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Dyeing of Cotton Fabrics using Residual Parts of Cultivated Pteridium aquilinum
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Abstract: This study examined the dyeability, color fastness and functionality of cotton fabrics dyed with residual parts
of cultivated Pteridium aquilinum. UV-Vis absorption spectrum, TLC and FT-IR spectra analysis showed that colorants of
Pteridium aquilinum are a mixture of pyrogallol tannin and catechol tannin. Optimum dyeing conditions was confirmed
colorant concentration of 500% at 100C for 60 minutes. Color fastness followed to washing, rubbing, perspiration and
light as 4-5, 5, 4-5(acidic), 3-4(alkaline) and 2, respectively. Deodorization rates of ammonia(NH;) and acetic acid

(CH3COOH) were analyzed 88.8% and 78.0%.

UV protection rate was 94.2% of UV-A and 96.8% of UV-B. UV

protection factor(UPF) was 27. Therefore residual parts of cultivated Pteridium aquilinum could be used for a new

functional colorant.

Keywords: Preridium aquilinum, pyrogallol tannin, catechol tannin, dyeability, deodorization rates, UV protection
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Table 1. Characteristics of fabric

Fabric count
(threads/5cm)

Warp  Weft

Thickness
(mm)

Weight

Material Weave
(g/m’)

Cotton

100+
100% 00+5

Plain 78 77 0.26
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2.2 Hxy

£ ATe] Agd GAE AFA fEg 4T
o el AsEAld 7, 8 98 A el 2A
nAEgA e dn E71RES AASEE AAT
A8 500 ZF4 119 @1 100CoA 6087F 3
8 W F&dto] 138 F292 EFAAL o2
SZAZ7|(PVTFDI0A, ®YAI#, Korea)Z 72X|7+
AzAA BAHG GRE IF BBstel A3y

L 5ge 485%E UEr ek

2.3 A

7ML 2 methyl alcohol(CH;OH, 1)} acetone
(CH;COCH;, 1) ARl WAR|2ES 2 ferric chloride
(FeCl,, 18)E AFESEATE FT-IR spectrum 41}
TLC EAL 93t FFF S Z tannic acid(CiaH;oO,
Sigma)E& A3} TE Tannin®] £A4-& )3} potassium
cabonate(K,CO;, 18)5 AME3I €89 pHZRES
A3} citric acid(CeHzO; + H0)2} sodium hydroxide(NaOH)
£ ARESlYth W gAIRE aluminium sulfate(Al(SOs)s
- 14-18H,0, 13), copper acetate(Cu(CH;COO), - H,O,
19)¢} iron sulfate(FeSOs - 7TH0, 18)E ARSIt
2.4 DA2|gR| MARN
241 Xje[ - 7R EF &

£ 1AEERE 1gE SH<100mlof] 35t o
BAZ ojzket & 200~700nm T WA 27k
AR B33 A (HP8453, Hewlett Packard Ltd, USA)
2 F5adELS 2o JATRE SR4E
Agstgnt g nARdRS B4 993 anic
acid &4 A9 H|wE 93| tannic acid FEEE

olgtol FAT YO 2Ptk

Ed =8

NJE

2,42 TLC &M
2% AAFEE lgg S/ 10mlo] &84
TLC(Silicagel 60 Fiss, Merck)E4-& sl ). 9

Al 9k ferric chloride(FeCls, 18)S AF&3ta, A

#
A

7i&m]+= methyl alcohol(CH;0H, 1) : acetone(CH;
COCH;, 19) : distilled water(H,O) = 10 : 15 : 3&
2 skt

2.4.3 FT-IR 24
£ A ERE HM EFFEAFT-IR Spectro-
meter, Nicolet 6700, Thermo, USA)E A}-&3}o] KBr
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pellet§ &
Sigma)E

Z223314c}). R tannic acid(CiaHioOs,
g5t

2.5 K/SZt U Az}

25,1 K/s#

Computer Color Matching system(X-rite 8200, USA)
A8l Desg e, 10°A]0FZto) 4] 380~700nm -7k
1onm o GHze] EAWALS ZYT
Total K/SZHE At&3s19h

o o o

2.5.2 Mz}
Computer Color Matching system(X-rite 8200, USA)
& A8l CIELAB EAA 9 L, ), b, C, h&

H F AE WS AEIG
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2.6 GMZARIE 5

2.6.1 MEHART

Launder-O-meter(Yasuda Seiki, Japan)E A}-&3}
KS K 04300] Zato] A@stach. W-EYE Gray
Scale(JIS L 0804)7} 2 -8 Gray Scale(JIS L 0805)
2 =32 B35ty

2.6.2 OIEAR T

AME A|FE KS K 06500 Z3}4] Crockmeter
(Yasuda Seiki, Japan)E o|&35te] AZXA|Y &34
o vt A= ZHsgch WHUE Gray Seale
(JIS L 0804)1} 2¥-g Gray Scale(JIS L 0805)2 S+&
= Wyt
2.6.3 YR

KS K 07009] &3lo] M= A|RE carborn arc
type Fade-O-Meter(HS-213, Han Won Testing Machine,
Korea)& AHgste] HREM AZHEQ AR
H-EJA08 Gray Scale(JIS L 0804)2 552 TSI
26.4 % HE

Perspiration Tester(DL-2012, DL-2013, Dealim Engi-
neering, Korea)E AF&35te] KS K 07159 &3}
A3ttt H-E AL Gray Scale(JIS L 0804)1} &
AL Gray Scale(JIS L 0805)2 532 #AsIEH
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A : Gas concentration of blank

B : Gas concentration under specimen existence

2.7.2 RSN RtErg

Mzl g0 AolH gL KS K 0850-2009
Mol Eshe] Ael7bAI% B EA|(Perkin-Elmer
Lambda 950)5 AR5}t THAE ¢ 280~400nmoj| Al
S 7H4 sim WSIE FAIEA AZY A4
2728 245 T AR ol §3tel AEshdrck

UV protection rate(%) =
100(%) - UV transmission rate(%p) ««=-+«-eeseeeeeeee: @)

3.1 TA2|ERe| 4EEN

3.1.1 Thin Layer Chromatography £4

Figure 19] ©J3}H tannic acid®} -FAFgE spoto] &
=3It} tannic acid®] spot2 WP 7H7HE FEH=
Uepton] mabe B AR ot 2EHW
f¥os vtk 1AE 3299 R(Retention
factor)7} 0.862 el dct. ZH 9] polyphenol £
& 3t AFoA TLC AL Z benzene : ethyl
formic acid& 1:7:1,1:7:22:5:1=2
Z-gsto] Silica TLCAO|A FeClioll o8 Moz
HEE 29e 4EaE polyphenol2 AT
1 BRuSI. AFUE E714-9 Bl EFE
22 & 98l TLC A7j&uwj2 CHCL : MeOH : H,O
=70 : 20 : 45 A&} Re7F 022, 040, 0412
e ERIsET”, AR EPdAES ethylacetate :
chloroform : formic acid : HHO =8 : 1: 1 : 12 A/}
o Rz} 093, 0.84, 0.29= YR Aol 71EIE Bt
d 52712 ghdo] F¢Eo Atka Rty

2 AN APAFE o2 1AL
Ao A gof AFst=s AMNEHE Est]
= 248 7HAA Algstgith I A Ak
Aol o] tannino] EZJHE O] USFS & & Utk

TS FeClio WAAfo = W-EA|7] A3 tannic
acid®] spot2 dark blue®] MANS UEMH oM, JALE

formate :

=
e o
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T : Tannic acid, P : Pteridium aquilinum

Figure 1. TLC spectra of tannic acid and Pteridium aquilinum
extract.

ZZ2H X2 spot2 7HE|Z BP9 ¥F-g-2l green
A w272 gd o] ¥h-gMQl bluedo] E3E
o] F2Moz WM o|ZRE KM EA
o] FeEo gt Aew AHA FHEF A
B 02712 gtdARo] A mAlE] AR =
Zoo] Easte] EAE Aee & 4 Aok
3.1.2 FT-IR &M

Figure 2= AujAle]o] R AMEY ZAujo|ch
299 MAg FAEL Shisoning] MATZR EA o
A 3400cm’ 2] =4 OHQ} 1600cm™ 2] C=C7| v}k
Z 379 AEAES elstgen’, F&at nl4g
% 52979 R 24 0|4 3400cm’' 9] #H&4 OHS}
1640cm™ 9] C=07] W= 129 AZNEL F2lst

AL Yehjunz 722478 7k A 9
5 ThFE AEo] ZatE o] ot sy
B8 o] FgE RN Bl BYd
Foll Al 3496cm™ 9] W4 OHS} 1619cm’, 1444cm’
9] C=C7] aromatic H&FZ 179 AZAFE &<
dto] EE2} gufje] shgEa] Bhdo) gallic acid7}
ol Aot GRS, duR £7]9k Yol
w3 Aao] vlmo] IR AMEZS Bhelske] 3400cm’
o] #li54 OHE Y2 W99 A& 53} 2900cm ™ 2|
C-H719) AZA%, 1610em’'e] C=07]2] AZF,
1110em™¢] C-07] AEHFL Belste] Yuirt &
gRo|=9| SFEE FAH ik sty
grrjotel AUR fmjolA A% Pinux M@ Z 9
Mol BAe| FT-IRE o] &3tgom 3300cm’ 9]
WA UeRd polymeric phenol®] OH A1&21ET} 1610cm’,
1450cm™ 9] aromatic ring E£4 peak® 1067cm’
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C-0-C 239 ether A4 &5 peakES IsH
931, 1200cm' 9] #i54 C-07] A% peakE B¢l
sto] Pinux g7 wlAFko] 27) Eolgl: proan-
thocyanidin & 2 18} ch?. Fohutyl F&E9| A4
& 24 Aol Fobt Yol & = A
=38 Eldel catechin A2 7435131
cateching AME3lo] IR AHEY BENS
3400cm™’ 9] ¥lwA Y F4 peake] FEA
OH®} 2920cm” Ho] &= peaki W= C-Hol
I, 1620cm™ 9} 1410cm™ 9] aromatic band®l C=C7]
AZ2AEL FQletgdon, 1107cm’'9F 1050cm™ 2]
C-07] A&5AEE UeER o= thx7< catechin
o] IR &¥EY peak®} H|2F F2E YEHX
Aok s, o)Ay AYATLES uigroz A
IA FEEEY R 2HEHS vug 241 A
F= e aAtg FEHo= FTF Bd vk
E Bdo]l EFEY U &
Mag 2t iRy, 4R, AR, AP Uy,
, 7HE SOl slew ol AT A
de 7H Aem Huga Qo aAEe] F
of Bd A&FS BRI AW m=ItE
Eldo] 0.5727g, 7HHZ Efdo] 0.1650g2 2 EMG
A Yl HE27HE Bdo] 7HHE BrdET 3
v o] wo] qhfEo] Utk Husty glem vt
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Figure 3= Ajul ZARRIARE ©]&5to] &H] 1:100,
A& pH 52, AMAZE 608, FMLE 100CAA &
WS 100~700%0.wH2 WA Z|HEA G
AME K/Sghe uehd Aotk ddEE 500%
N e At F7ME4E TR oo
U 3 o]Foll= ®EF Atk o]2RE Ate

2929 FAY FEE 500%YS & & Qleh o
Agole olg A8start
3.2.2 gMRcof ulE Ay

Figure 4= G w0 w2 A E] ks
olr 7] 9Jste] &] 1:100, pH 5.2, GAMAIZF 608,
Mt 500%0w.NollA LES 40~100C HJolA] 2
0CH WstA7|m Gag Aot K/Sghes Aur
H et AsEes ALsiA gl F7etdth

IA Y FE2H GAoA AR EO] AN &
ds = 37 dEel Y =& 80Csx
U, dAE 100CHA Hae &4glo] &
Huz B2 doA ofF A 100CeA 2
Atk
3.2.3 FAA|ZIO| @2 HAHM

Figure 5= WA EQ Azt @2 @3}
J#zg vebd Zelth 4] 1:100, pH 52,
2% 100C, AEE 500%A 30~1208 #
A 30E ez ALY WstE Fu o
Ak 60NN 7 Ee GEFL Holw o3

L @Fwol gastt AL & 4 vk
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Figure 2. FT-IR spectrum of Pteridium aquilinum extract.
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Figure 3. Effect of dye concentration on the K/S values
of cotton fabrics dyed with Pteridium aquilinum extract.
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Figure 4. Effect of dyeing temperature on the K/S values
of cotton fabrics dyed with Preridium aquilinum extract.
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Figure 62 -] 1:100, FAAIZE 60, AHE=
500%(0.w.f), BMLE 100CoA FL9] pHE 3, 52,
7, 112 27ste] AT WHEY TS vehd
Zolch. A} LA FR) pHE 528 A 1A
9] pH 45475tk £ Ao2 yepgr™?
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Figure 5. Effect of dyeing time on the K/S values of
cotton fabrics dyed with Pteridium aquilinum extract.
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Figure 6. Effect of dye bath of pH on the K/S values of
cotton fabrics dyed with Pteridium aquilinum extract.
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K 20| Aol okt He 7SI 1

o pHYl 52014 @ME Aot
Table 2= WHEo| pHol we EwAle] WsE

Uehd Aotk @€9) pH 3el4 AEwgtel 74

27 Ve, pHitel HobA4® AE.gtol ©

oMt AB}E Hth L' pHike] Wolass

oL AL HIPI, a gL pHFo] Wolrs
& S7kste] o] iRt
3.2.5 Mzl WE FAY

Figure 7& WA &9 GM3|o] W2 FdFe
Uebd Aelth &u] 1:100, pH 52, M= 10
0C, AT 602, AAFE 500%0.w.NO] =71

AM WM ANG Aotk FNHGT} 3
V4% Kisgel St AFe def A of
dmol g 7o £aZo] dojub thExR}
ol A drot 447t BT A=
BE 7k Aol AL dojur] fo|t?.

Table 32 HIEQ GMI|fo wWE FHA

of o rir
ok

AFAEE BEPE Zolth AE o, b BE &
betel AAE AFE YL, L'ge Fa
o] o] =Y.

3.3 oigmo| A

2712 g4 sEE gde Fes =89,
Sujzl, 7, B9l 2L dRES WERY £
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Figure 7. Effect of dyeing repetition on the K/S values of
cotton fabrics dyed with Pteridium aquilinum extract.

9 ojuralo] weh Mol WsE tenjmz oAl
Hemz 2rEn?,

Figwre 82 74He 22 dud 2go] ugA
of THE AAMEE An7] g5t ABE 115%
(o.w.D), £H] 1:100, 40Co| A 3057 K23t A=
Uehd Zolth Al HEe A we Fae 4
YL, Feol AYEL FBA, Cuol Hem:
graoz vyt

Table 2. Effect of dye bath pH on the L* a* b* C* h and AE*ab values of cotton fabrics dyed with Preridium
aquilinum extract
pH of dye bath L' a b C h AE
3 62.63 8.61 17.97 19.92 64.40 37.11
52 69.73 6.22 14.90 16.15 67.32 29.40
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

Table 3. Effect of dyeing repetition on the L*, a* b* C* h and AE*ab values of cotton fabrics dyed with Pteridium

aquilinum extract

Repetition L a b c h AE
1 69.73 6.22 14.90 16.15 67.32 29.40
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 15.13 16.71 64.92 32.18
5 65.79 6.85 16.55 17.91 67.51 33.10

Y pEe A A 26d A 15
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Figure 8. Effect of mordants on the color transition of
cotton fabrics dyed with Pteridium aquilinum extract.

Table 4= wjEA|e EFo| 2 w9 W3}
£ uEhd Aolth Feold 4B, ol 7 2
U T Cu, RUjGE, Al 02 YolHch

Lghe Al wigeln Rujgze] wjsf F7atol
grobglom Cu, Feol Al Zt2dto] o]FZTh o
e AL Cu, Fe $AG 7t Rojgx wo} 7
a3te] geenYFOE O)FIHAL, b AlofA
R GE B} gobA yellowdFoR o] FitHe
o, Feo A& 7taato] blue WEFo 2 ol Fatoirt.
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B3, FeSO, A gt Mo gHAFEE(K.COs)
o} FHXHCHOH0)2 22t A 2|5t Ehde] A
U= Rl 23 sk E AP Evt Ao R
VeI tAst Hejxrp Ao g yehd 1A
FZ 487} taminA YL AT o] At
£ S5t WAA SFHl ot ook M4 U
BE2 B Ao AMgd 1Al FEHEE
A Axo] EAQ g dRdE s

A TAFEHER AT HAEY dNARES
oot 7] 9J5te] £uH] 1:100, FAEE 500%(0.w.f),
A= 100C, FMAIT 608, F&2] pH 52914
AL ANl

Table 5= @A HAES wpaa g =9
235 Yehd Zolth v AR EE H, 5 21 2
FolA sea9 W S AY=E Yeiflen,
Agdges g29 AAE AHsHRe o 3452
2 yegon HAFM Ao gutyes #{s
I e FAEAA(NE, A4FHE AHESH] AT
A7 45559 5% HAFEE HAth HdS
T 295 HAMEAR ARESte E¥tolE: g
22 G dFolA 99 WigAgE AEEE
=7 FAEGSGY. agug nAelE GAag Wy

=9 A" Aolle SAAAE AHEste Aol wiE

Al
ol

Table 4. Effect of mordants on the L*, a* b*, C* h and AE*ab values of cotton fabrics dyed with Pteridium aquilinum extract

Mordants L a b C h AE
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 5. Colorfastness to washing and rubbing of the cotton fabrics dyed with Preridium aquilinum extract
‘Washing Rubbing
Color
Alkaline Neutral Dry Wet
fastness
Fade Stain Fade Stain Fade Stain Fade Stain

Dyed cotton 3-4 5 5 5 5 5

Textile Coloration and Finishing(J. Korean Soc. Dye. and Finish.), Vol. 26, No. 1
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Table 6. Colorfastness to perspiration and light of the
cotton fabrics dyed with Pteridium aquilinum extract

olsM - 229

Table 7. Deodorization rates of fabrics dyed with Pteridium
aquilinum extract

Perspiration
||
Color Acidic Alkaline Light
fastness
Fade Stain Fade Stain
Dyed - 45 34 34 2
cotton

Table 62 GAITH WA B Aot G
8 /13 2nE dehd Aol A=

A 259eE WA Yy FF Az FAS
Azt A7 dasiot

A=Y A Yy o= HEA
3459, 2499°] 3458 E]’IH‘X’)\ o, AHdE
oA WEMo] 4-55F, 2¥o] 4-55FLE ST
ANE Bt
3.5 TAl2|gMzo| 7|5M
3.5.1 2%

Table 7= FAT A Z9 2HAF A digt 2
}E yed Aotk #EWMUEZE YR St

100C oA 6087t 53] ¥HE QMg Rujgxg A

gsheh YAATOIA BATE el B WA,
ol WA, AR WAL S AA, 27 34 5
o itk @ WAl @rmuol, &4k ol dud|E4k
Eo] Sojglu, ol WY H9E ehmol %
A, o] &M AL, U] (nonenal) YEOZ Hof 9]

gmUol, Ak WAM =gt

AHBo] o] 91 Tl WAjol= <
ok, 24k oMEYHE, Hd, P
FES] k. 2e7] WAl s, wAn

Deodorization rates(%o)

Gas Control Dyed cotton
Ammonia(NH3) 28.6 88.8
Acetic acid(CH3COOH) 34.1 78.0
Hydrogen sulfide(H.S) 16.2 243

ageg 2 dFodAs Yol 24 3t
Zheo Hig 234 AEE AT
Table 73} o] FEUol 7EANHy) o A= HHE7}
28.6% AL et wAE] JMEZTL 88.8%
Hags vetl dEyol 7hao] gk 3ol &
Aoz eyttt 2AFACH,COOH)| tist A3
A= WHEZ7E 34.1%0]2 AR SMETE 78.0%
= EZ Fokea 7FAS)oAE W
E7} 16.2%0]31 AN GMET} 243%=2 VER
Z7} Folpd Tk disiis 2340l
2 A ol ARz HduE o
22 5 EAL =9 HA, iAEE EA,

=l %*AHS’J JE gmUotel At gt &FHA
o] #tRE To LFEY] HE HxRoly X,
A5 5ol §80] 758 Aoz 7jddn
3.5.2 X2 Xi¢hd

o)L ekl £3E A Bk g2 ot
Fol oz eof Ho|z b= Yot} oo e
of wa} UV-A(320~400nm), UV-B(290~320nm), UV-
C(200~280nm)Z UFH o] & UV-Ct tf7] F9
LESNA dEE AEHER A2 dFo] £3
He AYHE FE UV-A% UV-Bolt}. 2He]41 9]

=27, Edvdotnl, Yol g&o] S ot 95%% AA|Sh= UV-Ae H|7F eAY 59 doj=
Table 8. UV protection rate of fabrics dyed with Pteridium aquilinum extract
UV protection rate(%o)
Test Method: KS K 0850-2009
T(UV-A)%* T(UV-B)%*** UV-Ax##* UV-B####
1 PE(SPF)*
Sample UPK(SPR) (315~ 400nm) (290~ 315nm) (315~ 400nm) (290~ 315nm)
Control 3 329 31.6 67.1 68.4
Dyed cotton 27 5.8 3.2 94.2 96.8
* ultraviolet protection factor **  transmission rate of UV-A ***  transmission rate of UV-B

#xkEk - protection rate of UV-A
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#xEkx protection rate of UV-B
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