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resource was investigated for wool fabrics.

Abstract In this study, the efficacy of Amaranth(Amaranthus spp. L.) as a natural dye

It is known that a large amount of

flavonoid and anthocyanin colorant are contained in leaves and stems, as well as red

flowers. The optimum condition of dyeing was 1.3% of dye concentration(o.w.b.) at
100°C for 60 minutes, resulting the K/S value, 23.43 and R Munsell color on the

wool fabrics. Al, Fe,

Zinc and Titanium were used as a mordant.

The mordant

improved the dye uptake, regardless of the mordant type and mordant method. The

pre-mordanting method was more effective than the post-mordanting method. Al pre-
mordanted fabric showed the highest K/S, 30.02. Light fastness and washing fastness
were high in grades 4-5 and 5, and rubbing fastness was good in grades 4 and 4-5
in dry condition, but low in grades 2-3 and 3 in wet condition. The dry cleaning

fastness was excellent in all 5 grades.

However, the alkaline perspiration fastness

ratings were low in grades 2-3 and 3. The results show Amaranthus spp. L. colorant

can be used as a functional natural dye for wool fabrics.
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B 7o) A8 AR Azt A, mUE 100% 2AES
ARgSIIen 1 5442 Table 13} gttt Aol ARESt ofof
A MiAl BabdAE Q) http://www.naturaldyeing . kr)
sto] AR5ty o] TEA|= Aluminium potassium sulfate
(AIK(SO4)2-12H,0), Ferrous Sulfate Heptahydrate(FeSO4-7
H,0), Zinc acetate dihydrate((CH;COO),, Zn-2H,0), Potas
sium titanium oxide oxalate(C4K,09Ti-2H,0)S AF2-SHSICH
Sodium hydroxide(NaOH)x} Citric acid(CsHay(OH)(COOH)s-:

H,0)8 AHgsto] pHE 27335Hict

22 A gl DjEAME|
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&to] g5t

e =% 3%(o.w.f.), 60°C, 30&, £H] 1:400)|A Aoj

o
a
(2 8-Th-2H-AE- B3R 5) 8 PRS- B2

Table 1. Characteristics of wool fabrics

S Kubelka-Munk Al(1)of 9]
o QRlEF K/SRES AMESIITE T8 BUAS CIE L, a', b
A

2 ZA5k1 Munsello] AAKH), HE(V), ME(C)are 45t
et
K/S = (I-Rf/ 2R (1)
where,

R : Reflectance
K : Absorption coefficient
S @ Scattering coefficient

24 HMA=|E F7}

NEHAg] == AErA]& 7](Launder-O-meter, Type LHD-E
F, Atlas Electric Devices Co., USA)S ARR35to] AATCC
Test Method 61-19899] 1A®o] Z3lo] 200mlol] ZAIAA]
0.37%% 21 40°CollA 4581t NEsHIH.

tatolZe]d AR == AATCC Test Method 132-1989 1A
o] #35t9 AEA]¥7](Launder-O-meter, Type LHD-EF,
Atlas Electric Devices Co., USA)E AIEsIion Al@HE&
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A2l & HAxsHch B Es AATCC 150 mat 4d 9
A7) Qs "o 747t 30=<t AXIsE & AR =AY
(HS-255, Hanwon Soway Co., Ltd, Korea)ol| 7=ls}o]
38+ 1°CollAl 6AIRE /Al Al oPEiE e PR e &
7](Crockmeter, Model CM-5, Atlas Electric Devices
Co., USA)E A83to] AATCC Test Method 116-19899] &
sjol Azol 48 AElIN 77t 103) ojE AP shc
oAz == AATCC Test Method 16-2004 Option 30 &
st YgA]@7](Xenon Test Chamber, Q-Sun Xe-1-b,
USA)E AlMgsto] 71Eota A& 15~17A, ol =AY 125~140
V, 74 2=+ =3ud(blank panel) 2&=Al2 F7J5Ho]
AATCC 169 94 63°C, 7S = 30%2] Z710)4 20117t
FRALSHA

2zto] Aze SFE WEM WYS ool AAU(eray

. Fabric density Weight Thickness
Fabric Weave )
(wxf/5cm) (g/m?) (mm)
Wool Plain 142x136 102 0.25
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Figure 1. Effect of dyeing temperature on the dye uptake of
wool fabrics(1.0% o.w.b., 40min.).
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Figure 3. Effect of dyeing time on the dye uptake of wool
fabrics(100°C, 1.3% o.w.b.).
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Figure 2. Effect of dye concentration on the dye uptake of
wool fabrics(100°C, 40min.).
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Figure 4. Effect of pH on the dye uptake of wool fabrics.
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Table 2. Effect of pH on H V/C and L* a* b* value of wool fabrics

pH H Vv/C L* a* b*

3.0 6.2R 2.1/7.5 20.77 30.20 10.76
5.0 3.0R 2.8/9.7 27.50 41.92 9.77
7.0 2.7R 2.8/9.8 2793 42.56 942
9.0 2.7R 2.8/9.6 2774 41.96 894
11.0 3.0R 3.6/7.8 36.15 33.64 10.33
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Figure 5. Effect of pH on L*, a* b* value of wool fabrics.
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Figure 6. Effect of pre- and post-mordanting on the dye
uptake of wool fabrics(dyeing: 100°C, 1.3% ow.b, 60min,
mordanting: 60°C, 3% o.w.f, 30min.).
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Table 3. Color properties of dyed wool fabrics depending on mordant type and mordanting method
Mordant K/S H V/C L* a* b* Sample
None 2343 24R 2.9/100 2925 43.90 68 Rl |
A 30,02 6.4R 2.0/7.4 2025 2971 e ||
Fe 2538 53R 2.3/7.6 2253 3134 cos [P R
e Ti 28.05 6.1R 22/81 2196 3311 1215 R
Zn 2784 4.2R 26/93 2552 3962 121 [
Al 2710 33R 2.9/105 2847 4549 1
Fe 2364 3.5R 2.8/9.0 2754 3899 1076 ||
Post: Ti 2436 34R 2.9/102 28.80 4399 1261 FO
Zn 2553 27R 2.8/10.0 28.09 4328 9.60 -
Table 32 o o] T AAWSIE Amus| ojsle] @Rl ZvlSlEA AALe ulAalgc) SujRllAE Dol
Munsell®] AAHH), H=(V), AH=(C )9} HunterQJ L, a" b'& A AR 3R] i
Uebd otk 1 AT 2% R, 82 of£e RARIT.
QUje ARl L 2925, &' 4390, b° 9.682 Lk Aol 33 QuIZIZ|E W7}

ODﬂ}\_ﬁoﬂ}\ %0 AO e A olw [H__H,_K%O OﬂxHO] 4 7&

Ag DAL 46.0, a .0, b" 46.4)FMu} v w3 o
4 U 42 A g S YA £ Hijedo] R
]_

[N}
N
(@)
i

o} WEot AEst Woron waAe Uehjs a'E RE hel
Aol ob.on %61 Al HUj@e a'gto] 20.25% opd
Zpe AGolgict. Mujdol: Zn ohRA Sofo] ulsy

ofufgtA AiAo] AM HRle S Hrlsl| oAl dAe 2
R ARZAQ Ay] 1:40, 100°C, @M= 1.3%(0.w.b.), 60+20lA]
Zn oGEAE
(o.wf), o8] 1:40, 60°CollA] 30% Mujgat SojAS 242t

Arstdon] omjd2 Al Fe, Ti,

ysteict.

Table 4= Aujdn} Sojeio] The 27

Table 4. Light colorfastness, washing colorfastness and rubbing colorfastness of dyed wool fabrics

== 3%

Al b AEe

Washing Rubbing
Fastness Light Stai Stai
i
Mordant 9 Color n n
change Wool Cotton Dry Wet
None 4-5 4-5 4-5 4 4-5 2-3
Al 5 4-5 4-5 4-5 4 2-3
Fe 5 4-5 5 4 4 2-3
Pre-
Ti 5 4-5 4-5 4 4-5 3
Zn 5 4-5 4-5 4-5 4-5 3
Al 4-5 5 5 5 5 4
Fe 4-5 5 5 5 4 4
Post-
Ti 4-5 5 5 5 5 4-5
Zn 4-5 5 5 5 4 4-5
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Table 5. Dry-cleaning colorfastness and perspiration colorfastness of dyed wool fabrics

Perspiration Perspiration
Fastness Dry-cleaning P‘ : P .
(acidic) (alkaline)
Color Stain Color Stain Color Stain
Mordant change Wool  Cotton change Wool Cotton change Wool  Cotton
None 5 5 5 4-5 4-5 3-4 4-5 3-4 3
Al 5 5 5 3-4 4-5 3-4 2-3 3 2-3
Fe 5 5 5 4-5 3-4 3 3 2-3
Pre-
Ti 5 5 5 4-5 3-4 2-3 3 2-3
n 5 5 5 3-4 4-5 3-4 3 3-4 2-3
Al 5 5 5 4-5 3-4 2-3 3 2-3
Fe 5 5 5 4-5 3-4 3 3-4 2-3
Post-
Ti 5 5 5 3-4 4-5 3-4 2-3 3 2-3
Zn 5 5 5 3-4 4-5 3-4 3 3-4 3
S IR Zyfolt. Yutdor HAFAS dgHz|zo] F Fo|ot. FA2 100°C, MAsEs 1.3%(o.w.b.), 6020]4
ORt Wolut ofultA Mit Rolgold LYAEIL 455 A1o) FRUK/S 23432 Ueido] e G xYL
Foz wgton] Mujgde ujglel ERol BAgel QYA L 2 QUCh Al Fe, Ti, Zn iAol ofs] @xlzo] me
o} 55302 0je Solgct ARREL 453 455  /ielon] ofeiue Aok el Suguct auAol
Fo% 32 Ans usloo) Mugurt goidel 27 55 At Sol Al Hids) el 0002 A A ke
Foz aupsolgt. iz A& AEONE 453, Aok QBdimel NS 4553, 55302 e %
4-55g08 4ot oL)y AL HEoA s 2-357, 3552 ron AR = xR AEjoA= 435, 4-55g90=2 &
2 olgo] Alsile & 4 ik 2otgolt Ao Aol 2-358, 35302 oldo] Alst
Table 5 Mojgn Fojgo] M cajolZeldnt © A3 gk SolZald AL BR 5530 uje 9asiurt.
EE WD Jalolg, se0igd Ame Ayel Bad o) e @ Aeles g Yoo 231 9T B AR S
Fol oA 2F 55502 Ufe otk e & a2 AW A=lzof vlof Yot 2-353, 353°= FUIE
2o W GriEQh AV B dRes miEY /% UH"E‘Kﬂ el
o 55 % ofetel @Al HRglol ol 9o} e 4553, olato] ZatzRE ofnfeia HOIMAZ o83 nAl2o] o
WS 3-45Foloch T Alml fofd ARsb 4-55F. 34 AL AR A8 A9 st oheAle) BRek Wil okt
Sgo ujg AlRel ulmsiel A9l Wb} M9 S @ 4 Qo] Sae RARS NS 9% 4 A3tn 2T Al
AATE SRS ARG AlRoMe IFe] B A 552 Eejo|Zey A=zt 40t HABAEA 84S &
ab ) Rzlsol vla) sof 2-353, 35302 BAwch st

2 otws] s}
GULE, G0l 5, AARL golel pH % ojgHlel SR
- Sejol2ely
W g Wistol chgat 2 s 92 4 ol
oot At AP0 B WA oo ML RA

ormFMIIZeloIR] A 324 A 22

Acknowledgements

This research was supported in 2020 by the MOE(The
Ministry of Education), Republic of Korea, under the BK21 plus
project(S20AR43D0801) NRF(National

Research Foundation of Korea).

supervised by  the



10.

11.

12.

A

— -

ofot2tA AZol

References

. S. Y. Ha, The Dyeability of Natural Fabrics Dyeing with Na
tural Dyes in Ethanol-Water Mixture, Ph.D. Thesis, Pusan Na
tional University, 2020.

. Y. J. Lee, S. K. Kwak, and J. H. Jang, Improvement in the
Color Fastness of Cotton Fabrics Dyed with Kale-Extracted
Colorants, Textile Coloration and Finishing, 31(4), 225(2019).

. Y. M. Yeo and Y. S. Shin, The Dyeing Properties and Func
tionality of Water Lily(Nymphaea tetragona) Leaves Extract a
s a New Natural Dye Resource(2): Dyeing of Silk and Wool
Fibers, Textile Coloration and Finishing, 29(3), 171(2017).

. J. H. Lee, H. B. Lee, S. I. Choi, T. D. Jung, B. Y. Cho, S.
H. Choi, W. S. Sim, X. G. Han, and O. H. Lee, Stability a
nd Antioxidant Activities of Anthocyanin from Amaranth(4m
aranthus spp. L.) Baby Leaf Extract, Journal of the Korean
Society of Food Science and Nutrition, 46(12), 1550(2017).

. S. Y. Hong, K. S. Cho, Y. L. Jin, Y. H. Yeon, S. J. Kim,
J. H. Nam, J. C. Jeong, O. K. Kwon, and H. B. Sohn, Com
parison of Growth Characteristics, Antioxidant Activity and T
otal Phenolic Contents of Amaranthus Species according to t
he Different Cultivation Regions and Varieties in South Kore
a, Korean Journal of Crop Science, 59(1), 16(2014).

. H. S. Choi, Effect of Adding Amaranth Powder on Noodle
Quality, The Korean Journal of Food and Nutrition, 24(4), 6
64(2011).

. J. S. Kim and H. J. Ryoo, Application to the Biscuits Manu
facture of Processed Amaranth Seeds, The Korean Journal of
Food and Nutrition, 15(4), 321(2002).

. S. H. Lee, Composition Analysis and Antioxidant Effects of
Panfry Tea and Steaming Tea with Amaranth Leaf, M.S. Th
esis, Sejong University, 2015.

. J. H. Lee, S. R. Kim, J. Y. Song, and M. S. Shin, Compari

son on Physicochemical Properties of Amaranth Starch with

Other Waxy Cereal Starches, Korean Journal of Food Scienc

e and Technology, 31(3), 612(1999).

J. M. Jo, K. H. Choi, S. G. Shin, J. H. Lee, and W. J. Ki

m, Optimization of Extraction Conditions of Polyphenolic Co

mpounds from Amaranth Leaf using Statistically-based Optim

ization, Korean Chemical Engineering Research, 54(3), 3152

016).

H. L. Jang, M. Yoo, and J. S. Nam, Comparison of Nutritio

nal Compositions between Amaranth Baby-Leaves Cultivated

in Korea, The Korean Journal of Food Science and Nutritio

n, 45(7), 980(2016).

H. J. Jo, J. W. Kim, J. A. Yoon, K. I. Kim, K. H. Chung,

B. C. Song, and J. H. An, Antioxidant Activities of Amarant

h(Admaranthus spp. L.) Flower Extracts, The Korean Journal

of Food and Nutrition, 27(2), 175(2014).

M2Aol fBY 6T BHE gM

=~

95

mjo

=
SHe=

13. J. Kumar and A. Bansal, Photocatalytic Degradation of Amar
anth Dye in Aqueous Solution Using Sol-gel Coated Cotton
Fabric, Proceedings of the World Congress on Engineering a

nd Computer Science, San Francisco, p.788, 2010.

14. H. Sudrajat and S. Babel, An Innovative Solar Photoactive S
ystem N-WO;@ Polyester Fabric for Degradation of Amarant
h in a Thin-film Fixed-bed Reactor, Solar Energy Materials
and Solar Cells, 149, 294(2016).

15. J. J. Lee, Study on Adsorption Kinetic of Amaranth Dye on
Activated Carbon, Clean Technology, 17(2), 97(2011).

16. R. Ahmad and R. Kumar, Adsorption of Amaranth Dye onto
Alumina Reinforced Polystyrene, Clean-Soil, Air, Water, 39
(1), 74(2011).

17. G. An, “The Science of Dyeing”, Gyeongchunsa, Seoul, pp.1
92-193, 2000.

18. E. R. Trotman, “Dyeing and Chemical Technology of Textile
Fibres”, Charles Griffin and Company Ltd, London, pp.344-4
36, 1975.

19. Y. M. Yeo and Y. S. Shin, Eco-friendly Leather Dyeing usi
ng Biomass Wastes( | ): Natural Dyeing of Eel Skin using O
nion Peels, Textile Coloration and Finishing, 30(2), 141(201
8).

20. H. S. Seo, A Study on the Mordanting Properties of Ash So
lution used of Caesalpinia sappan Natural Dyeing, M.S. The
sis, Ewha Womans University, 2005.

21. J. S. Rhie, Dyeing of Wool Fabric using Rhubarb Extract, X
orean Journal of Human Ecology, 8(4), 5(2005).

22. K. H. Son, Eco-friendly Dyeing using Houttuynia cordata Ex
tract: Dyeability and Functionality of Wool Fabrics, Textile C
oloration and Finishing, 32(1), 1(2020).

Authors

of¥D| MUThstm o|Bsta HiAlaY +2

e HEEtn oFstyt us

Textile Coloration and Finishing, Vol. 32, No. 2



