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Scheme 1. Flow chart for the evaluation of dyeing properties
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M= g Az Ao wE AP EAIAAZ BHE d% E 5 A H(Lee,
1997). Lee and Choi(2011)&= ZAMElE @Ael] w2 Aolx 7t &akst gddo]
FaHAl et e 1079 A 717e] desttha B s gith Oh et al.(1994)&
aAbEle]l A FER A2 oA vgoly tavt S sxFelA Kol
= 4 g9EdFS A 717 g9 ZA3E Haske]ow, Sheo and
Lee(1989)= 1AFE] 9] frs A= ezl Bepzl &2 (brakentoxin) < 810l
220kg= 804 A% He W ohs WA Husta gl
TAR S AuieE 19709 Al AR 1996l = 60.4hacl e 2000 o
254.8ha® S7F sttom A dalol aAbe] Aeolgt Eels A Auji A ol
400ha(2009)0] L, AlF=o] Aujarate] WAL 727hazw A= FHilolth ik
w Aol "olxa H A elo] A, AnH|AtEo] LS dEstER Ae) HE 2
Folubar Atk A Akl ek Au] aAbe] o] FUIAE e PlugS uf Al
= , 0, ZE B ZwEe FEol A vERd A AAl ARE

a
59 FdEFeolth(Lee et al, 2010). LA} o] W] F2 A7 of 441 =olH =i A

O

al
ettt 892 (Cho, 1978; Cho et al, 1981), ZAte] A& FH e #7|=
AE ol THS 9¥FE ol 3€7XZHn Hiud A4 (Kang & Lee
1973)7F gtk Zo] IR Ak <leo] AAMst Aty o] wo] FQFHA| e
ANEAE AN aAate] ol AT (Lee, 2007; Shin et al, 2010)¢} iLAFE
of Aol wAE dFES FIste] A A oA HAdo] YERgom o7l AL
go A= g okt B &t (Yoon & Lee, 1988). T3k 20t =S A+
o2 aAE e QAR A8AF FAE st WA 143W F 51.1%, o4 148
W 39.1%7F A E A&l Atk SHE AT Fol UrthHeo et al,
2011). AAIEZ TAEE ATE o= wlg =8 A A4 mAtE ) FE A
et AR Ee] A AF(Jung et al, 2003)7F sttt 2ejEE B ol A

EoAsEE Al FARe F857] Siste] A4l 27t we

ol
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AAEo] i S PdES Btk <Fig. 1> £ AFelA Agd

;O

Fig. 1. Cultivated Pteridium aquilinum
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2. Etd(Tannin)2| E4

Qg aAg] FEHY THE MR epigallocatechin, rutin, tannins,
kampferol %°] &3l (Jung et al, 2003; Lee & Choi, 2011), ¥ Aol A A}

9 LAY FEA A A BN FarE BAE4E F 599 o
=

Ir
il
i)
o
o
o,
ol
s
=
ea
il
i)
ea
o
T
ea
)
o
T
lo
>,

N
lo
Az

= O7HE )

low T F8H2 FHAe] Fatu, wfd, 2y, A3, ddRol= T &
e e I, dsALEA olstel A WA w4E Wk A& E
2 25l o8 A FE2H™ ZAF 600~2,0004 =] =343 84 shiE
ol tH(Sul et al., 1995).

Bt ERE b dubHel whge] sheh o] o Eielrh. 1894d

Procter& BlWUS 71<E3l90S Wl pyrogallols AAstE A3} catecholS A A s
= Aoz yElY AAE pyrogalloldl, $AE catecholdl = #7319 th 1920
Freudenbergi= Eldol &= Aloju & 4o 2ste] HA 7lgwdlsts 7tEad
Bt A BajE A o vug bgd Sddel vk Hasgiv. 1ela
pyrogallolA]e] tjF&Eo] 7 3

3%ttt Haslam< BlU S 7F-Es8ld Bl 53489 gdoe=z a4 /st
olg ol EIHA Fe= AMEE P9 HUS A BdoR E/F3ATHCho
et al, 1993). 33 el -OH7|E W72 zta 9l=d vlste] 7hE3] 3
Efd e ug7)2 -OH7]¢le]l -COOH7]9} A9 esterE 7}ttt 7F4Ea13

U2 gallotannin® 2 W 3% %+ depsided ¥ ellagitannin % W ¥ ¥ += diphenyl

-

Tl ol &3kal, catecholA o] o] =37

—

dimethyloid”} 2131, ellagitannine 4 7FpFi3fo 2319 ellagic acid®} 9= A
A8 gallotannine gallic acide} §= A4 $Hch(Shin et al., 2005).
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[e)
9o

A5Fo] BPAAE 07 ellagic acidE 22~25% 3H % o A3 Ho
A YAE S war agSA Tl digk o A 52wl & 3ol £
o] Yelyttta A7 B 1uadtltl Oh et al.(1996)2 -f 4] o 4]
o HH x7lo] 0.01%9 T} 8% e FEFoln &7t
L7 EobA il HuolFF 9 456nm= Ve st 7k
QHAE HAwAAZ FE3 ALZ Park et al.(2010) o} 9u

| 2ujzte] B}l gallic acid’} AH

49

AP

<Fig. 2>+ S}k 22
Tannic acid(C1sH1009) = gallic acid®] didepside©]t}. &1k
7Fe B el Zhasfel olste] A ®lth(Cho, 2010).
Folup S g gow A HTolls Y7
2w, A3l gAY 2~ (lousiness)
Chung, 1994; Sul & Choi, 1999). <Fig. 3>
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OH
HO C0-0

HO COOH
O

Fig. 2. Chemical structure of tannic acid

OO Q=0

Depside Diphenyl dimethyloid

Fig. 3. Basic chemical structure of pyrogallol tannin

,13,



Hoo o 4 o w W w0 M R oo X AT )|
S R ' of oo do . B M T T 2l
> ow g o0 LF o v o7 S ~
o Nrw_ ﬂ_OI E.E io O_E Lf n_AI ftﬂ AT mmﬁ _—
gL e X oo PR EIER o R X
= W o B o WA x Eoem e £ oo T
=y NP T I <X oy
i oy TR - A o B g Y =0 o
Wow W s T = = T T I T T
i S I W2 g ¥ o _ Mo e
R NS o~ o =y
T N T T T = T = . ol
9 Yoo o W = oz &2 ooy o B O )
TR T o8 = L | S
) — ~ o 0 . ~
CR I S IR I I TR
x ™ O T R w2 T g s " X o X B
SSENEEE S A REE DL B
X "= o L
T T W Wow Ty vy T W g 2 ™ X g M
= ® o Gy @ m ® = > - h 3
T 0 o M o oz X O T R C R0
or = L M T o A iR
N 10 o wjy - T e = =
%ﬂ%aﬂwg%%%zﬂmm%uﬁwﬁw
ok o e T S m@_ =y o M- _w_mﬁ - T a Mr
Aaﬁﬂﬂgéﬂﬂ%ﬁzzpwww%
mo = Jm T Mm 1_,_Al e o e w %o g Wﬁ_“ T ,_w.L B
B- —_— N 0 o = %) prd
@%ﬂmﬂvﬂ?% I mﬂﬂmﬁ wor nw_
=5 X CUS- = % B w X
= 9 B = —
BRI S Hool T o=
_ﬁ L »A ) 0 S
3 o =K < do = 10 B = <
SEer el el
0 = I -
o Mnm_u N A= T o= < m@_ B 0 < ~ H_ML X <)
=0 o’ - o o T oL 9 - B g
< EUY nooag O o T
T A R HCA T S
- o X - ToF
doomp ° N g om oW 5w oW o w ol W
WO oo ®OE b o = T H T oA T

=k

™

sl

o

b

o] YEbstthal Bl

0 A}

A
e

ki3

%

,14,

H}

715 = v

[e)

L

75 =

[e)

L

Fth Heo et al.(2004)

°

12

ARz tie ATE Ay R Bai(2008) =

3lo

Fol =7 vEster, RP, P, PB, GYZI<€<] o

t}. Lee and Youn(2010)

4a) Aujeke] of

[e]
=y



FRAM A 7+ 5

o}

1 Bl T3 Yoo et al.(1998

-
]

319t} Shin

& x}f

S IH
= 1=

sl
=

o

and Cho(2001)+= A1+ 29

o el

A
393tk Moon(2002)-

Aot WAl A pHel #Agle] 25 YAL S

)
4

=

mE

4

0

S

al

Dk

=Y
w

o

ol

Nlo

o YRAIE S Ae vepdE wid A el <

#7158 = EEYA

LR L,

Fi ok Chu(2006)

5

T HI

2 25% 80T~100TCo]ar A

7}

Ao
=1

B2 YAL

2l

Aol A AE = Fide

oL
¢}

3ttt Im and Lee(2004) %=

600t X

o
R

,15,



m Az 2 43

WAE AR KS Ksel 4% 94 As% A9§ 3% WEs Ao

o Algo] 3 EX4& Table 13 Zth

Table 1. Characteristics of fabric

Fabric count . .
Fabric Weave (threads/5cm) Titchsrioss We1g2ht
(mm) (g/m")
warp weft
cotton .
100% plain 8 7 0.26 100£5
2) dA

= ATl AbgE 9A

rr

AFA fEg AZgo A AuE At (Pteridium

aquilinum)®] A$%-5 7,8, 99 A A DA A3 F1REL AR AH

¥ AEE FFF 500g/1.0¢ & W FAE A 603t 33 W FE3te] 1~33] &
=

1

o,

i

=4

tlo
(o
ot
ol
ol
ac

t} o] =AAZX7](PVTFDI0A, &UAI#  Korea)= 724

o %

=
AL

=

=

-~

0|

“

0
=)
ot

0%
.

l"ir & HAste] A& T
3) Aok
Thin layer chromatography(TLC)¢] 78 w2 methy alcohol(CHsOH)  aceton
e(CH;COCH3) S AFg3ta AR eko 2 ferric chloride(FeCls) 15 Al ¢kS AM£314
t}. FT-IR spectrum #2413 TLC #4

tlo

et FF¥ o2 tannic acid(CisHioOo, Si

gma)E A&t tannin® AAEA 02 potassium cabonate(KoCOs, 15)S AM&



St d8-9 pHEAS 93 citric acid(CeHgO7 - HoO)9F sodium hydroxide(NaOH)
19 A A3t mid A2 aluminium sulfate(Al(SO4)s + 14-18H20), copper

acetate(Cu(CH3COOQ), - H)O) ¢} iron sulfate(FeSOy + TH.0O) 15 A 9FS AF&-3F3I T

2
N
4,
>
2l
Ll
N
i
B
[u—
()
A
ot
uits
2
a1
()
(=)
1}

1o
=
o
fr
=
ol
o
uj
o
2
[@p)
(@)
H

[

w
tob
rE
Az

Korea)® -70Col A 24A12F &A1 713 72X 3 AZAIA E28tstdth. et E2 9
TEZ ABNGFASEL A/ AR Aol £Estd ARE WAL Hob
iy

EERICEE R

ol

>

2
AL TRE A7) (DTC-6000, Dealim Starlet, Korea)S AF-&3Fe] £1] 1:100, 4
£ E(40~100C), 95 (100~500%, ow.f), GAAIZH30~120%), FE°] pH(S,
5.2, 7. 11), M3 4(1~53))59 x1o=2 Aot

~

A

n2

3) "4
@A el= Al Cu, Fe MigAIE Ar&ste] 03% mWd& A4S vbso] &4 1:1000]
A 40T 303 FA (G - A - AR - A - %) AT

v

REEREIES TR
) 2SR A 2o
pustd ade 9EE 3

F
ufo]aZ IO Z cuvetted] ©

A

18

E &
— u

R\

F100meol] 1ge o] g3sta oJHfA=E oy &
3, 200nm~700nm I HYo A A FpAHE H
33 = A (HP8453, Hewlett Packard Ltd, USA)E =43t dxT 2 S/FFE

gk, =9 3Ae FH9Re] 4 g9 tannic acidel FF A Mg

i
>~
el
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#3 tannic acid

lg& THT 10ml

(2) TLC &4
HeS S8l A F5 2
© 2 ferric chloride(FeCl

TLC(Silicagel 60 Fosy, Merck)®4 ¥
lol=Z 2 3o 2 spotting shaL A Al oF

of &aAIZl & wlo
AbgEE T Al gl B &S methy alcohol(CH30H): acetone(CH3COCHs3): dist

Q
E

illed water(H,0)=10 : 15: 3.2 3}t

pe)
= M BFLEAFT-IR Spectrometer, Nicolet 6700, Thermo
SFG T ET+ 2 tannic  acid(CisHioOy,

USA)E A}83to] KBr pelletioz =4
Sigma)E AH&3taitt.

5 K/S#t 3 &
(1) K/Sgk
dALY] F&F BEue A% AFEE Computer Color Matching system(X-rite
8200, USA)S AH&3te] Dgdd 10°A10k7f, AAEe] TAWAER(%)S 54 <
360-750nmoll Al 10nm 7tA oz =A% ZF Fge K/SgS &kt
# points K
Color Value SUM = Z i for reflectance
A=1 S’{
# points
Color Value SUM = ZAbsorbanceA for transmittance
A=1

(absorption coefficient)

juts

1%

o
1o
n‘.[o{t

TASF
AFeFA 9= (scattering  coeffcient)

HEAL-E- (reflection of monochromatic light)

=5

= I PR
juts
1%
o
1o
(£

,18,



AN
Al

e

(2) &

ol AH
= 1

o

o] AMW3lE Computer Color Matching system(X-rite 8200, USA)
3le] CIELAB ZEAAIY LY a', b, A =(metric chroma) C° 2 247 h (hue
angle)& S F, L', a, b 2FH AX(AE %S AFE8kal, Muselle] H V/C
£ Tt

g

o

AE s - [(ALY*+ (A" +(AbH)4"

6) A==
(1) AEAE=
Launder-O-meter(Yasuda Seiki Seisakusho, Japan)& A}-&3te] KS K 04300 =
sto] Algatgit. st xSkl W - B8 Gray Scale(JIS L 0804) % 5w
e, WHze] SAHEE 298 Gray Scale(JIS L 0805)= 43t

|\

4

KS K 07000] <3le] AM= A|8E carborn arc type Fade-O-Meter(HS-213,
Han Won Testing Machine, Korea)E AlM&3te] ZFEAAIZFESE Fx2ASE &

W - B8 Gray Scale(JIS L 08042 S+< #H4ssich

(4) & A=
Perspiration Tester(DL-2012, Dealim Engineering, Korea)S A}-&3to] A% A
58 KS K 071590 F3to] A gy gzl Hdo @ity  dEE HA

(DL-2013, Lab, Dealim Engineering, Korea)ol|A & T A|FXEE 38T Ax7]9
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a4 Bk ARAGAAIEFIA(TETOY A3Ee B3tk AR 2]

A-B

A x 100

Deodorization rate(%)=

A  gas concentration of blank

B : gas concentration under specimen existence

2) A A

o] z9] A A& KS K 0850-2009Hel =3t z&| - 7FA]H 3
B = A(UV-VISIBLE-NIR Spectrophotometer, Perkin-Elmer Lambda950)E o] & &}
Ak TFHS] 280-400nmell Al T 74 Snm @92 FARSIHA AlE] 294
Fes S48 g5 As o8&t A=t

o

)
it}
n
i

241 2S£ (%) = 100~ F3H-8(%)
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OH

HO C0-0

N HO COOH

111111 O
==

O

cellulose

— 1T

Scheme 2. Hydrogen bonding between cellulose and tannic acid
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concentration(o.w.f)

Fig. 4. Effect of dye concentration on the K/S values of cotton

fabrics dyed with Pteridium aquilinum extract

bath ratio 1:100
dyeing temperature 100C

dyeing time 60min
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Table 2. Effect of dye concentration on the L*, a*, b", C*, h and 4

E*.p values of cotton fabrics dyed with Pteridium aquilinum

extract”
Conc. . . . X
L a b C h AE &
(0.w.f)
100 78.04 4.63 12.08 12.94 69.04 20.83
200 74.60 5.76 14.12 15.25 67.81 24.95
300 73.63 5.99 14.41 15.61 67.42 25.94
400 71.80 6.23 15.04 16.28 67.48 27.80
500 69.73 6.22 14.90 16.15 67.32 29.40
700 70.77 6.33 14.55 15.87 66.51 27.63

xbath ratio 1:100, 100 C/60min
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Table 3. Effect of dye concentration on the H V/C and K/S values

of cotton fabrics dyed with Pteridium aquilinum extract

100 80YR  7.7/2.1 11.17
200 7T9YR  7.1/25 16.05
300 78YR  7.3/26 17.61
400 80YR  7.1/2.7 20.83
500 78YR  6.9/26 24.93
700 T7YR - 7.0/26 23.99

xbath ratio 1:100, 100°C/60min



B AFFS Yolry] fste] &u] 15100, 9dFE
500%(o.w.f), pH 52014 222 40~100C= 20CH WA A 60&7 A3 23}
£ <Fig. 5>°A YeQdeh 2% w2 K/S#Ee A43rd d&ao] 60ToAA 2
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50 -

0.0
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Temperature( T)

Fig. 5. Effect of dyeing temperature on the K/S values of cotton

fabrics dyed with Pteridium aquilinum extract

bath ratio 1:100
dye concentration 500%(o0.w.f)
dyeing time 60min
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Table 4. Effect of dyeing temperature on the L%, a*, b", C*, h and 4

E*. values of cotton fabrics dyed with Pteridium aquilinum

extract”

40 77.40 5.95 15.27 16.25 70.01 23.28
60 74.18 6.27 13.88 15.23 65.68 2499
80 73.65 4.80 16.84 17.51 74.10 26.88
100 69.73 6.22 14.90 16.15 67.32 2940

xbath ratio 1:100, 500%(o.w.f), 60min

Table 5. Effect of dyeing temperature on the H V/C and K/S values

of cotton fabrics dyed with Pteridium aquilinum extract”

60 86YR 7.1/28 16.74 -
100 78YR 6.9/26 24.93 -

xbath ratio 1:100, 500%(o.w.f), 60min
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Fig. 6. Effect of dyeing time on the K/S values of cotton fabrics

dyed with Pteridium aquilinum extract

bath ratio 1:100
dye concentration 500%(o0.w.f)

dyeing temperature 100C
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Table 6. Effect of dyeing time on the L%, a*, b', C', h and 4E’4%

values of cotton fabrics dyed with Pteridium aquilinum

extract”

30 73.12 5.39 15.06 15.99 70.29 26.27
60 69.73 6.22 14.90 16.15 67.32 2940
90 71.59 5.90 15.81 16.87 69.55 28.01
120 71.29 6.10 16.30 17.40 69.49 28.07

«bath ratio 1:100, 100C, 500% (0.w.f)

Table 7. Effect of dyeing time on the H V/C and K/S values of

cotton fabrics dyed with Pteridium aquilinum extract”

w | ssvR 7226 =
60 78YR 6.9/2.6 24.93 -
o | em oz | an |
120 84YR 7.0/2.8 22.58 -

«bath ratio 1:100, 100°C, 500% (0.w.f)

_31_



4. €5 pHOl ME MY

<Fig. 7> 1At F5 989 AN FASJUEFES AMESte] 989 pHE
3,52, 7, 112 =43 & §1] 11100, 995 500%(0.w.f), 100CAM 603 A4
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Aol e vYele= Aoldt AZE O et al, 1994). ey Aol
Bl 2 mAE 9] pH 459 pH 47Xt (Jung et al., 2003; Lee & Choi, 2011) =
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pH 3014 deke o1} Wz o] Ao ksl &S zhotate] wAbE] 2Z 99
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Fig. 7. Effect of dye bath of pH on the K/S values of cotton fabrics

dyed with Pteridium aquilinum extract

bath ratio 1:100
dye concentration 500%(o0.w.f)
dyeing temperature 100C

dyeing time 60min
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Table 8. Effect of dye bath pH on the L%, a', b", C', h and 4E"s%

values of cotton fabrics dyed with Pteridium aquilinum

extract”

3 62.63 8.61 17.97 19.92 64.40 3711
5.2 69.73 6.22 14.90 16.15 67.32 2940
7 76.55 4.96 12.50 13.45 68.35 22.02
11 73.31 4.56 12.87 13.65 70.48 24.75

xbath ratio 1:100, 500%(o.w.f), 100°C/60min.

Table 9. Effect of dye bath pH on the H V/C and K/S values of

cotton fabrics dyed with Pteridium aquilinum extract”

s esm e S
5.2 78YR 6.9/2.6 24.93 -
7 78YR 76/22 17.43 -
11 84AYR 72/22 17.38

xbath ratio 1:100, 500%(o.w.f), 100°C/60min.



AR
Af

T

|0l g 2

o
=1

T

Vel Zolth €1 1:100, 100C

ol A 1~53]

Aepe

o]
k=,

il

}

I

SEEE

o]
k=,

=9

2

<Fig. 8> 9

AT,

<
ol
=r

BAR

b A d9o 21 A= 15

offy

7}8k

% K/Sol

s}
=

7+ 57

&+

=

B

| w&o]ltH(Cho, 2010).

49 2ol o

e

bo o FelAE g et L'gk

=78

b W AE

K/S%:3 Munsell®] H

Aepe

o]
=,

=9

]

~I

V/CH ez e
A

,35,



35.0

30.0 -

25.0 -

20.0 -

K/S

15.0 -

10.0 -

5.0 -

0.0

1 2 3 4 5

Repetition(cycles)

Fig. 8. Effect of dyeing repetition on the K/S values of cotton

fabrics dyed with Pteridium aquilinum extract

bath ratio 1:100
dye concentration 500%(o0.w.f)
dyeing temperature 100C
dyeing time 60min

dye bath pH pH 5.2
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Table 10. Effect of dyeing repetition on the L%, a, b", C', h and 4
E*. values of cotton fabrics dyed with Pteridium

aquilinum extract’

1 69.73 6.22 14.90 16.15 67.32 2940
2 68.50 6.69 14.85 16.29 65.77 29.64
3 68.39 6.96 15.07 16.60 65.20 30.67
4 66.66 7.08 1513 16.71 64.92 32.18
5) 65.79 6.85 16.55 1791 67.01 33.10

«bath ratio 1:100, 500%(o.w.f), 100°C/60min, pH 5.2.

Table 11. Effect of dyeing repetition on the H V/C and K/S values

of cotton fabrics dyed with Pteridium aquilinum extract”

1 78YR 6.9/2.6 24.93 -
2 7T6YR  6.7/2.7 25.01 -
3 75YR  6.7/2.7 27.90 -
4 TAYR 76/2.8 29.89 -
5 70YR 6529 32.79 -

«bath ratio 1:100, 500%(o.w.f), 100°C/60min, pH 5.2.
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6. HFA2 &

<Fig. 9>= WAAS] F7ol wE Aol MaE yed Aot v =7hE Bhd}
ozt 2 3rst Ze fduEol WdAe] FF 2%

Mguael weh Mo WahE venmz oy gRetn #FEeHCho, 2010). w
o]

= 71—
Uelsth Al A2 Ee A 82 S ek mid A e Agdsts A
HE7] 93t mMdF5E 1.15%(o.w.H)E SH]1:100, 40ColA 30237+ A es 2=

UERA Aol ).

Table 127 Table 13& v Aol Ff/oll @& HHA Agwsts ved 2o
th Fedll Al AE" & #kol 7H¢ A Yebw i Cu, F9E, Al 22 dopxth L
e Al ol Fujd L] nle) F7bake] drolx ow Cu, Feoll & #HAslo] o
FYA a2 Al Cu, Fe $Xs X7} Fuldx B} 48t green WL

ol =3ttt b Al Cuold FuldE B} E=olA vellowH g oz o5&t
o FeolldE 7H43to] blue ko=

E3h FeSOs $AE e AAxEd S Z2F(KCO) FAAHCHsO7 - HO)E 7}

7t Aglete] Bhde] FAnkgs Eele Ay @A A xrt Ao R e
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Fig. 9. Effect of mordants on the color transition of cotton fabrics

dyed with Pteridium aquilinum extract
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Table 12. Effect of mordants on the L a’, b’, C', h and 4Es
values of cotton fabrics dyed with Pteridium aquilinum

extract”

None 69.73 6.22 14.90 16.15 67.32 29.40
Al 71.00 2.60 15.05 15.28 80.19 27.80
Cu 64.90 3.86 17.89 18.30 77.82 34.55
Fe 61.23 1.04 11.22 11.27 84.71 34.73

«bath ratio 1:100, 500%(o.w.f), 100°C/60min, pH 5.2.

Table 13. Effect of mordants on the H V/C and K/S values of

cotton fabrics dyed with Pteridium aquilinum extract”

None 78YR 6.9/2.6 24.93 -
Al 1.1y  7.1/22 22.95 -
Cu 1.0Y  6.4/27 37.53 -
Fe 27Y  6.0/16 44.06 -

«bath ratio 1:100, 500%(o.w.f), 100°C/60min, pH 5.2.
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Fig. 11. UV-Vis spectra of Pteridium aquilinum extract
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2) Thin Layer Chromatography 4]

Thin Layer Chromatography(TLC):= 8F2 plateo] v A¢] A& E spotting3t &
plateg TLC 7l &wfjol ©7} &ujel spotting® A&, plate®] F2solv =
o] zpolo o AES HElds WHolth TLCEA A 23 A& plate?] A4
¥ HAge] Melolm Kharbade & AgrawalS th%3t TLC plate®t E£3&uj=
Zg3to] Abg3 Ay A 712 plate?t benzene : ethyl formate : formic acid =74
24: 19 E3H|go] dAz:o WELoz 8" F Juu HudYtHAn &
Obendorf, 2004). TLCE m A Al&¢] spote] platedol A o]52a A2 E standard
sample®] spoto] o]&3gF Aelet Hluste] WAsk= Zlojt

<Fig. 12>° ¢]&}¥ tannic acid®} FAFsH spote] &2 At} tannic acid®] spot
= Aol 77hE FHE YEsen Aty BE AR spot2 2ET BHAF R
el aAkg] FE 99 ReRetention factor)7b 0.86%2 AT An et
al.(2002) #<el polyphenol ##E& 93 TLC #A7/Evl=Z benzene: ethyl

o
ki

formate: formic acid& (1: 70 1), (1: 7: 2), (20 5: D)= A&3stAth 1 23%= Silica
TLColl A FeClzoll o] Aoz WAy = E242 7[E318 polyphenol® 74
gkl Baskith Kim(2003)2 #euy 2717449 gd £3E] s 9l
TLC #7l€wlZ CHCI;: MeOH: HoO=70: 20: 4= Z73st Re7F 0.22, 0.40, 0.41=
UebdS  gelstdy. Shin et al.(1993)& Al EhdA RS ethylacetater:
chloroform: formic acid: H.O=8:1:1:12 #7138} ReZF 093, 0.84, 0.29= e A
ol JHeE Bl v 2rks Bde] SrEo] dtta Bt & Aol e
ANge AFATE g er uAtY FEA AR Ads=s AAEE
et HE&ES 288 JHHA A Zlolth. a1 Ad aAbE FEAY AR
tannin®] 23] Y5 & F vk ES FeClel TAAIko = wEgAZl A3
tannic acid®] spot< dark blue®] A4S UetWlow 1A FEFA A5 spote
74l E B 9] ®ES-Q greend 3 v 27FE Bh O] wES-AIQ] blued o] E9tE o] =

Mow WA o AR ASE A AARe ge mANBAd o)
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T : Tannic acid, P: Pteridium aquilinum

Fig. 12. TLC spectra of tannic acid and Pteridium aquilinum

extract
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2) FT-IR &4

W3lE A RS o] &3] KBr Pellet ©2 FT-IRS =433 21 tannic acidE
T2 AREsilth <Fig. 13>& Ak AR FT-IRAHER ZA3E yehd
Zolth, 3400cm 9] #H=A OH¢ 2930cm 'e] CH, 1610cm '¢] aromatic ring?!
C=C, 1410cm'¢] CHy, 1175cm ‘9] carboxylic acids$t 1 o] ~HZ C-O bandE &

0135t} tHSim & Han, 1993).

A wAbele] IR AFE" A¥RE AdPATe] AR Blul AFstd
Kim(2008)2 2] A& FAEE Shisonin® A2T% FA oA 3400cm ‘o] #
=4 OHS 1600cm '¢] C=C7] &% zEd &35S Fasgon,
Moon(2002)& A %3t nAd4% w999 IR 404 3400cm ' #E4 OHS}
1640cm '¢] C=07] W= 1el9 AENELS Falstgon, 1710cm ¢ FF9as
7284 b C=07] AsAEss YEHWRRE 7125475 713 4 WUk =4
5 ks Aol £ H o] otta stk ®3F Pang et al.(1996) E-Ex} Auj
e R vde AT 3496cm ‘e FEA OHSH 1619em |
1444cm '] C=C7] aromatic W&% 1#]e NEFFS Slste] BER} dujo] 7}
SR ebdd gallic acid?} 5o kil gelatdth. Jung and Lee(2011)& o
U5 27190 oo ¥3d Mo wae] R AFEHS &elste] 3400cm 9] %

OHZ H-& W99 A=x%F3 2900cm o] C-H719] A%7%, 1610cm 9] C=0
719] A%3%, 1110ecm 'e]  C-07] A&XFS glste] Byt Zetu ol =9
SFEZ FAHY dtta At Song et al.(2009) #r]olElR A F2T] el A

Pinux'Mgd & o] A4e] BAo] FT-IRS o] &8¢ 2™ 3300cm o] WA e
Y polymeric phenol®] OHS 21Z7 %3 1610cm ‘2 1450cm '9] aromatic ring<]
=4 peaket 1067cm ‘el C-O-C Z& 9 etherd] A% % peakE &91at5ln
1200cm '¢] #EA C-07] A% 2
A+ proanthocyanidin® = RISt TE  Folutel FEE9 MAAARE #4 o
(Han, 2011)ol A& Frobul o] 59 & MAE %348 B2l catechinM4AE
A3ta U E2TE cateching AMg3te] IR ~2FEY 248 3 A3} 3400cm ‘9] H] i

A Qe &4 peakd A OHY 2920cm '39 E4 peak: WHaE C-Holal

ShiA

peakE &213}o] Pinux' @27t WAldto] 270

1620cm ¢} 1410cm 9] aromatic band$l C=C7] 2% %< els¢lon, 1107cm
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Fig. 13. FT-IR spectrum of Pteridium aquilinum
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Table 14. Colorfastness to washing and rubbing of the cotton

fabrics dyed with Pteridium aquilinum extract

dyed cotton 3-4 4 4-5 5 5 5

Table 15. Colorfastness to perspiration and light of the cotton

fabrics dyed with Pteridium aquilinum extract

dyed cotton 4-5 4-5 2-3 3-4 2
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Table 16. Deodorization rates of fabrics dyed with Pteridium

aquilinum extract

Deodorization Deodorization rates(%)

Gas Control Dyed cotton
Ammonia(NHs) 28.6 88.8
Acetic acid(CH;COOH) 34.1 78.0
Hydrogen sulfide(H-S) 16.2 24.3
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2) Ao AdE
Ao Mgl E3E PR B F2 o] Hlem po HolA $e
ottt 979 Wl wel UV-A(320-400nm), UV-B(290-320nm), UV-C(200-280
mE W™ o] F UV-Cx 7] Fol LEFoA o AdHER A4z o
ol Z3EE AeHe FE UV-A% UV-Bolt. #9jAd o] 95%E At UV-
As A7F oY 59 ek glow u7hA] HFstal dR7F FoiA= SNk

o2 yepdth akef A e 5%¢1 UV-Be ol F& oy o2 doll Yehya f3o #

shadvh. Wz R EFE WAEEKS K0905)E AH&-ak3ith
67.1%, UV-B Z&&o] 684%°Iv 1Ate] FE=Hs2 @43 Ae2 UV-AdA

94.2%, UV-BellA 968% = 943 ZAyE HAT 1A dA¥x e UPFE 27T=
very good®] WFol &3] -8 AAH Ad g5 YER AT
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Table 17. UV protection of fabrics dyed with Pteridium aquilinum

extract

UV protection(%)

Test Method: KS K 0850-2009

Control 3 32.9 31.6 67.1 68.4
Dyed 27 5.8 3.2 94.2 96.8
cotton

* ultraviolet protection factor

*k transmission rate of UV-A

%% transmission rate of UV-B

wkx% protection rate of UV-A

st protection rate of UV-A

15-24 6.7-4.1% good
25-39 4.0-2.6% very good
>40 <25% excellent

Note: According to Australian Standard
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Abstract

Dyeing of Cotton Fabrics using Residual Parts of

Cultivated Pteridium aquilinum

Kang, Eunyoung
Dept. of Clothing & Textiles
Graduate School of JeJu National University

Supervised by prof. Lee Hyesun

This study examined the dyeability, fastness and functionality by dyeing
cotton fabric dyed with of cultivated Pteridium aquilinum. In this study, ap-
propriate dyeing condition of dye extracted from Pteridium aquilinum on the
cotton fabric is presented and it is confirmed to be a tannin through compo-—
nent analysis of colorants.

Extract from Pteridium aquilinum was made into powder using a freeze
dryer. Experimental variables were dye concentration, dyeing time, dyeing
temperature, dye bath pH, and number of repeated dyeing. The change of
surface color was examined after post-processing by using mordants of Al,
Cu and Fe. Dyed cotton fabrics were tested with fastness to washing, rub-
bing, light, perspiration, and the deodorization and UV protection rate were
investigated.

Appropriate dyeing condition was dye concentration of 500 %(o.w.f), dyeing
time of 60 minutes, dyeing temperature of 100C and dye bath pH of 5.2. In
terms of K/S values depending on kinds of mordants, Fe showed the highest

value. In terms of change of surface color depending on kinds of mordants,
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fabrics dyed without mordant showed YR-series color and Al, Cu and Fe
showed Y-series color. In terms of dye uptake depending on the number of
repeated dyeing, it was highest in 5 times repeated dyeing.

Based on absorption spectrum analysis of UV-Vis spectrum, TLC and FT-I
R analysis, we can find out that colorants composition of Pteridium aquilinu
m 1s a mixture of pyrogallol tannin and catechol tannin.

Color fastness to washing had grade of 3-4 in the alkaline detergent and it
was improved to grade of 4-5 in the neutral detergent. In fastness to rubbin
g, both dry and wet had grade of 5, which was excellent. In fastness to pers
piration, acid sweat had grade of 4-5 and alkaline sweat had grade of 2-3. In
fastness to light, it had grade of 2.

Results of deodorization test showed that white cotton fabrics had reduction
rate of 28.6 % and dyed fabrics of Pteridium aquilinum had reduction rate of
88.8 % in the ammonia(NHs) gas. It was shown that white cotton cloth had
reduction rate of 34.1 % and dyed fabrics of Pteridium aquilinum had
reduction rate of 780 % in the acetic acid(CH;COOH) gas. Results of UV
protection rate showed 94.2% of UV-A and 96.8% of UV-B, which were
excellent results. UV protection factor(UPF) was 27. It was confirmed that
UV protection rate of dyed fabric of Pteridium aquilinum was very good.

This study presented the basic materials to develop natural dyed products
with dye extracted from Pteridium aquilinum through reviews of composi—
tions of colorants extracted from cultivated Pteridium aquilinum, investigation
of appropriate condition of dyeing and tests of dye fastness, mordant effect
and functionality. It is expected to contribute to increase of income of farm
family utilizing cultivated Pteridium aquilinum to be disposed after harvest

time.

Key words: pyrogallol tannin, catechol tannin, TLC, FT-IR, UV-Vis spectrum,

color fastness, mordants, deodorization rates, UV protection factor.
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