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Abstract

This study investigated the dyeability and color change of the natural dyes of
SeaCell, a biodegradable functional fiber that is permanently added to cellulose
fibers with natural additives extracted from seaweeds. The natural dyes used in
the study are five dyes. Gardenia and turmeric, which are yellow-based natural
dyes, Sappan wood and Lac, which are red-based natural dyes, and Indigo, a
blue-based natural dye, were selected. The dyeability and color change
according to the change of the mordant conditions and the number of times
of dyeing were investigated. In addition, the dyeing properties and colors of
cotton and silk fibers were compared under the same dyeing conditions as
SeaCell. The study results are as follows. It was found that SeaCell had lower
dyeing properties than silk, a protein fiber, in gardenia, sappan wood, and lac
dyes, but had higher dyeing properties than cotton with the same cellulose
component as SeaCell fibers. In the case of turmeric, it showed higher dyeing
properties than cotton except for the no mordant condition. In the case of
Indigo dye, SeaCell shows the best dyeability, indicating that it is a very
suitable fiber for Indigo dyeing. As sustainable functional fibers are continuously
developed in the future, natural dyes that are environmentally friendly and
human-friendly are actively introduced and commercialized, and it is expected
that they can be used as reference materials.
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Table 1. Characteristics of the Fabric
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Density(threads/inch?)

Fabric Weave Yarn Count Thickness Weigilt
warp weft (mm) (g/m?)
SeaCell Plain 605x40S 120 110 0.30 155
Cotton Plain 50Sx50S 100 98 0.22 115
Silk Plain - 120 115 0.16 80.8
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Table 2. Dyeability and CIE Lab Value of Gardenia

Mordant  Mordant Amax

Fabric agent method (m) K/S L a b AL Aa Ab AE
No-mordant 450 3.45 7727 1237 5945 -8.52 1149 4552 4771
A pre 450 395 7676 13.18 62.06 -9.02 1229 4813 5048
post 450 1.72 7994  6.76 4631 -5.84 5.88 3237 3342
SeaCell u pre 450 453 74.41 13.51 61.74 -1138 1263 47.81 50.74
post 450 1.51 78.20 2.84 40.51 -7.58 1.95 26.57 27.70
Fe pre 450 345 7426 1035 5573 -11.52 9.46 4179 4437
post 400 2.05 72.24 7.25 37.85 -13.54 6.37 23.91 28.20
No-mordant 450 263 81.12 7.84 58.90 -8.99 9.47 5586 57.36
A pre 450 337 80.12 9.76 63.41 -9.98 1139 6037 6224
post 450 1.31 83.74 233 4558 -6.36 3.96 4255 4320
Cotton pre 450 3.01 80.33 8.84 60.92 -9.78 10.47 57.88 59.63
cu post 450 113 83.17 0.50 41.19 -6.94 213 38.15 38.84
pre 450 2.82 79.14 8.83 57.77 -1096 10.46 5473 56.79
Fe post 450 1.33 79.94 444 4125 -10.16 6.08 38.21 40.00
No-mordant 440 493  80.17 5.31 71.87 -9.48 6.97 68.09 69.10
A pre 440 593 79.06 6.12 7422 -10.59 7.79 7045  71.66
post 450 3.49  80.77 2.01 63.94  -8.89 3.67 60.16  60.93
Silk U pre 440 569 7834 5.47 7207  -11.31 7.13 68.29  69.59
post 450 322 7765 -1.68 5714 -12.01 -0.02 53.36 54.70
pre 440 6.43 71.83 7.23 64.87 -17.83 8.90 61.09 64.26
Fe post 440 336 7326 2.89 5148 -16.40 4,55 4770  50.65

Table 3. Color Chart of Gardenia
Mordant agent Al Fe
Non

Dyes Fabric Pre Pre Post

SeaCell g -
63.45 / 46.80 / 63.21 / 56.68 / 38.53 /
78.24 78.01 81.69 77.66 79.48
Gardenia Cotton T ats ;
64.16 / 4564 / 61.56 / 58.44 / 4149 /
81.25 87.07 81.75 81.31 83.85
Silk

7448 /| 63.97 / 72.27 / 5717/ 65.27 / 51.56 /
85.77 85.28 88.20 85.66 91.68 83.64 86.79
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Table 4. Dyeability and CIE Lab Value of Turmeric
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Mordant  Mordant

Fabric Mmax(m)  K/S

L

AL

Aa

Ab

AE

agent method
No-mordant 440 148 8015 144 4129 564 056 2735 27.93
pre 440 219 7932 171 4954 647 083 3560 36.19
A post 440 199 8048 257 5055 -530 1.68 3661 37.03
SeaCell pre 430 251 7613 -0.17 4617 965 -1.06 3224 33.67
< post 440 278 7474 003 4774 -11.04 -085 3380 3557
pre 420 180 7230 358 3323 -1348 269 1929 23.69
e post 400 207 6927 737 3144 -1651 649 1750 2492
No-mordant 440 339 8047 1.1 4007 963 274 37.03 3836
pre 440 208 8140 -055 5126 -870 109 4822 49.01
A post 440 127 8377 211 4369 -633 -048 4065 41.14
Cotton pre 430 242 7710 -055 4677 -13.01 108 4373 4563
< post 440 173 8038 -208 4509 -972 -044 4205 4317
o pre 430 151 7806 210 3798 -12.04 373 3494 37.15
post 400 201 7309 835 3685 -17.02 998 3381 3915
No-mordant 400 354 8238 -400 5492 -728 -234 5115 5171
Al pre 400 453 8051 -2.87 5995 -915 -121 5617 56.92
post 400 292 8167 -3.71 5483 -799 -205 5105 51.71
Silk - pre 420 6.02 7317 -326 5596 -1649 -1.60 5218 5475
post 430 474 7245 -220 5307 -17.21 -054 4930 5222
o pre 400 433 6655 330 3767 -23.11 496 3389 4132
post 400 578 6182 782 3911 -27.84 948 3533 4597
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Table 5. Color Chart of Turmeric

Mordant agent Al Cu Fe
Non
Dyes Fabric Pre Post Pre Post Post
4131/ 4957 / 50.61 / 4617 / 4774 / 33.42 / 32.29 /
88.00 88.02 87.09 90.22 89.96 83.85 76.81
Turmeric Cotton - LTy . .
44.09 / 51.26 / 4374 / 46.77 / 4514 / 38.04 / 37.78 /
88.42 90.61 92.77 90.68 92.64 86.84 77.24
Silk . . .
55.07 / 60.02 / 5495 / 56.06 / 53.12 / 3782/ 39.88 /
94.16 92.74 93.88 93.33 92.38 85.00 78.69

420] AT BW Z47%E Table 6o Uehiod, 4
AES Table 7°ﬂ Uehiglt. 4% dmo) #H g4 1t
WA 9, 7 B S o) 400nmelA] w9l
3, GAEOR 500~570nm AlelellA] Uiehdeh, ol x4t
O oganT B dbgoz Be 7 uee & 4 ok
Kisios sadnd 4% dui 2E dedel Az
o4 DADY fow duere] £oL & 4 ot Ee
2E A il Fridi B G e
F3 9lo] Amiede] AT £ & 4 9k Lol A
W FeAgel S e ol w4 A 2o
P BT agle] A9 LgAlE And A
o ol wl ol teht B AR Uehim gtk
Amoto] JE glom MuHS o A4, B, A9 A9 BE
Anjgle] Foigd wek Alzkgte] 27 Uehoms Ane
o ;b o £ AL T HAT 5 olm, o] A
9 Fojgdurt ok AL M2 g e
@A AEe FeREdl For Huste o] g A
S AeE e A4, B o MRS g Role
G 4 oIt Ay AL s, T BfEe vl

o
=
A vige 9% ke ARS Uehiel, dhaA

= [e]
= 44

ol

AJL‘@.".

>

h° gro] 71 Yo 2dEZdozn Ueht mjdAE MAE}
7} o2 dzo] Hls| A= AL oF 2 9Joith

4. 2ol Y U BUA EY

efo] QAT WW ZAZLS Table 8o tehigly, 2e

AES Table 90 Ui 2 @ael Arf 84 wpake
A} ool wet 400~S40m7A SEE AT
glol UeRdth K/S7HE ¥ 2 dmE BE ojdAlel o
QRAN DAY 202 grol A ety E4
29 A% WS we ke Ushie] @Age] e £82
& % Qe

it

HEge ehit LS A 2o Ho] I3k

dol AYEE Veliy oln, QEsie] 45 o Hwsl
= o] M 2 AARES vehia glel b sk 94
g o & ok agte A9 Tujds IRokE g A
oo Sl et the e AAE el SA90 bt

& Eob S Uehde o 4 Qlck
A 2B wo& HwstH Aol A 7P Awdt Z
F2 vy WA @ foz Axrt A ol Aol

orsl BEES & 4 S,



A2 - 2|F0| / 215 JksE di2 R dRel HAGE Yol adt d 93
Table 6. Dyeability and CIE Lab Value of Sappan Wood
Fabric Ma(;::: k ":\Z;:Zrét Amax(nm) K/S L a b AL Aa Ab AE
No-mordant 400 0.90 67.37 19.77 9.17 -1841 1889 -477 26.80
Al pre 540 2.60 53.72 31.77 6.72 -32.06 3089 -7.22 4510
post 400 0.54 78.60 9.71 11.72  -7.19 8.83 -2.21 11.60
SeaCell pre 570 5.99 37.02 1326 -7.17 -4877 1237 -21.10 54.56
¢ post 540 1.1 61.20 14.79 455 -2458 1391 -9.39 29.76
e pre 540 267 4618 6.88 -2.02 -3960 6.00 -1596 43.12
post 400 1.44 61.52 3.74 6.30 -2426 2.86 -7.64  25.60
No-mordant 400 047 7547 1598 295 -1463 1761 -0.09 2290
Al pre 540 2.06 5705 31.38 6.26 -33.06 33.01 3.22 46.83
post 400 0.24 85.09 5.41 6.11 -5.01 7.04 3.07 9.17
Cotton U pre 570 3.82 43.97 13.79 -6.70 -46.14 1542 -974 4961
post 560 047 7221 1005 029 -1789 1168 -2.75 2155
Fe pre 550 1.74 52.93 7.26 -0.89 -37.18 8.89 -393 3843
post 400 084 70.88 339 649 -19.22 502 345 20.16
No-mordant 400 1.35 69.22 1734 1400 -2044 19.00 1022 29.72
Al pre 540 574 4350 38.12 7.71 -46.16  39.78 3.93 61.06
post 400 0.86 72.85 16.18 1178 -16.81 17.84 8.00 25.79
Silk u pre 510 14.70 2261 823 -0.19 -67.05 990 -397 67.90
post 520 3.05 4906 2391 589 -40.60 25.58 2.1 48.03
Fe pre 540 9.99 27.26 6.74 -2.57 -6240 840 -6.35 63.28
post 400 393 4184 332 095 -4782 499 -283 4816
Table 7. Color Chart of Sappan Wood
Mordant agent Al
Dyes Fabric Pre Post Pre
SeaCell
3248 / 15.22 / 15.07 /
11.94 50.36 331.61
Sappan
wood Cotton
32.00 / 8.16 / 1533 /
11.28 48.46 334.10
o
Silk
22.28 / 38.89 / 20.01 / 824 / 2463 / 7.21/ 346/
38.91 11.43 36.04 358.66 13.83 339.09 15.96
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Table 8. Dyeability and CIE Lab Value of Lac

Mordant  Mordant

Fabric - method Mmax(nm)  K/S L a b AL Aa Ab AE
No-mordant 400 190 5577 1629 6.07 -30.01 15.40 -7.86 34.64
Al pre 510 267 5089 2191 6.57 -3490 21.02 -7.37 41.40
post 530 350 47.01 249 -154 -3878 2408 -1548 48.20
SeaCell pre 530 728 3379 1696 -0.85 -52.00 16.08 -14.79 56.40
cu post 400 323 4837 9.40 2.12 -37.42 8.52 -11.82  40.15
Fe pre 500 3.31 4507 1137 4.01 -40.71 10.48 -9.93 43.19
post 400 345 4584 329 2.91 -39.94 2.41 -11.02  41.51
No-mordant 530 0.78 66.59 1459 165 -23.51 16.22 -1.39 28.60
pre 530 130 59.76 16.81 0.90 -30.34 1844 -2.14 35.57
Al post 400 113 6262 1848 -219 -2749 20.11 -5.23 34.46
Cotton pre 540 282 4717 1543 -2.21 -4293  17.07 -5.25 46.50
cu post 400 143 60.78 7.81 1.67 -29.32 9.45 -1.37 30.83
Fe pre 400 207 5287 879 1.92 -37.24 1042 -1.11 38.68
post 400 172 5715 322 2.88 -32.95 4.85 -0.16 33.31
No-mordant 490 1713 31.02 3165 1848 -58.64 3331 1470  69.02
Al pre 500 1655 2846 2793 1371 -61.20 29.59 9.94 68.70
post 490 1478 3021 2796 1434 -5945 2963 10.56  67.26
Silk U pre 510 13.92 2510 1505 4.14 -64.56 16.71 0.36 66.69
post 530 15.58 2211 9.41 1.39 -67.55  11.07 -2.39 68.49
Fe pre 490 16.73 2267 9.70 468 -66.99 11.36 0.90 67.95
post 400 16.39 2026 092 -0.11 -69.40 2.58 -3.88 69.56
Table 9. Color Chart of Lac
Mordant agent . Al Cu
Dyes Fabric Pre Post Post
SeaCell e RS E ke e b = |
1738/ 2287/ 2501/ 1699/ 1699 / 12.05 /
20.45 16.69 356.47 357.14 357.14 19.41
Lac Cotton RE
14.68 / 16.83 / 18.61 / 15.59 7.99 / 432/
6.45 3.05 353.25 351.85 12.06 41.78
.
36.64 / 3111/ 3142/ 15.61 / 10.77 / 093/

30.28 26.16 27.14 15.39 9.51 /839 25.76 353.47
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Table 10. Dyeability and CIE Lab Value of Indigo
Fabric Number Amax(nm) K/S L a AL Aa Ab AE
of dyes
1 640 20.99 21.05 -0.05 -14.66 -64.73 -0.93 -28.60 70.77
2 610 20.99 19.93 0.45 -12.33 -65.86 -0.43 -26.26 70.90
SeaCell 3 610 22.64 18.93 0.50 -12.01 -66.85 -0.38 -25.95 71.71
4 610 21.70 19.57 0.22 -12.12 -66.21 -0.66 -26.06 71.16
5 610 26.19 17.26 0.57 -11.36 -68.52 -0.32 -25.29 73.04
1 650 16.76 26.60 -2.53 -16.14 -63.50 -0.90 -19.18 66.34
2 640 17.94 23.46 -1.47 -13.96 -66.64 0.16 -17.00 68.78
Cotton 3 630 17.61 23.79 -1.77 -13.80 -66.31 -0.13 -16.84 68.42
4 640 19.66 22.35 -1.27 -13.50 -67.75 0.37 -16.54 69.74
5 640 19.55 3.08 -1.92 -13.75 -67.02 -0.28 -16.79 69.09
1 600 14.00 23.87 1.74 -13.38 -65.79 3.41 -17.16 68.08
2 600 15.96 21.80 2.56 -12.41 -67.86 422 -16.19 69.89
Silk 3 700 15.89 1.43 2.79 -8.69 -68.23 4.45 -12.47 69.50
4 700 19.04 20.08 2.76 -8.04 -69.58 4.42 -11.82 70.71
5 700 19.54 19.15 3.05 -6.67 -70.50 471 -10.45 71.43
Table 11. Color Chart of Indigo
Dyes Fabric 3
14.66 / 269.81 1233/ 272.09 1202 /27239 1212/ 271.05 11.37/ 272.86
Indigo Cotton .
16.33 /261.08 14.04 / 263.98 1391 /26270 1356 / 264.64 13.88 / 262.07
Silk
13.50 / 277.43 12.67 / 281.66 9.13 / 287.78 8.50 / 288.91 7.33 /29453
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