N) 17-19%  (S) 

 (keratin) 

 0.7-5%  fibroin 

 Sericin  serine 

 16-38%  sericin 

 fibroin 

sericin 

 2.1.3  [9]

  :

  :

 :
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 :

 :

  :

 :

2.2

 (Substantivity) 

 (Direct dye) 

 
 
 
 

 
 
 
 

 
 



16

 80-100 

 [7]

 2.2.1 

1.  

2.

3.

4.  

5.

 2.2.2 

1.

 4-5 

2.  
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3.

4.  

 (Low impact chemical dyes)  

  Azo  

2.2.3

[12]

 2 

1.  (leveling dyeing) 

2.

1.

2.
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 ( complex ) [7]

 2.2.4 

 2.2.4.1 

 (Mordant) [13]

 (metal dye complexes)  2.1 

 (The chrome mordant method)  (The 

metachrome method)  (The afterchrome method) [14]

 “  (chelate)”  

[15,16]
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 1.  

 2.  

 3.  

 4.  

 5.  

  2.1  Chelate 

[17]

 Chelates 

OH

C

O

OH

O

C

O

OH

Al

O

OH O

AlO

OH O
O O

Al

 (Strong 

Complex)  Alizarin  Chrome 

 2.3 
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O

O

OHHO

Cr
OH

2

OO

Alizarin

Mordant
H

2
O

 2.3 [14]

  2.2 

 2.2 [14]

Alum

Copperas

Tin

-

-

Alum

Blue vitriol 

Copperas

-

-

Chrome

Chrome

Tin -

-
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  2.3 

 2.3 

 (Indigoids) 

(Indigoids)

 (Tannins) 

(Indigoids)  (Flavonoids) 

 (Tannins)

(Flavonoids)  (Anthraquinones) 

 (Indigoids) 

 (Anthraquinones) 

 (Carotenoids) 

(Flavonoids)  (Tannins) 

 (Xanthones)  (Quinones) 
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 2.2.4.2  

 2.2.4.3  

 2.2.4.4  

 2.2.4.5  

 2.2.4.6  
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 5 

 -  

 -  

 -  

 -   5 [12]
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 2.2.5 

 2.2.5.1  (Cassia siamea Lamk.) 

 2.4  [18] 

 ( )  ( )

( )

 8-18 

 30  1 

 3.5  10-20 

 7-10 
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 2.2.5.2  (Diospyros mollis Griff.) 

 2.5  [19] 

 2.2.5.3  (Cocos nucifea Linn.) 

 2.6  [20] 
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 25 

 4-6 

 1.5-5  50-100 

 60-90 

 endocarp   mesocarp 

 embryo  coconut milk  endosperm 

 copra 

 2.2.6 

 2.4 
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 2.4

(Cassia siamea Lamk.) 

 80 C  1 

 80 C  1 

(Diospyros mollis Griff.) 

(pH 10.5) 

 24 

(Cocos nucifea Linn.) 

 1-2 

 80 C

 1 

80 C  1 

 3 

 (LR) = 30:1 
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 2.2.6.1 [21]

. . 2540 

.

40

 19 

 3  1  (

)  1:10 

 1-2  1  30 

150  70 C  50 

 5  95 C

 1-2   70%  20 

 10 

 (mordants) 

 (mordants)  10% 

 ( )

 ( )

     

15  1  0.5:1  1-2 
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 15  1 

0.5:1  1-2 

 (mordants)  (mordants) 

 2 

 (mordants) 

 pH  (mordants) 
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 2.5

 [21]

+

,

-

-

6

4

4-5

6

6

4

5-6

3-4

4-5

4-5

4

3-4

5

5

5

4

6

3-4

4

4

4-5

4-5

4-5

4-5

4-5

4-5

4-5

4

3-4

4

4-5

4-5

4

4

5

4-5

4-5

4-5

 1-8  1 

 1-5  1 
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 2.2.7  [7]

 2 

 (immersion or exhaustion dyeing)  (continuous or 

impregnation – fixation method) 

  2.2.7.1   

  2.2.7.2   

 (padder) 

 (dye through) 

 (roller) 

 (dryer) 

2.3  [7]

 (Inorganic Layer Technology : 

ITLT)  (Inorganic bilayer mordant 

structure)
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 2.7  (a)  (b) 

 (Bilayer mordant structure) 

(Physical interlocking) 

   SiO2  Sol-Gel 

 SiO2  (

,  2544,26) 

 SiO2

 SiO2  Surface energy 

 Perfluorinated polymer  SiCl4

 Perfluorinated polymer  SiCl4

 SiO2

 SiO2

 tetraethoxysilane  SiCl4  carrier gas 

0.5 – 3 m  SiO2
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 (Rehwinkel et al. 1998, 2000 ; Chun 1999) 

 (SiO2) (Brinker and Scherer 1990 ; Industrial 

zone west 2001)  2 

 silica chemical species 

aqueous  silica  silica 

 OR 

 silicon  silanol (  Si-OH)  chemical species 

 siloxane (Si-O-Si)  3 

 2  (Sol) 

 (gel)  –  (Sol – gel 

process)

 Sol – Gel 

 Sol – Gel  (sol) 

 colloid  (gel)  Sol – Gel 

 (spherical shaped powders) 

 (thin film coating)  (microporous inorganic 

membranes)

 “Sol”  metal alkoxides 

 Sol – Gel  hydrolysis  polymer  colloidal 

suspension,  sol  spin – coating  dip 

coating  2.8 
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 2.8  Sol-Gel 

 “sol”  “gel” 

 “gel”  gel 

 supercritical  “aerogel”  sol 

 sol  (ceramic fiber)  ultra – fine 

 uniform  (precipitate) , spray pyrolysis  emulsion technique 

 2.3.1  Sol – Gel Chemistry [7]

 Sol – Gel  condensation  sodium silicate 

 silicon alkoxide precursors  tetramethyl 

orthosilicate (TMOS; Si(OCH3)4) ,  tetraethyl orthosilicate (TEOS ; Si(OCH2CH3)4)

 gel  Sol – Gel 

Alkoxide  1  Sol – Gel  TEOS 

 Si(OCH2CH3)4   +   2H2O     SiO2   +   4HOCH2CH3   (1) 

 silicon alkoxide monomer 
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 stoichiometry  2  4 – 30 

 gel  sol  gel 

 (network) 

 Silica aerogel  hydrolysis  condensation  silicon alkoxides 

 silicon alkoxide (TMOS  TEOS)  polymerized 

,  self – polymerization  2 – 3 

  nSi(OR)4  +   4nH2O  nSi(OH)4  +   4nROH   (2) 

  nSi(OH)4  nSiO2       +   2nH2O    (3) 

 2 – 3   product  (SiO2)

 3  product  condensation 

 Si(OH)4

 Freunlich (1926, quoted in Brinker and Scherer 1990: 99) 

 SiO2  silicic acid (Si(OH)4)

 – 

 bilayer structure  SiO2

 Sol – Gel  SiO2

Si(OC2H5)4  silica  4  5 – 6 

 silica  15 – 25 nm 

  Si(OC2H5)4  +   2H2O  SiO2  +   4 C2H5OH   (4) 

   

  Si(OC2H5)4  +   4H2O  Si(OH)4  +   4 C2H5OH   (5) 

  Si(OH)4  SiO2       +   2H2O   (6) 

 4  Electropositive  ( )

 TEOS (Si(OEt)4)  +0.32  nucleophilic 

coordination number (N) = oxidation state (z)  coordinate  nucleophilic 

Acid condition 
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 hydrolysis  condensation 

 pH 7  Si(OH)4

 (Brinker and Scherer)

 Freundlich (1926 quoted in Brinker and Scherer 1990: 99)  silicic 

acid  hydrolyze ester  7 

  Si(OEt)4   +   H2O (excess)  Si(OH)4    (7) 

 silicic acid 

 polymerization  Iler 

(1979 , quoted in Brinker and Scherer 1990 : 99)  2.8 

polymerization  3  1  polymerize  monomer 

 2  3 

 gel 

2.4

AATCC  ISO 

: . 121  1-5  14-2518 

 ( )
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 2.4.1  ISO 105 B01-1994 colour fastness to light: Daylight [22]

 (specimen)  10x100  10x20 

 Blue wool 

standard

 2.9  A’B’  AB 

1/5  (20 )  reference 

3  gray scale grade 4/5 

 CD  2.9  

AB  reference  6  gray scale 

grade 4/5  EF  2.9 

 reference  7 

gray scale grade 4  

 1-8 
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 2.9  (  8 1

 8  1  8 

4 )

 2.4.2  AATCC Test method-16-1998[23]

 Colour fastness to 

artificial : Xenon arc fading lamp test  AATCC test Method 16-1998 

AATCC Blue Wool Light fastness Standard 

Specimens 

A’

E
C

A

F
D

B

Reference 1 L2

Reference 2 L3

Reference 3 L4

Reference 4 L5

Reference 5 L6

Reference 6 L7

Reference 8 L9

Reference 7 L8

Un-

expos

1st 2nd Un-

expos

3rd

B’
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70x120  30x30 

 L2-L9  L2 

 L9 

 70x120  30x30 

 Blue wool standard 

 2.10  

 Xenon-Arc Lamp  20  2 

 L4  gray scale 

4  light fastness 

 AATCC Blue Wool Light fastness standard 

 1 

 2 

 3 

 4 

 5 

 2.10  Xenon arc fading lamp test 

(  8 1  8  1 

 8  4 )

L2 

L3 

L4 

L5 

L6 

L7 

L8 

L9 
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 2.4.3 : . 121  1-5 

 14-2518  ( )[24]

 2.6  1 (

)  8 ( )

( )

  2.6  [24]

*

1

2

3

4

5

6

7

8

C.I. Acid Blue 104 

C.I. Acid Blue 109 

C.I. Acid Blue 83 

C.I. Acid Blue 121 

C.I. Acid Blue 47 

C.I. Acid Blue 23 

C.I. Solubilized Vat Blue 5 

C.I. Solubilized Vat Blue 8 

*  Color index, second edition, volume 1. The Society of 

Dyers and Colourists, Bradford, Yorkshire, 1956 

 50 

 (grey scale) 

 14 

 10 × 60 
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 2.11 

  2.11   :
1 2

-  1, 
1 2

-  2, XX     

-
1 2

 XX 

 4 

 ( 1 2)

 3 

 3 

 1, 2  3 

1

6

2

3

4

5

7

8

X

1

2

2

1

X
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 2 

 3  4 

 4  3 

 1  1  4 

 3 

 6 (3)  3 

 6 

 7  4 

 7 

 3 

 8 

 7  4 

 7  8 

2.5

2.5.1 E[25]                

///////CIE

 (Total colour difference : E )

E L a b

2.5.2  CIEL*  a*  b*[26]

 CIEL* a* b* System 
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 CIELAB 1976  color space  2.12 

 2.12 Color space  CIELAB 1976[27] 

 L*  (lightness)  L*  0  L* 

 100 

 a*  (red-green)  a* 

 a* 

 b*  (yellow-blue)  b* 

 b* 

 CIEL* a* b*  “a*”  “b*”  “hue” 

“chroma”  2  hue angle (H*)  chroma (C*) 

 Hue angle  color space 

  H*  =  0, (360) 

      H* =   90    

      H*  = 180    

      H*  =   270    

 Chroma 

 CIEL*  a*  b*  L*  C*  H* 

L*  a*  b* 
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 CIEL*  a*  b* Color Difference 

Equation

- -

L* = L*  - L* 

L*  (+)  (lighter) L*

 (–)  (darker) 

a* = a*  - a* 

a*  (+)  (redder) a*  (–) 

 (greener) 

b* = b*  - b* 

b*  (+)  (yellower) b*

 (–)  (bluer) 

L* a* b*

E* (total color difference) E*

 1-2 

C* H* 

C* = C*  - C* 

C*  (+)  (brighter) 

C*  (–)  (duller) 

H* = H*  - H* 

 H* H*  (+) 

 (yellower) H*  (–) 

 (bluer) 
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 H* H*  (+) 

 (yellower) H*  (–) 

 (redder) 

 H* H*  (+) 

 (greener) H*  (–) 

 (redder) 

 H* H*  (+) 

 (bluer) H*  (–) 

 (yellower) 

 H* H*  (+) 

 (redder) H*  (–) 

 (greener) 

 H* H*  (+) 

 (redder) H*  (–) 

 (bluer)  2.13 

 2.13 H*  CIEL* a* b*[28]
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 3 

3.1

3.1.1

 -   The Thai Silk Co.,Ltd.  110001   

 -     -  

 -      -   Universal Indicator 

 -    -   

 -  

 3.1.2 

 -     - 

 -     - 

 -     - Hotplate 

 -     - Desiccator 

 -     -     

 -     -

 3.1.3 

 -   4 

 -      (  WTC  binder (0-2990
C

))

 -           (  Phillips  Cucina HR172116) 

 -   Padder          (  Pad Mangle  Pad No.9107) 

 -   Exhaustion  (  Laboratory high Temperature Dyeing   

     MachinePenta  Rapid-12) 
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 -   Daylight  (  GretagMacbeth: The Judge II) 

 -  UV-Vis spectrophotometer (  JASCO  UV-V530 UV-Vis Spectrophotometer) 

 -   ICPS   (  Variant Tectron  Liberty 220) 

 -     (  ColorReader Konica Minolta CR-10) 

 -   FT-IR   (  Nicolet  Impact410) 

3.2

 3.2.1 

 -  

 3.2.2 

 -  Acetic acid    (99.9%)  J.T.Baker Co.,Inc.  

 -  Sodium Hydroxide    (98%)  Ajax Finechem 

 3.2.3 

 -  Ferrous Sulphate   (99.0%)  Ajax Finechem 

 -  Copper Sulphate   (98.0-102.0%) Ajax Finechem 

 -  Aluminium Sulphate   (100-110%) Ajax Finechem 

 -  Tetraethyl orthosilicate   ( 98%)  Fluka 

 3.2.4 

 - Chitosan Powder   (95% DAC)  Seafresh Chitosan (Lab) Co.,Ltd. 

 -  D-(+)-Glucose anhydrous  ( 98.0%) Fluka 

3.3

   

  -      Cassia siamea Lamk.
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  -       Diospyros mollis Griff.

  -     Cocos nucifea Linn. 

3.4

 (Blue wool standard) 

3.4.1

 3.4.2  

 3.4.3  

 1.

1.1

 -   The Thai Silk Co.,Ltd. 

 110001  100%  1  1  75 

 1  1  10×10 

 4  80 C

30  desiccators  30 

 -   (silk degumming  boiling-off) 

 (sericin) 
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 1 

 30  anionic surfactant  1% 

 (NaOH)  2 

 90-95 C  1.5-2 

  15-20 

 surfactant  1-2 

 (H2O2)  pH  2.5-9 

 1  30  (H2O2)

 1%

 80 C  2 

 10  2 

 1-2 

1.2

 -  (Al2(SO4)3.18H2O)

(CuSO4.5H2O)  (FeSO4.7H2O)  5-20%

 pad  pad 

 45-50 C  1% 

 Padder  3.1 

 2.2 kg/cm
3

 pad 

 80 C  30  desiccators  30 

 
 
 
 

 
 
 
 

 
 



50

 -   3 

 (LR) 

30:1  3.1  pad dye  

 3.1

(Cassia siamea Lamk.) 

 30  2 

 80 C  1 

 80 C  1 

 2 

(Diospyros mollis Griff.)  (pH 

10.5)

 24 
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(Cocos nucifea Linn.) 

 1-2 

 30 

 2 

80 C  1 

 80 C

 1  2 

 3 

 (LR) = 30:1 

 3.1  Padder 

 -   ISO 105 B01-1994 

colour fastness to light: Daylight 

 ISO 105 B02-1994 (E) 

 (THTI) 
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1.3

 (ITLT) 

 pad dye  exhaust dye  3 

 1.  pad  pad 

 -  

 45-50 C  1% 

 Padder  2.2 kg/cm
3

 pad 

 80 C  30 

 desiccators  30 

 -   pad dye 

 80 C  30 

 10 

 pad dye  2.2 kg/cm
3

 pad dye 

 80 C  30 

desiccators  30 

 2.  ITLT  pad  pad 

 -   Tetraethyl orthosilicate (TEOS; Si(OCH2CH3)4)

 SiO2 1%  ( .1 ) 

 50  detergent  magnetic bar 

 5  Padder 

  2.2 kg/cm
3

 pH 3.8 

 80 C  30  desiccators  30 
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 -  

 45-50 C  1% 

 Padder  2.2 

kg/cm
3

 pad 

80 C  30  desiccators  30 

 -   pad dye 

 80 C  30 

 10 

 pad dye  2.2 kg/cm
3

 pad dye 

 80 C  30 

desiccators  30 

 3.   ITLT  pad  exhaust 

 -   Tetraethyl orthosilicate (TEOS; Si(OCH2CH3)4)

 SiO2 1%  50 

detergent  magnetic bar 

 5  Padder   2.2 kg/cm
3

 pH 3.8  80 C

30  desiccators  30 

 -  

 45-50 C  1% 

 Padder  2.2 

kg/cm
3

 pad 

80 C  30  desiccators  30 
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 -   exhaust dye 

 80 C  30 

 Exhaustion 

3.2  80 C  1 

 Padder  80 C  30 

 80 C  30 

 desiccators  30 

 3.2  Exhaustion 

 -   (%dye exhaustion) 

 (%dye fixation)  UV-Vis spectrophotometer 

 -   (CIE DL* Da* Db*)  ColorReader Konica Minolta CR-10 

 GretagMacbeth :The Judge  daylight  3.3 

 ( E)

 -   ISO 105 B01-1994 

colour fastness to light: Daylight  
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 3.3  ColorReader Konica Minolta CR-10  GretagMacbeth :The Judge

1.4

 D-(+)-Glucose anhydrous 

 Chitosan Powder (95% DAC) 

700,000

 (Al2(SO4)3.18H2O)  (FeSO4.7H2O)  5-20%

 UV-Vis spectrophotometer 

1.4.1  UV 

 -  

 5-20%

1% vol.  80 C  1 

 UV 

1.4.2

 Glucose  Felse  Panda,1999 

-

 Annachhatre  (1996) 
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 (Cu)  1  Cu  13 

 1 mg./L  4 

 pH  Cu  5.5-6.0  Chitosan 

 Chitosan 

 -  

 45-50 C  1% 

 Padder  2.2 kg/cm
3

 pad 

 80 C  30 

 desiccators  30 

 -   2 

 Glucose  1%Vol.

Glucose  pad dye 

 80 C  30 

 10  pad dye 

2.2 kg/cm
3

 pad dye 

80 C  30  desiccators  30 

 -   (CIE DL* Da* Db*)  ( E)

 pad 

 5-20%  pad dye 

 -   ISO 105 B01-1994 

colour fastness to light: Daylight  
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 2.

 28 

 Blue wool standards 

 ISO 105 B01-1994 colour fastness to light: Daylight  8 

 2 

 Blue wool standard  7 

 grey scale  4/5 

 ISO 105 B02-1994 

(E)  (THTI) 

 -   5 

 3.

 28 

 1×5  4  1×2.5 

 3.4  4 

 1,2, 3  4  4 

 (CIE DL* Da* Db*)  ColorReader Konica Minolta CR-10 

 GretagMacbeth :The Judge  (fading rate) 

 4 
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 1

 2 

 3 

 4 

 3.4

 -   Light fastness test box 

 Light fastness test box  1 

 3.4.4  

 3.4.5  

 3.4.6  
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 4 

 Blue wool standard 

 80% 

 1.

4.1

 pad  pad 

 (Al2(SO4)3.18H2O)  (CuSO4.5H2O)

 (FeSO4.7H2O)   5-20%

 4.1 

 2-5 

 3-4  1-5 
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 (chelate) 

 4.1 

 4.1

 4.1 

 (%wt.) 

 0 2 3 1-2 

5 2 3 1 

10 2 3 1 

15 2 3 1 
Al

20 2 3 1 

5 3-4 3-4 3 

10 3-4 3-4 3-4 

15 3-4 3-4 3-4 
Cu

20 3-4 3-4 3-4 

mordant Al

 (chelate) 
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 (%wt.) 

5 4-5 3-4 4-5 

10 4-5 3-4 4-5 

15 4-5 3-4 4-5 
Fe

20 4-5 3-4 4-5 

 :  1-8                               

    1  8 

 14 

 2  (

)

 ICP  4.2

 4.2 

 Al%(w/w) Cu%(w/w) Fe%(w/w) 

 0.0140 ND 0.0160 

 0.0071 ND 0.0130 

ND = Nondetect 

 5-20%
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4.2

 (ITLT) 

 pad dye  exhaust dye  3 

 1.  pad  pad   (Pad mordant + Pad dye) 

 2.  ITLT  pad  pad       

 (ITLT + Pad mordant + Pad dye) 

 3.  ITLT  pad  exhaust 

 (ITLT + Pad mordant + Exhaust dye) 

(ITLT)  (%dye exhaustion) 

 (%dye fixation)  UV-Vis spectrophotometer  4.2-4.4 

 ITLT 

 80%  (

.2) 

 (2546) 

(ITLT) (%dye exhaustion)  Alizarin  Curcumin 

Indigo  36%, 92%  78%  80%, 98.5%  90% 

 (%dye fixation)  34%, 92%  74%  77.5%, 98%  82.5% 

 (chelate) 
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(a)

(b)

 4.2  (a) %dye exhaustion  (b) %dye fixation 

 ITLT  pad  exhaust 

 (Al
2
(SO

4
)

3
.18H

2
O)  (CuSO

4
.5H

2
O)

(FeSO
4
.7H

2
O)  5-20%
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(a)

(b)

 4.3    (a) %dye exhaustion  (b) %dye fixation 

 ITLT  pad  exhaust 

 (Al
2
(SO

4
)

3
.18H

2
O)  (CuSO

4
.5H

2
O)

 (FeSO
4
.7H

2
O)  5-20%
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(a)

(b)

 4.4  (a) %dye exhaustion  (b) %dye fixation 

 ITLT  pad  exhaust 

 (Al
2
(SO

4
)

3
.18H

2
O)  (CuSO

4
.5H

2
O)

 (FeSO
4
.7H

2
O)  5-20%

 ITLT 

 (

.3)  pad  pad 

 (Pad mordant + Pad dye) 

 4.5-4.7 

 ITLT  pad  pad 

 (ITLT + Pad mordant + Pad dye) 

 pad  pad 

 ITLT
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(a)

(b)

(c)

 4.5    1.  pad 

 pad  2.  ITLT  pad  pad 

 3.   ITLT  pad  exhaust 

 (a)  (Al
2
(SO

4
)

3
.18H

2
O),(b)  (CuSO

4
.5H

2
O)

(c)  (FeSO
4
.7H

2
O)  5-20%
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(a)

(b)

(c)

 4.6    1.  pad 

pad  2.  ITLT  pad  pad 

 3.   ITLT  pad  exhaust 

 (a)  (Al
2
(SO

4
)

3
.18H

2
O),(b)  (CuSO

4
.5H

2
O)

(c)  (FeSO
4
.7H

2
O)  5-20%
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(a)

(b)

(c)

 4.7  1.  pad 

 pad  2.  ITLT  pad  pad 

 3.   ITLT  pad  exhaust 

 (a)  (Al
2
(SO

4
)

3
.18H

2
O), (b)  (CuSO

4
.5H

2
O)

(c)  (FeSO
4
.7H

2
O)  5-20%
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 (CIE DL* Da* Db*) 

 ( E)

 4.2.1  pad  pad  (Pad mordant + Pad dye) 

 4.3 

 2-5  3-4 

 1-5 

 DL* 

 3  (-) (darker)  Da* 

 (+) 

 (redder)  (-) 

 (greener)  Db*  3  (+) 

 (yellower)  

 DL* 

 (+)  (lighter) 

 (-)  (darker)  Da* 

 3  (-)  (greener) 

Db*  3  (-)  (bluer)

 DL*  3  (-) 

 (darker)  Da*  3 

 (-)  (greener)  Db*  3 

 (+)  (yellower)

 ( E)

 ( E) 
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 4.3  pad 

 pad 

Pad mordant + Pad dye 

 (%wt.) 

Light

fastness 
L* a* b* DL* Da* Db* E

 0 2 64.9 0.8 19.5 

5 2 64.9 1.8 22.7 0.0 1.0 3.2 3.35 

10 2 65.2 1.6 24.1 0.3 0.8 4.6 4.68 

15 2 63.2 2.6 24.6 -1.7 1.2 5.1 5.51 
Al 

20 2 63.5 2.2 26.1 -1.4 1.4 6.6 6.89 

5 3-4 63.0 0.4 18.9 -1.9 -0.4 -0.6 2.03 

10 3-4 64.0 0.4 20.9 -0.9 -0.4 1.4 1.71 

15 3-4 63.5 0.1 19.5 -1.4 -0.7 0.0 1.57 
Cu

20 3-4 62.1 0.3 19.0 -2.8 -0.5 -0.5 2.89 

5 4-5 52.6 1.9 16.9 -12.3 1.1 -2.6 12.62 

10 4-5 54.8 2.5 20.0 -10.1 1.7 0.5 10.25 

15 4-5 53.3 3.1 20.1 -11.6 2.3 0.6 11.84 
Fe

20 4-5 50.2 4.4 22.0 -14.7 3.6 2.5 15.34 

 0 3 31.9 1.3 2.6 

5 3 34.4 0.4 1.9 2.5 -0.9 -0.7 2.75 

10 3 35.4 0.5 1.8 3.5 -0.8 -0.8 3.68 

15 3 33.0 0.4 1.6 1.1 -0.9 -1.0 1.74 
Al 

20 3 32.0 0.3 1.7 0.1 -1.0 -1.1 1.49 

5 3-4 32.0 1.2 2.6 0.1 -0.1 0.0 0.14 

10 3-4 37.6 0.4 1.9 5.7 -0.9 -0.7 5.81 

15 3-4 38.3 0.4 1.5 6.4 -0.9 -0.7 6.50 
Cu

20 3-4 37.6 0.4 1.5 5.7 -0.9 -0.7 5.81 
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Pad mordant + Pad dye 

 (%wt.) 

Light

fastness 
L* a* b* DL* Da* Db* E

5 3-4 29.2 0.7 2.8 -2.7 -0.6 0.2 2.77 

10 3-4 29.1 0.6 2.9 -2.8 -0.7 0.3 2.90 

15 3-4 28.7 0.7 3.1 -3.2 -0.6 0.5 3.29 
Fe

20 3-4 30.2 0.8 3.8 -1.7 -0.5 0.9 1.99 

 0 1-2 72.1 6.2 18.2 

5 1 69.7 5.9 20.9 -2.4 -0.3 2.7 3.62 

10 1 68.3 5.9 21.4 -3.8 -0.2 3.2 4.97 

15 1 69.0 5.7 21.1 -3.1 -0.5 2.9 4.27 
Al 

20 1 68.0 6.3 21.8 -4.1 0.1 3.6 5.46 

5 3 63.1 4.9 19.8 -9.0 -1.3 1.6 9.23 

10 3-4 62.0 4.8 19.6 -10.1 -1.4 1.4 10.29 

15 3-4 60.5 5.3 20.0 -11.6 -0.9 1.8 11.77 
Cu

20 3-4 60.3 4.9 19.6 -11.8 -1.3 1.4 11.95 

5 4-5 55.5 2.6 17.4 -16.6 -3.6 -0.8 17.00 

10 4-5 56.1 4.6 17.8 -16.0 -1.6 -0.4 16.09 

15 4-5 57.5 4.8 19.3 -14.6 -1.4 1.1 14.71 
Fe

20 4-5 54.3 5.9 21.4 -17.8 -0.3 3.2 18.09 

 :  1-8

 1  8 

 (THTI) 
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  4.2.2   ITLT  pad  pad 

 (ITLT + Pad mordant + Pad dye) 

 4.4 

 2-5  2-4 

 1-2 

 DL* 

 3  (-)  (darker)  Da* 

 (+)  (redder) 

 (-) 

 (greener)  Db*  (+) 

 (yellower) 

 (-)  (bluer) 

 DL*  3  (-) 

 (darker)  Da*  3 

 (-)  (greener)  Db*  3 

 (-)  (bluer)  

 DL*  3  (-) 

 (darker)  Da*  3 

 (-)  (greener)  Db* 

 (+)   (yellower)   

 (-) 

(bluer)

 ( E)

 ( E) 
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 4.4 

 ITLT  pad  pad 

ITLT + Pad mordant + Pad dye 

 (%wt.) 

Light 

fastness
L* a* b* DL* Da* Db* E

 0 2 68 1.2 16.2

5 2 61.4 1.4 16.5 -6.6 0.2 0.3 6.61 

10 2 60.0 1.5 16.9 -7.9 0.3 0.7 7.94 

15 2 60.1 1.3 17.0 -7.9 0.1 0.8 7.94 
Al 

20 2 61.6 1.3 17.7 -6.4 0.1 1.5 6.57 

5 2 59.8 1.3 16.3 -8.2 0.1 0.1 8.20 

10 2 59.8 0.9 14.9 -8.2 -0.3 -1.3 8.31 

15 2 59.9 0.9 15.4 -8.1 -0.3 -0.8 8.15 
Cu 

20 2 59.1 1.0 15.4 -8.9 -0.2 -0.8 8.94 

5 4-5 55.0 1.5 13.3 -13.0 0.3 -2.9 13.32

10 4-5 54.9 1.0 11.9 -13.1 -0.2 -4.3 13.79

15 4-5 53.7 1.5 13.3 -14.3 0.3 -2.9 14.59
Fe

20 4-5 53.8 1.0 11.8 -14.2 -0.2 -4.4 14.87

 0 2 40.2 1.7 4.1 

5 2-3 37.8 1.6 3.6 -2.4 -0.1 -0.5 2.45 

10 2-3 36.5 1.7 3.7 -3.7 0.0 -0.4 3.72 

15 2-3 37.1 1.5 3.3 -3.1 -0.2 -0.8 3.21 
Al 

20 2-3 36.0 1.5 3.4 -4.2 -0.2 -0.7 4.26 

5 3 34.1 1.4 2.6 -6.1 -0.3 -1.5 6.29 

10 3 38.5 1.6 3.1 -1.7 -0.1 -1.0 1.98 

15 3 36.5 1.6 2.9 -3.7 -0.1 -1.2 3.89 
Cu 

20 3 38.3 1.4 2.9 -1.9 -0.3 -1.2 2.27 

 
 
 
 

 
 
 
 

 
 



74

ITLT + Pad mordant + Pad dye 

 (%wt.) 

Light 

fastness
L* a* b* DL* Da* Db* E

5 3-4 40.2 1.3 3.5 0.0 -0.4 -0.6 0.72 

10 3-4 38.7 1.3 3.3 -1.5 -0.4 -0.8 1.75 

15 3-4 39.8 1.1 3.7 -0.4 -0.6 -0.4 0.83 
Fe

20 3-4 39.7 1.1 3.8 -0.5 -0.6 -0.3 0.84 

 0 1 74.5 7.5 17.9

5 1 74.2 6.3 18.1 -0.3 -1.2 0.2 1.25 

10 1 74.5 6.4 18.1 0.0 -1.1 0.2 1.12 

15 1 73.9 6.6 18.6 -0.6 -0.9 0.7 1.29 
Al 

20 1 74.1 6.5 18.8 -0.4 -1.0 0.9 1.40 

5 2 68.7 5.9 17.1 -5.8 -1.6 -0.8 6.07 

10 2 69.4 5.8 17.1 -5.1 -1.7 -0.8 5.44 

15 2 69.3 5.7 16.7 -5.3 -1.8 -1.2 5.73 Cu 

20 2 68.6 5.8 16.9 -5.9 -1.7 -1.0 6.22 

5 2 59.4 3.8 7.3 -15.1 -3.7 -10.6 18.82

10 2 60.4 3.9 7.6 -14.1 -3.6 -10.3 17.83

15 2 60.4 3.6 7.3 -14.1 -3.9 -10.6 18.07
Fe

20 2 59.2 3.8 7.6 -15.3 -3.7 -10.3 18.81

 :  1-8                               

    1  8 

 14 
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 4.2.3  ITLT  pad 

exhaust  (ITLT + Pad mordant + Exhaust dye) 

 4.5 

 2-5  2-4 

 2-3 

 DL* 

 (+)  (lighter)  

 (-) 

 (darker)  Da*  

 (+)  (redder) 

 (-)  (greener)  Db* 

 (+)  (yellower) 

 (-) 

 (bluer) 

 DL*  3  (+) 

 (lighter)  Da* 

 (-)  (greener) 

 (+)  (redder) 

Db*  (-)  

 (bluer)  (-) 

 (bluer) 

 DL*  3  (-) 

 (darker)  Da*  3 

 (-)  (greener)  Db* 

 (+) 

(yellower)  (-) 

 (bluer) 

 
 
 
 

 
 
 
 

 
 



76

 ( E)

 ( E) 

 4.5 

 ITLT  pad  exhaust 

ITLT + Pad mordant + Exhaust dye

 (%wt.) 

Light 

fastness
L* a* b* DL* Da* Db* E

 0 2 60.0 3.8 18.8

5 2 63.4 4.6 21.6 3.4 0.8 2.8 4.48 

10 2-3 62.3 3.8 20.7 2.3 0.0 1.9 2.98 

15 2-3 62.6 4.6 21.6 2.6 0.8 2.8 3.90 
Al 

20 2-3 61.3 4.5 22.5 1.3 0.7 3.7 3.98 

5 2 53.1 4.9 18.7 -7.7 1.1 -0.1 7.78 

10 2-3 53.1 4.5 18.4 -6.9 0.7 -0.4 6.95 

15 3-4 52.4 4.9 18.5 -6.9 1.1 -0.3 6.99 
Cu

20 3-4 50.8 5.7 19.3 -7.6 1.9 0.5 7.85 

5 4-5 50.3 3.9 14.8 -9.7 0.1 -4.0 10.49 

10 4-5 54.4 2.6 14.5 -5.6 -1.2 -4.3 7.16 Fe 

15 4-5 50.5 3.0 14.6 -9.5 -0.8 -4.2 10.42 

  20 5 52.1 3.8 15.5 -7.9 0.0 -3.3 8.56 

 0 2 47.6 1.7 4.5 

5 2 52.7 1.6 4.6 5.1 -0.1 0.1 5.10 

10 2 52.2 1.3 4.4 4.6 -0.4 -0.1 4.62 

15 2 50.7 1.3 4.2 3.1 -0.4 -0.3 3.14 
Al 

20 2 49.7 1.6 4.4 2.1 -0.1 -0.1 2.11 
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ITLT + Pad mordant + Exhaust dye

 (%wt.) 

Light 

fastness
L* a* b* DL* Da* Db* E

5 3 50.0 1.7 3.9 2.4 0.0 -0.6 2.47 

10 3 41.4 2.0 4.3 -6.2 0.3 -0.2 6.21 

15 3 49.1 2.1 4.2 1.5 0.4 -0.3 1.58 
Cu

20 3 51.3 2.1 4.3 3.7 0.4 -0.2 3.73 

5 3-4 51.0 1.5 5.3 3.4 -0.2 0.8 3.50 

10 3-4 53.8 1.6 5.5 6.2 -0.1 1.0 6.28 

15 3-4 53.5 1.5 6.5 5.9 -0.2 2.0 6.23 
Fe 

20 3-4 52.8 1.7 6.3 5.2 0.0 1.8 5.50 

 0 2 68.1 8.2 15.9

5 2 67.8 6.7 16.3 -0.3 -1.5 0.4 1.58 

10 2-3 66.2 5.3 14.3 -1.9 -2.9 -1.6 3.82 

15 2-3 65.6 7.0 18.2 -2.5 -1.2 2.3 3.60 
Al 

20 2-3 63.0 7.0 18.9 -5.1 -1.2 3.0 6.04 

5 2 58.4 6.9 17.2 -9.7 -1.3 1.3 9.87 

10 2 59 7.6 18.7 -9.1 -0.6 2.8 9.54 

15 2 57.4 7.2 18.1 -10.7 -1.0 2.2 10.97 
Cu

20 2-3 56.3 6.3 16.7 -11.8 -1.9 0.8 11.98 

5 3 54.9 3.0 8.3 -13.2 -5.2 -7.6 16.10 

10 3 55.6 2.7 8.3 -12.5 -5.5 -7.6 15.63 

15 4 55.1 2.4 8.7 -13.0 -5.8 -7.2 15.95 
Fe 

20 4-5 52.3 2.3 8.9 -15.8 -5.9 -7.0 18.26 

 :  1-8

 1  8 

 14 
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 3 

 ITLT 

 5-20%

 pad  pad 

 (Pad mordant + Pad dye) 

4.3

 4.3.1   UV 

 D-(+)-Glucose anhydrous 

 Chitosan Powder (95% DAC) 

700,000  1% Vol.

 (Al2(SO4)3.18H2O)

(FeSO4.7H2O)  5-20%  UV-Vis 

spectrophotometer  4.8-4.10  UV 

 wavelength 276.00 nm., 264.00 nm.  361.00 nm. 

 Glucose  Chitosan  1% Vol.

 UV  Glucose 
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 UV  Chitosan  amine 

 UV 

 Glucose 

 UV  Chitosan 

(a)

(b)

 4.8  UV  wavelength 276.00 nm.  (Cassia siamea Lamk.) 

(a)  (Al
2
(SO

4
)

3
.18H

2
O)  5-20%  1%Glucose 

 1%Chitosan  (b)  (FeSO
4
.7H

2
O)  5-20% 

 1%Glucose  1%Chitosan 
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(a)

(b)

 4.9  UV  wavelength 264.00 nm.  (Diospyros mollis Griff.) 

 (a)  (Al
2
(SO

4
)

3
.18H

2
O)   5-20% 

1%Glucose  1%Chitosan  (b)  (FeSO
4
.7H

2
O)   5-20% 

 1%Glucose  1%Chitosan 
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(a)

(b)

 4.10   UV  wavelength 361.00 nm.  (Cocos nucifea

Linn.)   (a)  (Al
2
(SO

4
)

3
.18H

2
O)   5-20% 

 1%Glucose  1%Chitosan  (b)  (FeSO
4
.7H

2
O)  5-20% 

 1%Glucose  1%Chitosan 

4.3.2

 Glucose  Felse  Panda,1999 

-

 Annachhatre  (1996) 

 (Cu)  1  Cu  13 

 1 mg./L  4 

 pH  Cu  5.5-6.0  Chitosan 

 Chitosan 

 
 
 
 

 
 
 
 

 
 



82

 4.3.2.1 

 pad 

 5-20%  pad 

 Glucose  1% Vol.

 (CIE DL* Da* Db*)  4.6-4.8

 Glucose  1% Vol.

 b*  (+) 

 (yellower)  

 4.6

Glucose 1% Vol.

 (%wt.) 

 L* a* b* (1% Glucose) L* a* b* 

 0 63.3 6 21.6  60.1 5.6 19.6 

5  56.9 6.5 22.4  59.1 6.7 23.1 

10  57.2 6.8 22.7  57.8 6.4 22.1 

15  58.4 6.7 24.1  57.2 6.4 22.4 

Al

20  59.3 6.4 24.3  57.4 6.2 22.0 

5  45.8 5 14.1  46.5 5.8 15.2 

10  44.1 5.6 14.0  45.9 5.3 14.9 

15  45.4 5.7 14.8  44.5 5.7 14.5 

Fe

20  42.8 5.5 14.1  44.6 5.7 14.5 
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 4.7

Glucose 1% Vol.

 (%wt.) 

L* a* b* 
(1% Glucose) 

L* a* b* 

0 53.0 13.5 12.2 53.2 13.6 13.9 

5 53.3 14.1 14.2 56.9 13.4 16.3 

10 54.6 14.0 14.1 54.1 13.8 15.4 

15 54.2 14.2 14.7 53.4 14.0 15.4 

Al

20 53.9 13.5 15.4 54.1 14.4 16.8 

5  50.1 12.0 14.6  49.5 11.3 14.6 

10  50.6 12.0 14.6  52.0 11.5 14.9 

15  49.9 12.2 16.2  51.7 11.3 15.1 

Fe

20  50.3 12.1 15.6  50.9 11.2 15.6 

 4.8

 Glucose 1% Vol.

 (%wt.) 

L* a* b* 
(1% Glucose) 

L* a* b* 

0  70.6 7.1 11.0 71.9 6.4 10.6 

5  67.5 5.7 11.5  70.6 6.5 13.9 

10  66.6 6.5 13.6  67.6 6.1 13.0 

15  65.7 6.3 13.1  65.5 6.1 13.3 

Al

20  65.2 6.5 14.3  66.5 6.0 13.6 

5  55.5 3.4 6.3  56.4 3.5 6.1 

10  54.6 3.6 7.0  55.2 3.7 7.6 

15  55.1 3.3 7.2  55.9 3.4 7.3 

Fe 

20  55 3.6 8.6  54.2 3.6 7.9 
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 4.3.2.2  

 ISO 105 B02-1994 (E) 

 (THTI)  4.9  Glucose 

 5-20%

 Glucose 

 4.9

 Glucose 1% Vol.

 (%wt.) non Glucose 1%Glucose (by vol.) 

5 4-5 4 

10 4-5 4 

15 4-5 4 

20 4-5 4 

5 3 3 

10 3 3 

15 3 3 

20 3 3 

5 4-5 4 

10 4 4 

15 4 4 

Fe 

20 4 4 

 :  (THTI) 
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 pad 

 pad 

 4.4 

 pad 

 5-20%

 pad  1×5  4 

 1×2.5 

 4  1,2, 3  4 

 4  (CIE DL* Da* 

Db*)  (fading rate)  4 

 4.4.1  (Cassia siamea Lamk.) 

 4.11 

 20%
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(a)

(b)

(c)

  4.11  (a)  (Al
2
(SO

4
)

3
.18H

2
O),

(b)  (CuSO
4
.5H

2
O)  (c)  (FeSO

4
.7H

2
O)   5-20% 
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4.5.2  (Diospyros mollis Griff.) 

 4.12 

 3 
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(a)

(b)

(c)

 4.12  (a)  (Al
2
(SO

4
)

3
.18H

2
O),

(b)  (CuSO
4
.5H

2
O)  (c)  (FeSO

4
.7H

2
O)   5-20% 
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 4.5.3  (Cocos nucifea Linn.) 

 4.13 

 3 
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(a)

(b)

(c)

 4.13  (a)

(Al
2
(SO

4
)

3
.18H

2
O), (b)  (CuSO

4
.5H

2
O)  (c)  (FeSO

4
.7H

2
O)

 5-20% 
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 20%

 4-5 

 1 

 2  4  2 

 8 

4.5

Blue wool standard  light fastness 

 4.14 

 5 

 1.   light fastness  Blue wool standard  1-8 

 2  5-10 

 light fastness  blue wool standrad 

 1-8  4.10  50%  1, 2, 3  4 

 1, 2, 3  4 

 2.   light fastness 

 blue wool standard 

 light fastness 

 7  2 

5-10  light fastness 

 47.14%  34.29% 
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 4.14

 4.10  Blue wool standard 

Blue wool Blue wool 

 1    5   

 2    6   

 3    7   

 4    8   

 light fastness 

Blue wool standard  1-4 

 5-8 

 4 

 4 
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 ISO 105 

B01-1994 colour fastness to light : Daylight  4 

 2 

 4 

 4 

 20%  4-5 

 2.

 28 

 20%

 1  Blue wool standards 

 ISO 105 B01-1994 colour fastness to light: Daylight  8 

 2  836 lux. 

 Blue wool standard  7 

 grey scale  4/5 

 ISO 105 B02-1994 (E) 

 (THTI)  4.11  4.12 

 71.42% 

 4 

 21 

 4  100% 

 4 

 7  4 

 71.43% 
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 4.11  28 

 1  ISO 105 B01-1994 

Colour fastness to light: Daylight

 ISO 105 B02-1994 (E) 

(THTI)

 ISO 105 

B01-1994 Colour fastness 

to light: Daylight 

 ISO 

105 B02-1994 (E) 

 ISO 105 B01-1994 

Colour fastness to light: Daylight 

 1 1 1 4

 2 1 1-2 4

 3 2 1-2 4

 4 2 2 4

 5 3 2 4

 6 3 2 4

 7 3 2 4

 8 2-3 2-3 4

 9 3 2-3 4

 10 3 2-3 4

 11 3 2-3 4

 12 3 2-3 4

 13 3 2-3 4

 14 3 2-3 4

 15 3 2-3 4

 16 3 2-3 4

 17 3 3 4

 18 3 3-4 4

 19 4 4 4
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 ISO 105 

B01-1994 Colour fastness 

to light: Daylight 

 ISO 

105 B02-1994 (E) 

 ISO 105 B01-1994 

Colour fastness to light: Daylight 

 20 4 4 4

 21 4 4 4

 22 1 4-5 >4

 23 4 >5 >4

 24 5 5 >4

 25 7 5 >4

 26 7 5 >4

 27 7 >5 >4

 28 7 7 >4

  :  * =  14 

 4.12 

 1   4

 2   4

 3   4

 4   4

 5   4
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 6   4

 7   4

 8   4

 9   4

 10   4

 11   4

 12   4

 13   4

 14   4

 15   4

 16   4

 17   4

 18   4

 19   4

 20   4

 
 
 
 

 
 
 
 

 
 



97

 21   4

 22   4

 23   4

 24   >4 

 25   >4 

 26   >4 

 27   >4 

 28   >4 

  4-5 

 3.

 28 

 1×5  4  1×2.5 

 4 

 1,2, 3  4  4 

 (CIE DL* Da* Db*)  ColorReader Konica Minolta CR-10 

GretagMacbeth :The Judge  (fading rate) 

 4 
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 4.15  ( E)

 1-4 

 2  836 lux. 

 23 

 4  23 

 ISO 105 B02-1994 (E) 

 (THTI)  21 

 4 

 91.30%

 4  2 

 100% 
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 4.15   ( E)  1-4 

 20%

 light fastness test kit  4.16 

 11×25.5  14  7 

 1 

 3×5  2 
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 4

 4

 4.16  Light fastness test kit

 
 
 
 

 
 
 
 

 
 



101

 5

5.1

 (FeSO4.7H2O)

 (CuSO4.5H2O)

 (Al2(SO4)3.18H2O)

 pad 

 pad 

 (ITLT) 

 ITLT 

 Glucose  Chitosan 

 UV-Vis spectrophotometer 

 pad 

 20%  pad 

 4-5  2  8 

 4  90% 

 Blue wool standards 
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5.2

5.2.1

5.2.2

5.2.3

 3×5  light 

fastness test kit 
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.1  TEOS  SiO
2
1%  ITLT 

 ITLT 

 1 

 TEOS  SiO2 1%

 50 ml. 

 TEOS  =  208.33   =  0.933 g/cm
3

 SiO2       =  60.1 

 0.8000  (  1 )  1.0 ml. 

 1    =  0.8000 

 TEOS 1%    =  (0.01)(0.800) 

        =  0.00800 

Si(OC2H5)4  +   4H2O         Si(OH)4  +   4 C2H5OH 

               Si(OH)4                     SiO2       +   2H2O

 TEOS : SiO2    =  1 : 1 

 SiO2     =  (0.0080)/60.1 

        =  1.3311×10
-4

 TEOS     =  1.3311×10
-4

 TEOS    =  1.3311×10
-4
×208.33

        =  0.027731 

     =  0.027731/0.933 

        =  0.02971 ml. 

 TEOS 0.02971 ml.  1.0 ml.  50 ml. 

 TEOS 1.4855 ml.  50 ml. 

Acid condition
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.2  (%dye exhaustion) 

 (%dye fixation) 

 % dye exhaustion = {([Da]-[Db])/[Da]}×100%  

 % dye fixation = {([Da]-[Db]-[Dr])/[Da]}×100%   

 [Da] = 

   [Db] = 

   [Dr] = 

% dye exhaustion  =  {(2.9700-0.4500)/2.9700}×100% 

          =  84.85% 

% dye fixation  = {(2.9700-0.4500-0.0267)/2.9700}×100% 

     = 83.95% 

   

.3  (%W. up) 

   = 1 g. 

   = 1.95 g. 

    = 1.95-1 g. 

      = 0.95 g. 

   =   ( / ) × 100 

      = (0.95/1) × 100 

      = 95 

 95  95% 

 Conc. Abs. 

 2.9700 2.5123 

 0.4500 0.3793 

 0.0267 0.0232 
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.4  UV 

 ITLT  pad  exhaust 

 (%wt.) 
Conc.

Abs.

 276 nm. 

   2.97 2.5123 

 0 0.66 0.56 

5 0.68 0.5712 

10 0.49 0.4115 

15 0.45 0.3793 
Al

20 0.48 0.4013 

5 0.52 0.4421 

10 0.5 0.4211 

15 0.49 0.4147 
Cu 

20 0.36 0.2999 

5 0.49 0.4165 

10 0.46 0.3913 

15 0.48 0.4075 
Fe

20 0.52 0.4356 

0 0.03 0.0256 

5 0.0233 0.021 

10 0.0067 0.0054 

15 0.0267 0.0232 

Al

20 0.0033 0.0023 

5 0.0067 0.0067 

10 0.0067 0.0045 

15 0.0233 0.0203 
Cu 

20 0.0033 0.0023 

5 0.02 0.0179 

10 0.0033 0.0028 

15 0.0167 0.0145 
Fe

20 0.0067 0.0046 
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.5  UV 

 ITLT  pad  exhaust 

 (%wt.) 
Conc. 

Abs.

  264 nm.  

   3.29 1.0722 

 0 0.82 0.2669 

5 0.81 0.2639 

10 0.74 0.2417 

15 0.68 0.2226 
Al

20 0.79 0.2562 

5 0.78 0.2533 

10 0.99 0.3222 

15 0.98 0.3184 
Cu

20 0.85 0.2751 

5 0.85 0.2778 

10 0.80 0.2597 

15 0.87 0.2840 
Fe

20 0.87 0.2834 

 0 0.07 0.0229 

5 0.13 0.0407 
Al

10 0.09 0.0285 

15 0.08 0.0238 

20 0.08 0.0265 

5 0.12 0.0388 

10 0.12 0.0374 

15 0.12 0.0388 
Cu

20 0.14 0.0435 

5 0.14 0.0461 

10 0.12 0.0400 

15 0.13 0.0410 
Fe

20 0.16 0.0500 
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.6  UV 

 ITLT  pad  exhaust 

 (%wt.) 
Conc.

Abs.       

 361 nm. 

   3.72 0.2100 

 0 0.66 0.0370 

5 0.68 0.0383 

10 0.57 0.0320 

15 0.39 0.0217 
Al

20 0.17 0.0095 

5 0.80 0.0449 

10 0.73 0.0409 

15 0.57 0.0318 
Cu

20 0.53 0.0297 

5 0.69 0.0390 

10 0.61 0.0343 

15 0.60 0.0339 
Fe

20 0.55 0.0306 

 0 0.14 0.0079 

Al 5 0.11 0.0062 

10 0.18 0.0099 

15 0.12 0.0069 

20 0.09 0.0050 

5 0.14 0.0079 

10 0.12 0.0065 

15 0.17 0.0093 
Cu

20 0.25 0.0141 

5 0.21 0.0117 

10 0.15 0.0083 

15 0.14 0.0077 
Fe

20 0.23 0.0129 

 
 
 
 

 
 
 
 

 
 



1
2
2

.7
 (

C
IE

 D
L

*
 D

a*
 D

b
*

) 
 p

ad
 

 p
ad

 

 
1

 w
ee

k
 

2
 w

ee
k

 
3

 w
ee

k
 

4
 w

ee
k

 

 (
%

w
t.

) 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

 
0

 
6

4
.9

 
0

.8
 

1
9

.5
 

7
0

.4
 

5
.2

 
1

8
.5

 
7

1
.9

 
6

.4
 

1
8

.6
 

7
7

.1
 

5
.3

 
1

6
.2

 
7

8
.4

 
5

.8
 

1
7

.1
 

5
 

6
4

.9
 

1
.8

 
2

2
.7

 
7

3
.0

 
4

.3
 

1
7

.2
 

7
5

.8
 

5
.0

 
1

5
.9

 
7

9
.5

 
4

.9
 

1
4

.2
 

8
6

.1
 

5
.6

 
1

6
.3

 

1
0

 
6

5
.2

 
1

.6
 

2
4

.1
 

7
2

.0
 

4
.4

 
1

8
.5

 
7

4
.1

 
4

.8
 

1
6

.1
 

7
7

.6
 

4
.9

 
1

4
.7

 
8

3
.2

 
5

.1
 

1
6

.7
 

1
5

 
6

3
.2

 
2

.6
 

2
4

.6
 

7
0

.7
 

4
.6

 
1

9
.4

 
7

3
.3

 
4

.7
 

1
6

.8
 

7
5

.9
 

4
.8

 
1

4
.8

 
8

3
.1

 
5

.5
 

1
7

.6
 

A
l

2
0

 
6

3
.5

 
2

.2
 

2
6

.1
 

6
9

.5
 

4
.7

 
1

9
.9

 
7

2
.3

 
5

.4
 

1
8

.1
 

7
5

.8
 

5
.1

 
1

5
.6

 
8

2
.7

 
5

.7
 

1
7

.7
 

5
 

6
3

.0
 

0
.4

 
1

8
.9

 
6

7
.2

 
4

.0
 

1
8

.7
 

6
8

.3
 

4
.8

 
1

8
.0

 
7

1
.5

 
4

.8
 

1
7

.6
 

7
3

.6
 

5
.7

 
1

9
.3

 

1
0

 
6

4
.0

 
0

.4
 

2
0

.9
 

6
6

.2
 

4
.0

 
1

9
.1

 
6

8
.4

 
4

.4
 

1
8

.0
 

7
0

.3
 

4
.4

 
1

7
.2

 
7

2
.2

 
5

.0
 

1
8

.1
 

1
5

 
6

3
.5

 
0

.1
 

1
9

.5
 

6
6

.8
 

3
.8

 
1

8
.0

 
6

7
.6

 
4

.6
 

1
8

.5
 

7
0

.2
 

4
.1

 
1

6
.1

 
7

2
.2

 
5

.2
 

1
8

.9
 

C
u

2
0

 
6

2
.1

 
0

.3
 

1
9

.0
 

6
5

.1
 

3
.8

 
1

8
.5

 
6

6
.8

 
4

.3
 

1
6

.8
 

6
8

.6
 

4
.5

 
1

6
.9

 
7

0
.6

 
5

.2
 

1
8

.4
 

5
 

5
2

.6
 

1
.9

 
1

6
.9

 
4

8
.0

 
3

.7
 

1
3

.9
 

5
0

.1
 

4
.2

 
1

3
.6

 
5

1
.8

 
4

.3
 

1
3

.3
 

5
2

.7
 

4
.6

 
1

3
.7

 

1
0

 
5

4
.8

 
2

.5
 

2
0

.0
 

4
9

.9
 

4
.4

 
1

6
.8

 
5

1
.9

 
4

.9
 

1
6

.5
 

5
2

.7
 

5
.2

 
1

6
.4

 
5

3
.3

 
5

.0
 

1
5

.6
 

1
5

 
5

3
.3

 
3

.1
 

2
0

.1
 

4
8

.8
 

5
.1

 
1

7
.3

 
4

9
.3

 
5

.6
 

1
7

.2
 

5
0

.2
 

5
.6

 
1

6
.8

 
5

1
.3

 
5

.8
 

1
6

.0
 

F
e 

2
0

 
5

0
.2

 
4

.4
 

2
2

.0
 

4
7

.4
 

6
.3

 
1

9
.2

 
4

8
.7

 
6

.6
 

1
8

.9
 

4
9

.1
 

6
.8

 
1

8
.4

 
5

0
.3

 
6

.7
 

1
7

.5
 

 
0

 
3

1
.9

 
1

.3
 

2
.6

 
3

4
.9

 
4

.2
 

7
.6

 
3

9
.3

 
4

.6
 

8
.4

 
4

9
.0

 
4

.1
 

8
.1

 
5

5
.4

 
5

.5
 

1
0

.0
 

5
 

3
4

.4
 

0
.4

 
1

.9
 

3
6

.7
 

2
.9

 
4

.8
 

4
0

.1
 

3
.6

 
5

.8
 

4
6

.0
 

3
.8

 
6

.3
 

5
1

.5
 

4
.5

 
6

.8
 

1
0

 
3

5
.4

 
0

.5
 

1
.8

 
3

8
.4

 
2

.8
 

4
.5

 
4

2
.0

 
3

.6
 

5
.7

 
4

6
.7

 
3

.8
 

6
.2

 
5

0
.3

 
4

.4
 

6
.2

 

A
l

1
5

 
3

3
.0

 
0

.4
 

1
.6

 
3

6
.9

 
3

.0
 

4
.9

 
4

0
.9

 
3

.6
 

5
.9

 
4

6
.8

 
3

.8
 

6
.6

 
5

0
.5

 
4

.3
 

6
.7

 

 
 
 
 

 
 
 
 

 
 



1
2
3

 
1

 w
ee

k
 

2
 w

ee
k

 
3

 w
ee

k
 

4
 w

ee
k

 

 (
%

w
t.

) 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

2
0

 
3

2
.0

 
0

.3
 

1
.7

 
3

7
.9

 
2

.8
 

4
.8

 
4

3
.9

 
3

.6
 

5
.9

 
4

7
.6

 
3

.7
 

6
.3

 
5

3
.2

 
4

.0
 

6
.3

 

5
 

3
2

.0
 

1
.2

 
2

.6
 

3
7

.0
 

3
.6

 
6

.1
 

4
0

.1
 

4
.1

 
7

.4
 

4
5

.0
 

4
.2

 
8

.6
 

5
0

.8
 

4
.7

 
7

.8
 

1
0

 
3

7
.6

 
0

.4
 

1
.9

 
4

0
.3

 
2

.7
 

4
.8

 
4

3
 

3
.3

 
5

.6
 

4
7

.5
 

3
.5

 
7

.1
 

5
3

.3
 

3
.5

 
5

.4
 

1
5

 
3

8
.3

 
0

.4
 

1
.5

 
4

1
.3

 
2

.4
 

4
.4

 
4

1
.1

 
3

.3
 

5
.4

 
4

7
.8

 
3

.6
 

7
.4

 
5

3
.5

 
3

.6
 

6
.1

 

C
u

2
0

 
3

7
.6

 
0

.4
 

1
.5

 
3

9
.7

 
2

.5
 

4
.6

 
4

6
.2

 
3

.1
 

6
.2

 
4

9
.4

 
3

.3
 

7
.4

 
5

5
 

3
.6

 
6

.0
 

5
 

2
9

.2
 

0
.7

 
2

.8
 

3
2

.4
 

3
.0

 
6

.0
 

3
4

.7
 

3
.7

 
6

.2
 

4
0

.7
 

4
.0

 
7

.3
 

4
6

.1
 

4
.3

 
6

.9
 

1
0

 
2

9
.1

 
0

.6
 

2
.9

 
3

0
.3

 
2

.8
 

5
.2

 
3

1
.3

 
3

.8
 

6
.0

 
3

6
.9

 
4

.3
 

7
.2

 
4

3
.2

 
4

.4
 

6
.8

 

1
5

 
2

8
.7

 
0

.7
 

3
.1

 
3

0
.1

 
3

.1
 

5
.5

 
3

2
.8

 
3

.9
 

6
.6

 
3

9
.3

 
4

.6
 

8
.4

 
4

5
.4

 
5

.0
 

8
.9

 

F
e 

2
0

 
3

0
.2

 
0

.8
 

3
.8

 
3

2
.2

 
3

.4
 

6
.4

 
3

5
.3

 
4

.4
 

8
.2

 
4

1
.2

 
4

.5
 

9
.6

 
4

7
.7

 
5

.4
 

9
.2

 

 
0

 
7

2
.1

 
6

.2
 

1
8

.2
 

7
7

.9
 

4
.7

 
1

6
.9

 
8

0
.9

 
4

.5
 

1
4

.9
 

8
3

.9
 

3
.6

 
1

3
.3

 
8

5
.9

 
3

.7
 

1
4

.5
 

5
 

6
9

.7
 

5
.9

 
2

0
.9

 
7

8
.7

 
4

.1
 

1
5

.5
 

8
1

.2
 

4
.2

 
1

4
.1

 
8

4
.7

 
3

.2
 

1
3

.5
 

8
8

.1
 

4
.1

 
1

5
.3

 

1
0

 
6

8
.3

 
5

.9
 

2
1

.4
 

7
6

.6
 

4
.9

 
1

7
.1

 
7

9
.1

 
4

.8
 

1
5

.2
 

8
2

.5
 

4
.0

 
1

4
.3

 
8

6
.0

 
4

.9
 

1
6

.2
 

1
5

 
6

9
.0

 
5

.7
 

2
1

.1
 

7
6

.9
 

4
.7

 
1

7
.2

 
7

9
.7

 
4

.8
 

1
5

.4
 

8
2

.6
 

3
.9

 
1

4
.2

 
8

4
.1

 
4

.8
 

1
6

.4
 

A
l

2
0

 
6

8
.0

 
6

.3
 

2
1

.8
 

7
6

.6
 

4
.5

 
1

6
.7

 
7

9
.4

 
4

.7
 

1
5

 
8

1
.9

 
4

.2
 

1
3

.7
 

8
5

.1
 

4
.8

 
1

5
.7

 

5
 

6
3

.1
 

4
.9

 
1

9
.8

 
6

3
.0

 
5

.4
 

2
0

.4
 

6
7

.5
 

5
.3

 
1

9
.8

 
6

9
.5

 
4

.8
 

1
9

.1
 

7
1

.8
 

5
.2

 
1

9
.9

 

1
0

 
6

2
.0

 
4

.8
 

1
9

.6
 

5
9

.2
 

6
.7

 
2

1
.1

 
6

4
.8

 
5

.9
 

2
0

.6
 

6
7

.4
 

4
.8

 
1

9
.8

 
6

9
.8

 
6

.2
 

2
1

.4
 

1
5

 
6

0
.5

 
5

.3
 

2
0

.0
 

5
9

.1
 

6
.4

 
2

0
.7

 
6

4
.3

 
6

.2
 

2
1

.1
 

6
6

.2
 

5
.3

 
2

0
.5

 
6

8
.9

 
6

.0
 

2
1

.2
 

C
u

2
0

 
6

0
.3

 
4

.9
 

1
9

.6
 

5
7

.7
 

6
.8

 
2

0
.9

 
6

3
.0

 
5

.9
 

2
0

.5
 

6
4

.7
 

5
.6

 
2

0
.8

 
6

6
.3

 
5

.6
 

2
1

.3
 

 
5

 
5

5
.5

 
2

.6
 

1
1

.4
 

5
7

.4
 

3
.8

 
1

4
.4

 
5

7
.5

 
4

.2
 

1
4

.8
 

5
9

.9
 

4
.1

 
1

4
 

6
1

.9
 

4
.4

 
1

4
.3

 

 
 
 
 

 
 
 
 

 
 



1
2
4

 
1

 w
ee

k
 

2
 w

ee
k

 
3

 w
ee

k
 

4
 w

ee
k

 

 (
%

w
t.

) 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

1
0

 
5

6
.1

 
4

.6
 

1
7

.8
 

5
8

.0
 

4
.8

 
1

8
.4

 
5

8
.6

 
5

.5
 

1
8

.8
 

6
0

.2
 

5
.4

 
1

8
.0

 
6

2
.1

 
6

.1
 

1
9

.5
 

1
5

 
5

7
.5

 
4

.8
 

1
9

.3
 

5
8

.8
 

5
.9

 
2

1
.6

 
5

9
.7

 
6

.7
 

2
2

.0
 

6
0

.9
 

6
.5

 
2

1
.6

 
6

2
.9

 
6

.5
 

2
1

.5
 

F
e 

2
0

 
5

4
.3

 
5

.9
 

2
1

.4
 

5
7

.3
 

5
.9

 
2

1
.8

 
5

7
.9

 
6

.3
 

2
1

.6
 

5
9

.1
 

6
.6

 
2

2
.4

 
6

1
.9

 
6

.4
 

2
1

.3
 

 
 
 
 

 
 
 
 

 
 



1
2
5

.8
 (

C
IE

 D
L

*
 D

a*
 D

b
*

)
 I

T
L

T
 

 p
ad

 

 p
ad

 

 
1

 w
ee

k
 

2
 w

ee
k

 
3

 w
ee

k
 

4
 w

ee
k

 

 (
%

w
t.

) 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

5
 

6
1

.4
 

1
.4

 
1

6
.5

 
7

2
 

3
.1

 
1

2
.3

 
7

3
.6

 
4

.1
 

1
2

.2
 

7
7

.4
 

4
.1

 
1

0
.8

 
7

9
 

3
.9

 
1

0
.5

 

1
0

 
6

0
 

1
.5

 
1

6
.9

 
7

0
.5

 
3

.3
 

1
3

.4
 

7
2

.3
 

4
 

1
2

.3
 

7
6

.4
 

3
.9

 
1

0
.9

 
7

7
.7

 
3

.8
 

1
0

.6
 

1
5

 
6

0
.1

 
1

.3
 

1
7

 
7

0
.2

 
3

.5
 

1
3

.6
 

7
3

.2
 

4
 

1
2

.2
 

7
6

 
3

.8
 

1
0

.7
 

7
7

.2
 

4
.1

 
1

0
.9

 
A

l

2
0

 
6

1
.6

 
1

.3
 

1
7

.7
 

6
9

.9
 

3
.5

 
1

3
.8

 
7

2
.5

 
4

 
1

2
.4

 
7

6
 

4
 

1
1

.3
 

7
7

.1
 

4
 

1
1

 

5
 

5
9

.8
 

1
.3

 
1

6
.3

 
6

9
.8

 
3

.2
 

1
2

.8
 

7
1

.7
 

3
.8

 
1

2
.2

 
7

3
.9

 
3

.9
 

1
1

.7
 

7
5

.1
 

3
.9

 
1

1
.9

 

1
0

 
5

9
.8

 
0

.9
 

1
4

.9
 

6
8

.5
 

3
.4

 
1

3
.2

 
7

1
 

3
.8

 
1

2
.1

 
7

3
.7

 
3

.8
 

1
1

.8
 

7
4

.2
 

3
.9

 
1

2
.2

 

1
5

 
5

9
.9

 
0

.9
 

1
5

.4
 

6
7

 
3

.6
 

1
3

.6
 

7
0

.5
 

3
.9

 
1

2
.8

 
7

2
.8

 
3

.9
 

1
2

 
7

3
.2

 
3

.8
 

1
1

.8
 

C
u

2
0

 
5

9
.1

 
1

 
1

5
.4

 
6

8
.1

 
3

.2
 

1
3

.2
 

6
9

.5
 

3
.8

 
1

2
.4

 
7

3
.2

 
3

.8
 

1
1

.8
 

7
3

.7
 

3
.7

 
1

2
 

5
 

5
5

 
1

.5
 

1
3

.3
 

6
1

.5
 

2
.4

 
1

0
.2

 
6

3
.2

 
2

.9
 

9
.6

 
6

6
.2

 
3

 
9

.2
 

6
3

.8
 

3
.1

 
9

.9
 

1
0

 
5

4
.9

 
1

 
1

1
.9

 
6

0
 

2
.4

 
1

0
.6

 
6

1
.9

 
3

 
1

0
.2

 
6

3
.9

 
3

.2
 

9
.5

 
6

2
.7

 
3

.3
 

9
.7

 

1
5

 
5

3
.7

 
1

.5
 

1
3

.3
 

6
0

.9
 

2
.3

 
1

0
.1

 
6

2
.1

 
2

.8
 

9
.9

 
6

4
.7

 
3

 
9

.1
 

6
2

.9
 

3
.1

 
9

.6
 

F
e 

2
0

 
5

3
.8

 
1

 
1

1
.8

 
5

8
.7

 
2

.4
 

1
0

.5
 

6
0

.4
 

2
.9

 
1

0
.1

 
6

2
.8

 
3

.1
 

9
.7

 
6

2
.4

 
3

 
9

.2
 

 
0

 
4

0
.2

 
1

.7
 

4
.1

 
4

5
.1

 
3

.8
 

8
.2

 
5

1
.3

 
4

.3
 

8
.5

 
6

3
.5

 
3

.4
 

7
.6

 
6

7
.5

 
3

 
7

 

5
 

3
7

.8
 

1
.6

 
3

.6
 

4
1

 
3

.5
 

6
.7

 
4

7
.8

 
3

.9
 

7
.6

 
5

7
.2

 
3

.2
 

6
.5

 
6

1
.2

 
2

.9
 

6
.6

 

1
0

 
3

6
.5

 
1

.7
 

3
.7

 
4

1
.2

 
3

.5
 

6
.9

 
4

5
.2

 
3

.8
 

7
 

5
6

.9
 

3
.1

 
6

.2
 

5
9

.7
 

2
.9

 
6

.2
 

A
l

1
5

 
3

7
.1

 
1

.5
 

3
.3

 
3

9
.9

 
3

.7
 

6
.8

 
4

5
.1

 
3

.9
 

7
.2

 
5

7
.3

 
3

.4
 

6
.6

 
5

9
.3

 
2

.9
 

6
.4

 

 
 
 
 

 
 
 
 

 
 



1
2
6

 
1

 w
ee

k
 

2
 w

ee
k

 
3

 w
ee

k
 

4
 w

ee
k

 

 (
%

w
t.

) 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

2
0

 
3

6
 

1
.5

 
3

.4
 

3
9

.9
 

3
.5

 
6

.5
 

4
5

.7
 

3
.6

 
6

.9
 

5
7

.6
 

3
 

6
.1

 
5

8
.8

 
2

.9
 

6
 

5
 

3
4

.1
 

1
.4

 
2

.6
 

4
3

.1
 

3
.6

 
7

.2
 

4
4

.2
 

4
.1

 
7

.5
 

5
3

 
3

.7
 

8
.1

 
5

5
.6

 
3

.3
 

8
 

1
0

 
3

8
.5

 
1

.6
 

3
.1

 
4

1
.6

 
3

.7
 

6
.7

 
4

4
.6

 
3

.8
 

7
.1

 
5

3
 

3
.6

 
8

.4
 

5
7

 
3

.2
 

8
.2

 

1
5

 
3

6
.5

 
1

.6
 

2
.9

 
3

9
.4

 
3

.3
 

6
.1

 
4

3
.9

 
4

.1
 

7
.6

 
5

2
.4

 
3

.6
 

8
 

5
7

.6
 

3
.1

 
8

 
C

u

2
0

 
3

8
.3

 
1

.4
 

2
.9

 
4

1
.7

 
3

.1
 

6
.3

 
4

3
.3

 
3

.6
 

7
 

5
1

.5
 

3
.6

 
7

.8
 

5
7

 
3

.2
 

8
.1

 

5
 

4
0

.2
 

1
.3

 
3

.5
 

3
9

.4
 

3
.2

 
6

.4
 

4
3

.8
 

3
.7

 
7

.2
 

5
1

 
3

.5
 

7
.3

 
5

2
.2

 
4

 
8

.7
 

1
0

 
3

8
.7

 
1

.3
 

3
.3

 
4

1
.7

 
3

.2
 

6
.5

 
4

3
.2

 
3

.7
 

7
.2

 
5

1
.1

 
3

.2
 

6
.6

 
5

3
.1

 
3

.5
 

7
.5

 

1
5

 
3

9
.8

 
1

.1
 

3
.7

 
3

8
.9

 
3

 
6

.2
 

4
3

.3
 

3
.6

 
7

.4
 

5
1

.6
 

3
.3

 
7

.1
 

5
2

.7
 

3
.8

 
8

.5
 

F
e 

2
0

 
3

9
.7

 
1

.1
 

3
.8

 
4

1
.3

 
3

.2
 

7
.3

 
4

5
.5

 
3

.5
 

7
.8

 
4

9
.3

 
3

.7
 

7
.9

 
5

0
.4

 
3

.7
 

8
.1

 

 
0

 
7

4
.5

 
7

.5
 

1
7

.9
 

7
9

.6
 

3
.1

 
1

4
.9

 
8

2
.1

 
3

.9
 

1
3

.1
 

8
4

.6
 

3
.2

 
1

2
.2

 
8

5
.7

 
2

.8
 

1
1

.6
 

5
 

7
4

.2
 

6
.3

 
1

8
.1

 
7

9
.6

 
3

.7
 

1
4

.8
 

8
2

.2
 

3
.3

 
1

2
.6

 
8

4
.8

 
3

.1
 

1
2

.1
 

8
5

.8
 

2
.8

 
1

1
.5

 

1
0

 
7

4
.5

 
6

.4
 

1
8

.1
 

7
9

.5
 

3
.5

 
1

5
 

8
2

.4
 

3
.7

 
1

2
.8

 
8

5
 

3
 

1
2

 
8

5
.6

 
2

.9
 

1
1

.7
 

1
5

 
7

3
.9

 
6

.6
 

1
8

.6
 

8
0

 
3

.7
 

1
5

.2
 

8
1

.9
 

3
.9

 
1

3
 

8
5

 
2

.8
 

1
2

.4
 

8
4

.9
 

2
.8

 
1

1
.5

 
A

l

2
0

 
7

4
.1

 
6

.5
 

1
8

.8
 

8
0

.1
 

3
.6

 
1

5
 

8
2

.1
 

3
.7

 
1

2
.9

 
8

4
.9

 
3

.1
 

1
2

.8
 

8
5

.6
 

2
.9

 
1

1
.5

 

5
 

6
8

.7
 

5
.9

 
1

7
.1

 
7

1
.6

 
4

.4
 

1
8

.7
 

7
4

.1
 

4
.2

 
1

7
.6

 
7

6
 

3
.4

 
1

6
.4

 
7

7
 

3
.3

 
1

6
.3

 

1
0

 
6

9
.4

 
5

.8
 

1
7

.1
 

7
1

.2
 

4
.5

 
1

8
.7

 
7

3
.4

 
4

.6
 

1
7

.4
 

7
6

 
3

.6
 

1
6

.7
 

7
7

.3
 

3
.3

 
1

6
.1

 

 
6

9
.3

 
5

.7
 

1
6

.7
 

7
1

.7
 

4
.4

 
1

8
.4

 
7

3
.8

 
3

.9
 

1
7

.2
 

7
5

.7
 

3
.7

 
1

6
.5

 
7

6
.4

 
3

.3
 

1
6

.4
 

C
u

2
0

 
6

8
.6

 
5

.8
 

1
6

.9
 

7
1

.4
 

4
.2

 
1

8
.4

 
7

3
.3

 
4

.4
 

1
7

.8
 

7
5

.7
 

3
.5

 
1

6
.5

 
7

6
.3

 
3

.3
 

1
6

.4
 

5
 

5
9

.4
 

3
.8

 
7

.3
 

6
4

.6
 

2
.3

 
1

1
.1

 
6

5
.5

 
3

 
1

0
.7

 
6

6
.5

 
3

.3
 

1
0

.5
 

6
3

 
3

.7
 

1
2

 
F

e 

1
0

 
6

0
.4

 
3

.9
 

7
.6

 
6

4
.4

 
2

.4
 

1
1

.2
 

6
5

.6
 

3
 

1
1

 
6

7
.2

 
3

.2
 

1
0

.5
 

6
5

.2
 

3
.5

 
1

0
.9

 

 
 
 
 

 
 
 
 

 
 



1
2
7

 
1

 w
ee

k
 

2
 w

ee
k

 
3

 w
ee

k
 

4
 w

ee
k

 

 (
%

w
t.

) 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

L
*

 
a

*
 

b
*

 
L

*
 

a
*

 
b

*
 

1
5

 
6

0
.4

 
3

.6
 

7
.3

 
6

4
.1

 
2

.5
 

1
1

.5
 

6
5

.3
 

3
 

1
1

.1
 

6
6

.9
 

3
.1

 
1

0
.7

 
6

3
.6

 
3

.4
 

1
0

.9
 

2
0

 
5

9
.2

 
3

.8
 

7
.6

 
6

3
.6

 
2

.3
 

1
1

.1
 

6
4

.9
 

2
.9

 
1

0
.7

 
6

6
.6

 
3

.1
 

1
0

.8
 

6
3

.8
 

3
 

1
0

.4
 

 
 
 
 

 
 
 
 

 
 



128

 
 
 
 

 
 
 
 

 
 



129

-

  114/19  2 

  10160  0-2803-0828 

Email Address yellow_poly16@hotmail.com 

. . 2547  ( )   

. . 2548 

. . 2546 .  ( )    

1. Volker Rossbach.(2548). 

. ISBN 974-9624-85-8 

.

10-11 . . 2550 

 1 .

Light Fastness of Natural Dyed Silk with  

    Metal Modants .

 
 
 
 

 
 
 
 

 
 


	Title_page
	Abstract
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Bibliography
	Appendix
	History



