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Abstract

This study was performed to investigate the effect of mordants on the dyeability, colorfastness to light and to
Jaundering and biological properties of mordanted and natural—dyed cotton and silk substrates. Natural red dyes were
extracted from Caesalpinia Sappan L.(Sappan wood) and Rubia Akane Nakai(Madder) by boil water. Five different
compounds of Al Cr, Cu, Fe and Sn were used as mordanting agents.

The result of this study are sumarized as follows ;

1. In the case of the fabrics mordanted and dyed with sappan wood, K/S value increases and Amax shifts to the
longer wavelength as mordant concentration increases. Color of the fabrics dyed with sappan wood and madder
change to redder, bluer and lighter after mordanting.

2. As the number of repetition of dyeing—mordnating process increase, the color of the dyed fabrics tend to be
redder, bluer, and darker. Mordanted dyes with Al and Sn make chroma increase, The quantity of mordant
absorbed in the silk fabric increase as mordant concentration increase, More Fe is absorbed in silk than Cr is.

3. After being exposed to light, the fabrics dyed with sappan wood and madder change to less red. Fe and Cu
mordanting yeild better colorfastness to light than others does. Natural—dyed fabrics exposed to light tend to be
faded and whitened in a CIELAB chromaticity co—ordinates. So, we might trace back the original color of ancient
faded fabrics by changes in color of natural dyes.

4. After washing, the colors of natural dyes change to more blue. Fe and Cu mordanting give better colorfastness to
wash than others do.

5. The soil—burial cotton is more susceptible to mildew and rot than the silk is, Antimicrobial activity of the
natural —dyed cotton can be enhanced by Cu and silk can be enhanced by Cu and Cr mordanting rgspectively.
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@ Fe wFAl : Ferrous Chloride (FeCl, - 4H,0)

Table 1. Characteristics of fabrics

Specification Material Cotton Silk
Fiber content(%) 100 100
Weave plain plain
Density (/5cm) 141X 135 276 X192
Yarn warp 30'S 21D
count weft 30'S 21D
Weight(g/m”) 100+5 251~272
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® Cu " @A) : Copper(Il) Acetate Monohydrate
(Cu(CHL00), - H0)

@ Sn " gA : Tin(1) Chloride (SnCl, - 2H0)

® Cr "1 g4 : Chromium (1) Nitrate
Ninehydrate(Cr(NOs), - 9H0)
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Fig. 1. Absorbancy of the red dyes from Caesalpinia
Sappan, L. and Rubia Akane Naka
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Table 2, K/S and Amax of the silk fabrics dyed with
Caesalpinia Sappan, L. and various mordants

mordant (%)
conc.,

005§ 01 05 1 5 10

K/S| 427 | 515 | 797 | 112 | 128 | 121
Al | Amax | 460 | 460 | 520 | 520 | 520 | 520
4dE | 164 | 201 | 344 | 366 | 366 | 365
K/S| 269|364 | 833 | 10 | 103 | —
Cr | Amax | 460 | 460 | 540 | 540 | 560 | —
AE | 234 | 305 | 437 | 454 | 478 | —
K/S| 397 | 542 | 877 | 105 | 163 | 163
Cu | Amax | 460 | 460 | 520 | 520 | 520 | 520
4dE | 144§ 259 | 37 | 406 | 491 | 499
K/S| 806 | 908 | 147 | 156 | 186 | 189
Fe | Amx | 460 | 480 | 540 | 540 | 520 | 500
4dE | 392 | 413 | 555 | 561 | 579 | 579
K/S| 297 |33 | 39 | 457 | 103 | 81
Sn | Amax | 460 | 460 | 520 | 520 | 540 | 540
4dE | 174 | 195 | 244 | 284 | 391 | 384
WM* K/S:515 Amax(nm) : 460

WM* : Without Mordant

S AR gAY FE7} Skl wel 93
Fol F7ek Yo Antdoz wgx Lot 1
~5%Atolol A Hatere] Zrhgo] E3EHE AFgS
Hol3 o, Alz Cre] ASolE 1%l G3to
Aol 23l o]23 1 Cu, Fe, Sne 1%7} %7+
& FEAA T3t HAS Rog A

HAES Axte] W3l E3 digA Erxe v}
of met FA F7H8ta ok wgA B2 AsE
A o Azpe] ZrhEko] AL 05%CIMEE =7}
ZFol F3t7 ol dolu, HAE wgA &7t 1
~5%Atolol Aate) WMzt A9 glojA T itk &
1% 5%° ¥ NEZr] A4 AolE {gos
Aol AW 4 Qlormz . ol ujdA] oke)
7t EOE 9nrt glojgy B 5 ) o):
FAFK/Sg S Aol vy o) EUE Al
F Cr& 1%9014 Cu, Fe, Sne 1%S 7 d= =
ZolA gl A THE o|FEE 0F FHAF
L2 F5% F Utk XIE o|F = A 5
daglo]l vigAle] %S Wol Zozy w4y 5
de FHLAE At ulelM A & W 3
Haor & RREo2 Alztdr)

— 791 —



28

Table 3, K/S and Amax of the cotton fabrics dyed
with Caesalpinia Sappan, L. and various

mordants
Mordant Al | Cr Cul| Fe ! Sn |WM'
1% 251 | 211 428 | 604 | 154
K/S —— 103
5% 166 | 169 379 | 575 499
Amax(nm) | 520 | 540 | 540 | 520 | 520 | 460

WM : Without Mordant
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Table 4. Changes in color and color difference of the silk fabrics and cotton fabric dyed with Caesalpinia
SappanL. and various mordants(conc, 5% ow.f.)

Fabric Silk Cotton
Mordant wM* Al Cr Cu Fe Sn | WM | Al Cr Cu Fe Sn
L* 575 349 304 231 189 384 713 572 54.2 419 343 45
a* 242 3B 203 138 295 394 865 192 126 12 6.45 324
b 3638 115 —2.36 33 —0.86 6.18 21 548 011 1.90 —248 389
4E — 36.6 478 49,1 579 39.1 — 235 213 352 439 394
H H 331YR | 272R | 5.94RP | 388R | 477RP | 0.10R | 651YR 1.22R | 643RP | 961RP | 1.96RP | 897RP
A\ 5.58 3.39 297 225 184 373 6.97 555 5.26 407 333 436
V/C) C 7.86 823 399 2.74 0.56 865 388 4.60 3.10 2.55 1.32 724

WM* : Without Mordant
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Table 5, K/S value and Amax of the silk fabrics and
cotton fabrics dyed with Rubia Akane Nakai
and various mordants (conc, 5% ow.f))

Fabrif Mordant | Al | Cr | Cu | Fe | Sn |WM"*
01%] 202 | 221 | 221 | 222 | 202
Silk K/S| 1% | 235 | 323 | 385 | 479 | 245 | 2536
5% | 331 | 361 | 559 | 684 | 348
Jeax(nm) | 360 | 360 | 360 | 360 | 360 | 360
K/S 1% | 081 | 066 | 152 | 12 | 048 053
Cotton 5% | 069 | 063 | — | 113 108

WM* : Without Mordant
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Table 6. Changes in color and color difference of the silk fabrics and cotton fabric dyed with Caesalpinia

Sappan, L. and various mordants

(cone. 5% owf.)

Fabric Silk Cotton
Mordant WM Al Cr Cu Fe Sn WM Al Cr Cu Fe Sn
I* 87 | 623 | 595 | 537 52 655 | 777 | 728 | 747 | 69 | 671 | 732
a* 712 | 149 | 118 14 918 | 102 | 641 | 158 | 769 | 138 | 56 | 103
b* 08 | 202 | 238 | 248 | 195 | 22 | 115 | 141 | 936 | 171 | 752 | 154
AE — 109 | 132 | 184 | 212 | 547 — 109 | 39 | 151 | 114 | 712
H H |925YR | 514YR | 561YR | 482YR | 638YR | 7.67YR | 432YR | 899R | 176YR | 186YR | 281YR | 322YR
| v 681 6.06 578 521 504 6.38 763 712 7.32 6,42 6,54 7.16
(v/C) | | 49 | 568 | 459 | 4% | 365 | 511 | 245 | 441 | 246 | 421 | 180 | 347
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Table 7. Color Change of Caesalpinia Sappan, L,
dyed on silk fabrics according to frequency
of mordanting

mordanting | L a' b | 4E | H v/C
533 | 284 | 124 | 252 | 38R [516/6.73

Al 402 | 371 | 133 | 319 | 323R |390/831
349 38 115 | 366 |2.72R |339/823
558 | 152 | 939 | 289 |671R |541/378

Cr R2 | 209 | 049 | 413 |7.56RP|3.71/440
304 | 203 | —236| 478 |5.94RP|297/39
301 | 208 | 504 | 421 |19R |293/413
222 | 136 | 341 | 497 | 422R |2.17/271
231 | 138 | 338 | 49.1 | 388R |2.25/2.74

274 | 707 | —3.09| 528 [1.69RP|2.67/139

Fe 199 | 429 | —17 | 574 |284RP{194/0.84

e
EEpHErEEngda|lEdn

189 | 29 | —086| 579 |477RP|184/056
529 | 256 | 933 | 279 | 274R |5.13/600
Sn 394 | 389 | 659 | 382 | 025R {383/859
384 | 394 | 618 | 391 |010R |3.73/865
wM* 575 | 242 | 368 | — |331YR|558/7.86

WM?* : Without Mordant (conc. 5% owd.)
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Fig. 2, Color change of silk fabrics dyed with Caesalpinia
Sappan, L. according to irradiation time
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Fig. 4. Color change of silk fabrics dyed with Rubia
Akane Nakai according to irradiation time
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Fig, 3, Color change of cotton fabrics dyed with
Caesalpinia Sappen, L. according to irradiation time
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Fig. 5. Color change of cotton fabrics dyed with Rubia
Akane Nakai according to irradiation time
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Table 9, The color fastness of fabrics dyed with Caesalpinia Sappan, L. and Rubia Akane Nakai

Dye Caesalpinia Sappan, L. Rubia Akane Nakai

Fabric Silk Cotton Silk Cotton
Fastness Washing Washing Washing Washing

\ Light Alteration| .Stalmng Light Alteration swlmng Light Alteration bStalmng Light Alteration .Stalmng
mordant silk | cotton silk |cotton silk |cotton silk |cotton
wWM* 1 1 4-5f 3 1 1 4-5) 4 1 1 4-5{ 4-5 1 1 4-5) 4-5

Al 1 1 4-5| 4 1 1 4-5| 4 1 1 4-5| 4 1 1-2 4-5| 4-5

Cr 1 1-2 4-5| 3-4 1 2 4-5| 4-5 1 2 4-5| 4-5 1 3 4-5| 4-5

Cu 2 1-2 4-5{ 2 1 1 4-5] 4 3 1-2 4-5| 4-5 1 3 4-5) 4-5

Fe 3 2-3 4-5| 3-4 1 1 4-5 34 2 2-3 4-5| 4-5 1 2-3 4-5| 4-5

Sn 1 1 4-5| 3-4 1 4-5| 4 1 1 4-5| 4 1 1-2 4-5} 4-5
A% Cush Ferl@nzlol os) 2, 35802 a5l o 9 ARl 9L Fo2A ANB A4
gou, deAE AFANES B4 FHT, W Wsh Zeslo) WY AOR Holr], A o
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Table 10, Color Change of fabrics dyed with Casealpinia Sappan, L. and Rubia Akane Nakai after washing

Dyes Caesalpinia Sappan, L. Rubia Akane Nakai
Fabric Sitk Cotton Silk Cotton
Before After Before After Before After Before After
Washing | Washing | Washing | Washing | Washing | Washing | Washing | Washing
WM | L 57.1 47 713 765 68.8 68.1 76.7 81.2
a 2.1 180 787 575 548 766 580 5.61
b 376 102 208 2.84 297 115 109 144
4AE - 304 - 188 - 184 — 314
H 331YR 6.32R 651YR 454R 925YR 344YR 432YR 0.20R
V/C| 558/7.86 4,34/4.09 6.97/3838 750/1.80 6.81/4.98 6.65/257 763/245 7.99/1.96
Al L 344 35 574 706 620 659 727 775
a 36.8 236 184 7.76 137 99 141 110
b 116 —6.85 589 275 286 124 138 5.89
AE — 22686 — 172 — 171 — 375
H 272R 331RP 122R 200R 514YR 216YR 899R 42R
V/C| 339/823 326/5.04 555/4.60 6.89/2.17 6.06/5.68 643/304 7.12/4.41 7.60/3.07
Cr L 302 283 544 587 59.8 573 732 738
a 175 985 124 803 107 127 784 7.73
b —22 —9.12 08 —381 234 167 899 529
4E — 105 — 772 — 7.36 - 375
H 594RP 552P 643RP 0.22RP 561YR 2.74YR 1.76YR 7.16R
V/C| 297/39%9 2.76/2.36 5.26/3.10 5.71/2.29 5.78/459 5.56/3.89 7.32/2.46 7.22/2.24
Cu L 237 240 423 52.9 537 52.6 650 665
a 143 784 125 572 147 149 135 137
b 3665 ~384 343 —215 256 162 164 131
4E — 987 — 138 - 951 — 138
H 38R 1L19RP 961RP 1.52RP 482YR 1L2YR 18YR 981R
V/C| 225/274 2.35/156 407/255 5.13/155 521/49% 5,10/4.17 6.42/4.21 6.48/382
Fe L 186 188 M7 496 518 55.3 661 69.5
a 289 247 6.25 39 912 103 563 647
b —061 —576 —2.24 —2.77 196 160 801 506
4E — 5.17 - 151 — 5.19 — 452
H 447RP 827PB 1.96PB 781P 638YR 402YR 281YR 845R
V/C| 184/056 1.82/1.20 333/1.32 481/1.17 5.04/3.65 537/341 6.54/1.80 6.78/1.86
Sn L 382 518 4638 59,0 64,7 65.3 723 770
a 392 274 312 186 87 963 102 7.16
b 6.34 6.66 424 451 280 137 153 871
4E — 18086 — 175 — 144 - 868
H 0.10R 065R 897RP 0.33R 767YR 309YR 322YR 168YR
V/C| 373/865 503/6.33 4,36/7.24 5.73/452 6.38/5.11 6.36/3.11 7.16/3.47 7.56/2.36
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Table 11. Change of tensile strength of silk fabries dyed with Caesalpinia Sappan, L. and Rubia
Akane Nakai after burial test
Fabric Sikk Cotton
Dyes Caesalpinia Sappan, L Rubia Akane Nakai Caesalpinia Sappan, L Rubia Akane Nakai
Before| After| Tensile |Before|After| Tensile |Before| After| Tensile |Before|After| Tensile
Mordant | Burial | Burial| strength |Burial |Burial| strength | Burial|Burial| strength |Burial |Burial| strength
S* | S* |retention(%)| S™* | S™ |retention(%) S™ | S |retention(%); S* | S" |retention(%)
WM | 717 | 392 547 75 | 38 53 374 | 014 39 35 | 027 75
Al 764 | 487 638 758 | 279 368 377 | 008 20 373 | 043 115
Cr 759 | 702 925 743 69 R9 365 | 012 32 348 | 036 105
Cu 727 | 536 774 7.37 6.3 854 364 | 264 725 358 | 162 452
Fe 745 | 572 76.7 694 | 155 223 366 | 011 29 367 05 135
Sn 75 691 R2 734 | 421 573 368 | 008 2.1 34 0.28 8.2
WD" | Befoer Burial S™ : 764, After Burial S : 4 525 Befoer Burial S™ : 38, After Burial S™ : 065 170
WD* : Without Dyeing, WM’ : Without Mordant S™ : Strength (KG/mm’)

Table 12, Change of tensile strength of silk fabrics dyed with Caesalpinia Sappan, L. after burial test

Mordant Cr Cu Fe
mordant | Before After s’geerrlxsgﬂti Before After Sﬁiﬂ; Before After s’frirrlfgﬂgl
conc.(%) | Burial $™|Burial S* retention(%) Burial S |Burial S* retention(%) Burial $*|Burial S* retention (%)
0.05 6.92 3.29 475 6.99 148 21.1 7.33 0.88 122
0.1 6,73 3.77 56 7.0 2,23 3L8 7.26 0.89 122
0.5 7.07 5.64 79.8 7.07 387 55.1 7.11 1.40 197
1 7.07 6,51 91.9 6.89 4,26 62.1 7.09 231 327
5 759 7.02 92.5 7.27 5.62 774 7.45 5.72 76.7
*Strength (Kg/mm’)
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