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Fabric Dyeing with Indigo and Japanese Pagoda Tree for Color Mixture (I)
- Treatment on Cellulose Fabrics -
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Abstract— The color mixture, obtained from Indigo and Japanese pagoda tree, was applied to cellulose fibers such as cotton,
linen and rayon to diversify color gamut of natural dyes. The color mixture was tried with two different methods. The first process
was that cellulose fibers were dyed with 5~25% owf Japanese pagoda tree solution, and then dyed 1 to 4 times with Indigo. The
second process was dyeing 1 to 7 times with Indigo, followed by dyeing with 5~25% owf Japanese pagoda tree solution. K/S value
of the dyed fibers with one colorant and color mixture increased in the order of linen, cotton, rayon. It was also found that the first
process could give higher K/S values than the second process.
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Table 1. Characteristics of fabrics
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Cotton plain 105 94 80+5 0.21+0.02
Linen plain 63 45 55+2 0.31+0.02
Rayon plain 88 55 75+5 0.12
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where, K : absorption coefficient of dyed material
S : scattering coefficient of dyed material

R : reflectance
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Fig. 1. Relationship between K/S value and dyeing

concentration of cotton, linen and rayon fabrics dyed

Japanese pagoda tree.
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Table 2. H V/C value of cotton fabrics according to
change of dyeing concentration

Dyeing concentration

(% owf) H(V/O)
5 0.82P 9.04/1.31
10 5.81Y 8.91/1.89
15 517Y 8.72/1.98
20 6.94Y 8.82/1.82
25 6.65Y 8.80/2.29

—

Table 3. H V/C value of linen fabrics according
change of dyeing concentration

Dyeing concentration

(0]

(% ow) H(V/C)
5 3.76Y 8.92/0.74
10 6.16Y 8.81/1.79
15 6.06Y 8.74/2.43
20 6.15Y 8.63/2.92
25 5.5Y 8.64/2.99

Table 4. H V/C value of rayon fabrics according to
change of dyeing concentration

Dyeing concentration

(% owf) H(V/C)
5 6.70Y 8.82/1.64
10 8.60Y 8.59/2.91
15 8.97Y 8.72/3.58
20 8.67Y 8.73/4.12
25 8.18Y 8.69/4.48
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Table 5. H V/C value of cotton fabrics dyed for
repeating times of dyeing

Repeating times H(V/C)
1 4.11PB 6.60/6.81
3 3.53PB 6.17/6.67
5 3.52PB 5.79/6.76
7 3.30PB 5.66/6.48

Table 6. H V/C value of linen fabrics dyed for
repeating times of dyeing

Repeating times H(V/C)
1 1.38PB 6.30/4.83
3 1.41PB 5.90/4.83
5 1.13PB 5.54/4.97
7 1.06PB 5.47/4.83

Table 7. H V/C value of rayon fabrics dyed for
repeating times of dyeing

Repeating times H(V/C)

1 0.54PB 5.58/4.90

3 0.45PB 4.70/4.97

5 0.83PB 4.08/5.31

7 0.49PB 4.06/4.69
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Fig. 5. K/S value of rayon fabric dyed with Japanese
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Table 8. Color values of cotton fabrics dyed with Japanese pagoda tree topping indigo

Dyeing Repeating

Fabric - - L* a* b* AE H(V/C)
concentration(% owf) times
Standard 93.19 4.76 -14.43 0.00 8.88PB(9.21/3.83)
1 65.72 -3.41 2221 29.70 2.72PB(6.40/5.87)
5 2 58.80 332 24.83 36.83 2.60PB(5.71/6.39)
3 57.96 2.90 24.18 37.35 2.76PB(5.63/6.20)
4 56.57 2.98 23.67 38.55 2.69PB(5.49/6.06)
1 65.57 -5.20 -18.38 29.63 1.41PB(6.39/5.03)
10 2 59.30 4.75 21.31 35.87 1.77PB(5.76/5.61)
3 57.39 -3.80 22.42 37.67 2.24PB(5.57/5.80)
4 55.76 -3.39 2273 39.20 2.41PB(5.41/5.83)
1 63.98 -6.83 -15.37 31.45 9.83B (6.23/4.37)
Cotton 5 2 59.15 -5.92 -18.09 35.87 0.72PB(5.75/4.90)
3 57.22 3.94 21.68 37.71 2.12PB(5.55/5.62)
4 55.29 -3.80 21.81 39.56 2.12PB(5.36/5.62)
1 64.28 -8.29 -11.87 31.83 7.56B (6.26/3.63)
20 2 59.15 -6.07 -17.85 35.89 0.60PB(5.75/4.84)
3 56.89 -5.16 -19.53 37.98 1.27PB(5.52/5.16)
4 55.46 -4.07 21.23 39.34 1.95PB(5.38/5.49)
1 65.30 “71.78 -13.28 30.61 8.59B (6.36/3.94)
25 2 60.02 -5.79 -18.39 35.04 0.87PB(5.83/4.98)
3 57.31 -4.89 -20.69 37.69 1.56PB(5.56/5.43)
4 55.80 -3.76 21.59 39.02 2.16PB(5.41/5.57)

Table 9. Color values of linen fabrics dyed with Japanese pagoda tree topping indigo

. Dyein, Repeatin
Fabric concentrazionf% owf) times : L* a b AE HOVIO)
Standard 91.81 1.94 -3.62 0.00 1.55P (9.07/1.48)
1 64.13 -5.82 -16.46 3148 0.71PB(6.24/4.59)
5 2 56.83 -5.75 -19.75 39.28 0.94PB(5.52/5.23)
3 56.23 -5.69 -18.24 39.22 0.75PB(5.46/4.86)
4 55.75 -5.36 -17.76 39.42 0.87PB(5.41/4.72)
1 63.15 -7.72 -13.28 31.75 8.53B (6.15/3.92)
10 2 56.90 -6.83 -16.67 38.29 9.80B (5.52/4.55)
3 55.07 6.33 -17.26 40.05 0.15PB(5.34/4.62)
4 54.24 591 -17.32 40.75 0.41PB(5.26/4.61)
1 61.81 -8.54 -12.10 32.90 7.34B (6.01/3.69)
Linen 15 2 56.24 -7.36 -16.06 38.82 9.29B (5.46/4.43)
3 55.51 6.27 -16.22 39.29 0.02PB(5.39/4.38)
4 54.07 -5.86 -16.80 40.73 0.35PB(5.24/4.47)
1 62.00 9.32 -9.93 3248 5.60B (6.03/3.28)
20 2 57.03 -7.68 -14.35 37.65 8.61B (5.54/4.07)
3 54.83 -6.74 -16.39 40.07 9.68B (5.32/4.44)
4 53.70 -6.15 -16.66 41.08 0.11PB(5.21/4.44)
1 63.01 -9.49 -9.39 31.52 5.11B (6.13/3.18)
25 2 58.41 -7.94 -13.36 36.17 8.13B (5.67/3.89)
3 56.87 -7.03 -14.50 37.68 9.09B (5.52/4.06)
4 55.08 6.26 -15.82 39.57 9.91B (5.34/4.27)
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Table 10. Color values of rayon fabrics dyed with Japanese pagoda tree topping indigo

. Dyeing Repeating
Fabric L* a* b* AE H(V/C)
concentration(% owf) times
Standard 9146  0.17 427 000  2.37Y (9.04/0.54)
1 5903 906 1478 3865 7.87B (5.73/4.30)
s 2 4988 707  20.62 4895 0.03PB(4.84/5.38)
3 4711 <717 -1874 5045 9.53B (4.57/4.88)
4 4483 658  -19.62 5278 9.95B (4.35/5.01)
1 5720 1070  -1258  39.61 5.86B (5.55/3.95)
0 2 4786  -1061  -1501  48.80 6.41B (4.64/4.32)
3 4612 -840  -17.34 5089 8.36B (4.47/4.61)
4 4271 683 1954 5466 9.70B (4.14/4.97)
1 5825 1450 509 3736 8.22BG(5.66/3.18)
Rayon 5 2 5057 -12.80 1044 4526 2.96B (4.90/3.73)
3 4600  -878  -1809 5139 8.29B (4.46/4.82)
4 4332 737 1861 5379 9.20B (4.20/4.80)
1 5688 1527 425  38.69 7.08BG(5.52/3.24)
0 2 5032  -13.16  -1022 4551 2.57B (4.88/3.73)
3 4627 1036  -1544 5035 6.62B (4.49/4.35)
4 4421 789  -1851  53.02 8.90B (4.29/4.82)
1 5891  -1660  0.87 3682 3.68BG(5.72/3.19)
’s 2 5205 -1408 817 4361 0.60B (5.05/3.58)
3 4765  -1003  -16.14 4933 7.08B (4.62/4.50)
4 4591 784 1815 5135 8.94B (4.45/4.76)
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Table 11. Color values of cotton fabrics dyed with indigo topping Japanese pagoda tree

. Repeating Dyeing
Fabric - - L* a*¥ b* AE H(V/C)
times concentration(% owf)
Standard 93.19 4.76 -14.43 0.00 8.88PB(9.21/3.83)
5 68.44 -3.47 -19.66 26.61 2.58PB(6.68/5.29)
10 67.56 -6.00 -14.51 27.81 0.32PB(6.59/4.14)
1 15 67.03 -7.38 -11.63 28.98 8.31B (6.54/3.52)
20 67.02 -10.12 -5.65 31.37 1.56B (6.54/2.53)
25 66.46 -11.24 -2.90 3322  7.40BG(6.48/2.31)
5 63.95 -3.02 2147 31.07  2.83PB(6.23/5.66)
10 63.09 -5.74 -17.27 32.01 0.84PB(6.14/4.77)
3 15 62.80 -1.57 -13.49 32.81 8.69B (6.11/3.97)
20 62.44 9.14 9.78 34.07 5.64B (6.07/3.24)
Cotton 25 62.67 -9.99 -7.28 34.64 3.15B (6.10/2.81)
5 60.28 2.57 -23.50 3492  3.01PB(5.86/6.07)
10 59.50 -4.63 -20.17 3544 1.72PB(5.78/5.34)
5 15 59.58 -7.33 -14.51 3572 9.03B (5.79/4.14)
20 59.10 -7.99 -13.70 36.41 8.23B (5.74/3.98)
25 58.71 -9.26 -10.92 37.39 6.04B (5.70/3.46)
5 58.34 -3.09 22.09 36.54  2.65PB(5.67/5.71)
10 58.33 -5.44 -17.96 36.50  0.95PB(5.66/4.83)
7 15 57.39 -7.83 -13.30 3797 8.14B (5.57/3.85)
20 57.32 -9.07 -10.82 38.62 6.07B (5.56/3.40)
25 58.32 -10.27 -8.49 38.44 3.65B (5.66/3.07)

Table 12. Color values of linen fabrics dyed with indigo topping Japanese pagoda tree

. Repeating Dyeing
Fabric - - L* ax b* AE
times concentration(% owf) H(V/C)
Standard 91.81 1.94 -3.62 0.00 1.55P (9.07/1.48)
5 65.45 -6.57 -12.56 29.11 9.24B (6.38/3.68)
10 65.37 -8.42 -8.39 28.79 5.28B (6.37/2.86)
1 15 64.51 -10.25 -4.62 29.92 0.07B (6.28/2.37)
20 64.45 -11.08 2.51 30.32 6.80BG(6.28/2.24)
25 64.12 -12.12 0.22 31.25 3.45BG(6.24/2.26)
5 61.21 -6.15 -14.42 33.45 9.96B (5.95/4.08)
10 60.26 -7.99 -11.34 33.97 7.28B (5.86/3.45)
3 15 61.15 -8.71 9.03 32.90 5.40B (5.95/3.02)
20 60.62 -10.35 -5.62 33.59 0.98B (5.89/2.55)
Linen 25 60.40 -10.74 -4.83 33.90 9.74BG(5.87/2.48)
5 58.64 -5.92 -16.13 36.31 0.35PB(5.70/4.42)
10 58.13 -6.85 -13.73 36.25 9.06B (5.64/3.90)
5 15 56.99 -9.00 -10.12 37.08 5.68B (5.53/3.24)
20 57.83 -9.54 -8.79 36.24 4.37B (5.61/3.03)
25 57.04 -10.92 -6.54 37.19 1.32B (5.54/2.80)
5 57.23 -6.14 -15.01 37.30 9.87B (5.56/4.13)
10 57.57 -7.62 -12.08 36.54 7.79B (5.59/3.55)
7 15 56.99 -9.05 -8.84 36.89 4.74B (5.53/2.97)
20 57.11 -9.88 -7.60 36.87 3.09B (5.54/2.84)
25 56.81 -11.14 -5.26 37.40 9.72BG(5.51/2.63)
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Table 13. Color values of rayon fabrics dyed with indigo topping Japanese pagoda tree

. Repeating Dyeing
Fabric : - L* a* b* AE H(V/C)
times concentration(% owf)
Standard 91.46  0.17 4.27 0.00  2.37Y (9.04/0.54)
5 5936  8.78 1231 37.14  7.12B (5.77/3.73)
10 5827  -11.64 9.78 37.82  3.73B (5.66/3.50)
1 15 57.84  -13.29 5.73 37.45  9.24BG(5.62/3.06)
20 5839  -14.66 1.52 36.57  4.46BG(5.67/2.88)
25 58.18  -16.07 2.25 3695  9.77G (5.65/2.96)
5 4792 711 1732 49.09  9.34B (4.64/4.55)
10 48.13 923 13.05 4753  6.54B (4.67/3.76)
3 15 4836  -10.88 1031  46.75 3.91B (4.698/3.42)
20 4785  -12.87 ©.85 46.76  9.80BG(4.64/3.18)
Rayon 25 48.11  -12.83 6.82 46.50  9.83BG(4.66/3.16)
5 4258 572 19.78 5476 0.38PB(4.13/4.96)
10 4349 762 1690 5296  8.65B (4.22/4.40)
5 15 4291 9.57 1404 5273  6.38B (4.16/3.92)
20 4261  -11.16  -1089 5232  3.69B (4.13/3.49)
25 4219 1207 9.77 5260  2.31B (4.09/3.41)
5 4204 648 1667 5404  9.32B (4.08/4.24)
10 42.41 -8.70 -13.40  52.83  6.66B (4.11/3.69)
7 15 4261 1123 8.57 5171  1.95B (4.13/3.11)
20 4204  -11.98 7.41 52.14  0.49B (4.08/3.06)
25 4192 -12.26 -7.56 5235  0.45B (4.07/3.13)
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