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2l o] ol HE AL F 7| HAY AP o] FAbES A= AE 2 sl | (i
AAU 88 =22 AF&ste A5 S =(FF old), €&, 5=, ¢
aglon ol EdlEE= AP FofoA & o] & LS AZolu; w4
oA AL U9, =S, AE, AA H
4@ (Nymphaea tetragona Georgi)> thd Ay = W ZYAHES Yol 2=

oignl, RSY!, M
sethalm gt Hdsm DEAQAIAH S5}
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Abstract In this study, the efficacy of water lily(Nymphaea tetragona) leaves as a new
natural dye resource was investigated. For this purpose, the colorants from water lily
leaves were extracted in methanol, evaporated, and powdered. Dyeing onto cotton fiber
was carried out to study the effects of dyeing conditions, mordant type and mordanting
method on dye uptake, color change, and colorfastness. FTIR analysis supported that hy-
drolyzable tannins and chrolophyll were contained in the extracted colorants. The col-
orants showed good affinity to cotton fiber showing Y Munsell color. Pre-mordanting
method gave better results in terms of dye uptake than post-mordanting method. By
mordanting, dyed fabrics exhibited various colors such as green, khaki, brownish yellow,
dark brown, dark gray and so on. Colorfastness to washing and rubbing was relatively
good showing 4-5 rating. The light fastness was improved 1-2 rating by Fe mordanting.

The dyed cotton fabric showed antimicrobial activity.

Keywords water lily(Nymphaea tetragona) leaves, cotton, K/S value, mordant, color

fastness, antimicrobial activity
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Ak, 29 E AE Sl AFElA ek anrt Q=
Ao w oA e,
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2t (geraniin), @et 14k ellagic acid) 9] &2
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olo] £ AFAA L B BEEA A2 G S
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2.1 A2 I A
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F2](CuSOs + 5H20), BlEFE(CiK200Ti - 2H20)& AH&-
St AL A E §(NaOH)2F oFM| EAHacetic acid)

o

| BN PuS SyoE 291

Al
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A 21 X2

AL EH] 1150004 Mas= AR 2= 52§
StAl 71 A A QA 319k A 7] (Ahiba Nuance,
DataColor International, USA)E AF&3}o 3%
th, MAA = B 3%0.w.f.), 40T, 3082, &1
1:5000 A Ao F (I H-A-H2-dM - A - %)
I S G(FA —pAl - 2 - - Al - ) RS
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2.4 2EEN

AL9] - ZRA| R B3gg = A (UV-Vis spectropho—
tometer; Agilent 845, Agilent Technologies,
Waldbronm, Germany)<& AH&-5+¢] 300~700nm<]
Supgold 9 o =& ML FFEE
oF, E3F R S 25 MY 2 A4S 2
Hall A AE KBr HEl (pellet)oll LR A]A 224
F=A(FTIR, Fourier Transform Infrared, Spec—
trophoto Spectrum 400, UK) &4 AA|s}A T},
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=hs
otd

2.5 B U M S =YY
QAT AR GHYT M2 Zet] I8 B

D65, TZAloF 1079 27104 MAA (Color—Eye
3100, Macbeth, Germany)E AHE-3lo] FAIL O] %

F4IU00nm)ol 4 EW WA (RIS ST
tH2] Kubelka—Munk2](1)& o] &3t A4k K/S
e GHFO R Agtert

AloF 130 & pHE 245t} Munsell®] #474 Hgty oz MAl(Hue), 8=
(Value), A%=(Chroma)E &3+l CIE Lab A4z}
2.2 MAZE Y Hsl ofste] YEAS L¥, M HE A% a*, b* %L 79
SRS FEPAA 2 Addstm AE s g o
A 2015 8E~9H Afolofl A F|slo] AME-SHAATE, =
Table 1. Characteristics of cotton fabric
. Fabric density Weight Thickness
Fabric Weave (wXf/50m?) Yarn count (g/m?) (mm)
. Warp: Ne 30'S
Cotton 100% Plain 73 X 70 Filing: Ne 30'S 118+5 0.32+0.02
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K/S = (I—R)2/2R ................................. (1)

where,
R : reflectance
K : absorption coefficient

S | scattering coefficient

2.6 QMR T}

Ag A= == Alg7] (Launder—Ometer, Type
LHD-EF, Atlas Electric Devices Co., USA)E A}
£3}0] AATCC Test Method 61-19899] 1A &
sto] 200mlell 0.37% AAIS YL 40ToA 4583t
Aeet & HEA B8 8ol AA Y (Gray scale)
I 9. #H L A7 Y(Chromatic transference scale)
= AHg-ste] Bt skt

N A== v A2 e 5% 7] (Crockmeter,
Model CM—-5, Atlas Electric Devices Co., USA)
£ AFE319] AATCC Test Method 116-19899] &
sho] Azl S5 AeiollA ZH2t 1034 vpak Aj7] &
H/E AN TAE LYo AAUT o BAHE AAYS
Ag-sho] H7bekqiet,

dFAF = HZFAIE 7] (Xenon Test Chamber,
Q-Sun Xe—1-b, USA)E ARg3}o] 7FEota A7
15~17A, oFZAY 125~140V, WY == 5
W19 (blank panel) E=A =2 &4 3}o] AATCC 16 &
Holl &kl M 63T, 7IHGE 30%2] 27204 20
A7k g2k KS K 02189 W ol uhet 53 3
7¥skedct.

St
Mz kit 54 BN LA (Staphy -
lococcus aureus ATCC No.6538)3} #|H < (Kleb—
siella pneumoniae ATCC 4352) HA|at S 2 3}¢]
KS K 0693:2011°] &30 sttt #& wES]
NE S Hatk v A|of] HF5le] 37CAIA 48A17F vl
et Tof FEAE A 20mloll FEske] 37T
-] 24 ]Z_ ;\(_E. HHOT:o]-OﬂE]- TYJJ—EE 5;(40].04 /\H;,L
7k 1£0.3X10°7H/ml7F H =S =A% Fof 0.4g
O] A2} tRA|F O 0. 2mlS HALF A HFE
slo] 37Tl A 18417t vfekgtt), 1 & 7 AA 2 5H
FoHS 2zsto] Aa] Aldez 100, 10!, 10%, 107,

S A7 E3] A Al 28 Al 45

10! 54942 % 242 Inl§ ARSI =2 o
Ao 21 Hof 37T 4847 %}
Frg 4N, A7 GAEE 0 A0

Axretsict.
Reduction rate(%) = (Mb — Mc) / Mb x 100 - (2)

where,

Mb : number of bacteria recovered from the
undyed fabric

Mc : number of bacteria recovered from the
dyed fabric

3.1 421 9 Mao| =4
Mao] 54< A flet FTIR =4 A=
Figure 19 AAIBH, 8 o A= 33000111’1 —‘?—

TollA W& U*Aae
T+z Woll EAst= #HlEs4 -OHY *JZXJ%OID%,
1714cm ™ FLo A= A 2H 2 7](CO), 1614cm ™t H-
oA = 7HEA7(C=0)Y S4ME, 1354em™ 9=
= 2E2dE 3 @L C- N—J NERE, Leal

1049cm ™! F-ZoA gl 25 AT = 9=
B 27](CO-0) 4 é:-i%OH ot g A& AT
o}, 1700~1200cm ™ Fo A= 72 B A 0| E | 7}
224 yEgd, oAHZE 59 #H57|(functional
group)7t &2te]| Agsh= A 02 BIuEQcH? Y ot

2hA] 48 o) WA —OH, ~COOH, —COO(ester)7]
7H 7ol d Bl SR 2 RS ke A
o Hel},

Figure 29 8 o MAE Hgh-Eo] 5 §H 9
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350-370nm F-ol Al 927} yek o ZhAFA
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Figure 1. FTIR spectrum of Nymphaea tetragona colorants.
1:50, 9N 5% 2%(0.w.b.), GYAITHE 60=A A BhA] F7FeEGIEE, ofofl 1 ol & AR A d
AMeTZ 60, 70, 80, 90, 100CE W34 L& A2r=100CTE Aol th A st
A& AT Figure 33 2ok, 53 9 Yoz G4 53 g vHe R 2Eele] B sjglong v
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A= afo] FrbelARE MAES] 7 9 A A= 2] Hakt glglow 30%4 AzEel 5
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GEAT A71H ) 4EAGO] JFS Wol W A Ake] B wshe v g AL o] wol wAIstgicH
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Figure 2. UV-Vis absorption spectrum of Nymphaea
tetragona colorants.

Figure 3. Effect of dyeing temperature on the dye up—
take of cotton fabric.
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Figure 4. Effect of methyl alcohol content in the dye—
bath on the dye uptake.
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Figure 6. Effect of dyeing time on the dye uptake of
cotton fabric.
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Figure 5. Effect of colorants concentration on the dye
uptake of cotton fabric.
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dye uptake.
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Table 2. Color changes and K/S values of dyed cotton fabrics depending on mordant type and mordanting method

Mordants K/S H V/C L* a* b* Sample
Fe 12.7 7.0y 3.8/1.8 38.33 -0.68 12.87 -
Pre—
Cu 8.17 71GY 5.2/3.9 53.50 -13.3 20.66 -
Ti 11.97 5.9Y 4.9/4.4 50.11 1.56 31.65 -
Al 6.56 7.1Y 5.6/3.8 57.14 -0.94 27.18 -
Post—
Cu 6.46 4.1GY 5.3/3.8 54.39 -8.81 24.19 -
Al, Fe, Cu, Tig AH&gH Bl g2 Al W& A ¢Js}ar A0 &2 HotA "}, HYloju 719 =M& {45
o rh Qatepo] BE Slakgw Aol Fof 7] 915 Mol &S Curol @ 5 1k e ol Fo|
guch 9N B0t B6) Fe Mulae 9AT 202 A Ag Aol o] g5 T glrhe
o 12.7=2 R4l 6.279] 79 F v SISk Ti e et G Ee] Aato] Fujgd oAz o]
Ao oA Qo] AA] SUlStAT, YuHoR A MAEC o AYel S4S Holk ol fk Cur R AF
AN A=, BAL 2 AEE2 A HG= g o] SRR M4V B} MY E 25 FA5H| o
Aot Hgtdo] glomg AujdRrts SufEe o g *,
o AREEIR|GE =7 9 M Avof o3t HAE A9 Hf A
e A gdo] o ETH YL o 4 Ugieh o)

Table 2+= ¥

Hpo] the Ay

ol
3T

H 3}

Ab | 7] 9]6Fe] Munsell9)

[e}
AAHH), E(V), H=(C)2 Hunterd L*, a*, b*&
Uetd Aolth, 1 Ay GYAER vehd Cu E-&

AQstles BF =7t F2 YA Lot W
Ti-Cu-Al-Fe W A2 Wolxlom Al v g2
mjdel H, V, C &3 2 &fo]7} ¢lof AAfo] vls=3}t

¥ o oo

I Cu Wi GAl= Aol o) a*ghol ZA Wl 7H-
13.3) ¥f2 A0 & YElyt=d|, ol ZREIY 7
Ao 71Q1gtch, 22232 Figure 89 Ho|&= Ht
oF Zro] Foto] Mg? ol 7HA i Ql=H], Mg?o]2
2 A Aol 20 AFE o] FREL] HAL =

Figure 8. A chemical structure of chrolophylls.
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Table 3. Colorfastness of dyed cotton fabrics

Fastness Washing Rubbing
Light Color Stain Stain
Mordants change Cotton Silk Dry Wet
none 1~2 2~3 4~5 5 4~5 4~5
Al 2 3~4 4~5 5 4~5 4~5
Cu 1~2 3~4 4~5 4~5 4 4
Pre—
Fe 2~3 4 4~5 5 4 4
Ti 1~2 3~4 4~5 4~5 4 4
Al 2 4~5 4~5 4~5 4 4
Cu 2~3 4 5 5 4~5 4~5
Post-
Fe 3~4 4~5 5 5 4~5 4~5
Ti 1~2 4 4~5 4~5 4~5 4~5
green, khaki, brownish yellow, dark brown, 3.5 &d
dark gray & ©stA FEHTh o2 HE +=H ¢ A ZA 84] 1:50, Wk 3F 30%, 9=
= e WAAY SRt ol whef ookt Mol 2.5%0.w.b.), 100C, 6024 FAE HAE(K/S

SHsE o ARaE % o

w

4 HMARE

AMAZ =S Hrlsly] 93t AR &) 1:50, b
& v & 30%0v/v), MATE 2.5%0.w.b.),
100, 60+2] 2=zl A skt W AAl Al, Cu,
Fe, Ti& AH&sto] Wl @A 5% 3%(0.w.1.), £H]
1:50, 40ColA 30& A dat S 242 A A8}

%t

Table 32 Hofefs} ol ol of 43 A% v
I AES 24T A0S e Aolth, ARHoR
s o) ol e el o Az
= G Uttt 992H4 Svol A Alujelo] g3t
ot QAL Fujg Wilo] of7t o $ate
o}, Feul 9ot QAL Rujgmuct A w3
e\ 9T, 58 Fe Ful ATt A% A RS 3
15Fo2 22 Holglth, A%} 4-¢ ATle) nhaz
s 2 3fol7} glolt

Table 4. Antibacterial activities of dyed cotton fabrics

Bacteria reduction rate(%)

Staphylococcus aureus
47.2 84.2

Klebsiella pneumoniae

é};%ﬁéﬁ]7}—g’—§k§];\’] Zf/ 28‘71_‘_] X'” 1%

value=6.27)< W AefstA] gkar AHE-sFITE

SFA E AL (Staphylococcus aureus ATCC
No.6538)} #H|Fw(Klebsiella pneumoniae ATCC
No.4352) & w50l diet A<t Z:“ s 54T 2
£ Table 4°f YepSIct, T3 °
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