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Abstract— The aim of this study is to develope eco-printing method using natural pigments and chitosan as a natural
binder. Three chitosans with different molecular weights were employed to find appropriate conditions including chitosan
concentration and pigment/binder ratio. Dye uptake, color and fastnesses of the printed fabrics were evaluated to find optimum
conditions within the range of experiments carried out in this study. The effectiveness of chitosan as a printing binder was
examined in comparison with color, dye uptake, and fastnesses of conventional synthetic binder and guar gum. It was found
that chitosans with low or medium molecular weight were appropriate. Using low molecular weight chitosan, optimum
concentrations were 1.7% for charcoal, madder and chlorophyll, whereas 2.2% for ocher, yellow soil, indigo and cochineal.
Regardless of molecular weight and concentration of chitosan, the color fastnesess of fabrics printed with mineral pigments
were superior to those of the fabrics printed with plant and animal pigments. As pigment/chitosan ratio became higher,
rubbing fastness was decreased by 1-3 grade. The colorfastness of printed fabric with chitosan binder was similar to that with

synthetic binder, which was higher than that with guar gum.

Keywords: chitosan, natural colorant, pigment, Eco-printing, binder

1. M &

_sie da 4o Ad ARlld Base

F W57t 43 099 FHoz =P gt
Sfera =) etz AA@A A il
ol gtk Lejy AAFNE Ans
g, Aol a4, AgEY Herw Z
ARE AUz 9o o HFs] $
o] A1 gck

AAGNe A A A 0L s F40)
A Age G AN AZo] AA ) AH
g A Agalolo] BEstd F&u ARz
82 Hol MREAZ oblT 4+ o g
Aol w7l AREYe] AFHo 12y
ooz fgAE AesteetE o8 ez
H5ok A A 7] el ol 3t EAG el A

= AE Mol 4 Fdol P, 18m

L
= 3 Hold &+ A= 4
o] ANE | o) o 2~ L Z
gde wed guENe Je 5 9t dn

o

O

2

Hlus & o EJE=] wE MY FHE 'Y
sto] thefet bkl Aol Eop o SLOI;}E}. E
Ao A At AL =A 2 R
Ao AAEH AEE A A dAg=
€ 0|83 ol Hgt d7F st o] Fold
a7t ot

Z|EARS JAREARZ @A diFe] H7IH
A, A% 5o AR FH Ao A
of Faista FrBELE 7HAL Yo, A
°of 1 AEsFoloiA AFAFHA Aol
AF7HA 7| EAE A2 E o] 83 AAFM A=
it Aol ot dAg Fde A% ASolH
Y 7IRARe 2 QAR & 2R S o8 e
doll Te AF7E ok HAGRE o] 83 I
< G HEF, 7HAR, Fordd 22 dd
T2E ARSSHAYTT dAAel o A4 Wt
E o83 dd "I} o] AFE=o R

1
BRI R

TCorr(-:‘sponding author. Tel.: +82-62-530-1341; Fax.: +82-62-530-1349; e-mail: yshin@chonnam.ac.kr
(©2011 The Korean Society of Dyers and Finishers 1229-0033/2011-6/90-99

190 |



7 YA, 24 HhelY 2 o] 83t Yol B

AL wug A olc,

B AT AE AAdRe EAS vlER

83 WA G71eS AL, 1 FRAS

AESHAT 71 EAY BAFY B, 7|24 o
S

ot

NAYEE 24t AH2AL BEFHYT 7]
2l < sty g3 71E
of AHgSIT G Fobd W FAuIE e vl mat

N
>
ol

21 A2 U Al

Bajgko] thE 3% 9] 7| EXAKYB Bio Co., Korea)
= AlFolA Fdste] AMgsen, 1 EA4S
Table 13} Zth A EL2 KS K 09059 #AEH &
H3Z(plain  weave, density; 74(w) x 68(f)/inch?,
weight; 122g/m?, thickness; 0.32mm)E A}-&3} 4T}
3=/ 9F=(Hongik Biotech Co., Korea) 2= &,
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Table 1. Characteristics of chitosan(0.5%, 20C)
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A3t HPR AR =L AATCC Method 116-
19800] W} AT AHE SHE W =4
A48 Do) 243 oF BAE AAYL A
g3le] WrlstATh. UBHFEL AATCC Test
Method 16-2004 Option 39]] &35}¢] Xenon Test
Chamber(Q-sun, Xe-1-B, Q-Panel Lab Products,
USA)E AHESHY] 20A17F 3 A & dFHFEE
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Molecular weight Appearance Viscosity(cps) Degree of deacetylation(% )
Low pale yellow 13~14 92.0%
Medium pale yellow 360~450 86.6%
High pale yellow 600~700 81.0%

Textile Coloration and Finishing, Vol. 23, No. 2



3.1 7|EAte] EXjEF0| Hatdnt Az =of
Ojxl= ge

BRe] Fol7h Ak 352 A AL ALEE}
X% 12%, SRS 7] EANY] B[RS 12002 27
sto] dle AEo @awm A &7 Aws
Table 22} Zth &E, &=, T =AY, ELEE% ot=
o) A4 FEATAA, =FEL] A ABA T
A axwol % A Ut 25 249

B9 3, FEAF AEANAL F AlolA gu

2bepo] Zrashe o] vrebth
oA 7| EALS] EATFO] #E4E HE7t FoL 7
EAF gHo] ZEYHR o] AFSEA] Kk
AExH] Y= A Al AA=N] fEL
2 Aad" A 7| EAY] BAFFE A, F B2
Foz AaEn ol Qxtz7|9t “'3’-}3’-}7-'"“_:—' u
it ¢t5 9 HH4Ydxe =4 2, £ 17.79m,
BE 12.25m, =FE 10.37m, AT 9.34m ©] %]
o g9l £o] thE ¢tr H3| Aoz
2 RHo Yerygth =377t 10mo] Al A%
e FEATY 7I1EAb] A3e Aoz yehg
o, ol YAAVI7F 245 w2 F=Y 2EH
o] Waste] ExlFo] AH oz 2 y|EAlo] &

ole g2 5k

ST
dUBAo] dojdom ARAY S| AT
2ol 7Hs st

DEAA AL A, FEAG B3 el g

ot Aoz 22
A77t Wad Ao Azdck

gt} olo] gt Bk A= 9l

Table 2. Effect of the molecular weight of chitosan on K/S, Lx, a*, b & H V/C values of the printed fabric

Chitosan

Printed

Pigment MW K/S camplo H V/C L a’ b’ AE’
Low 1.52 48YR 7.0/50 7041 1542 2384 5710

Ocher .
Givangoy | Medum 240 32YR 63/58 6339 1984 2535 4228
High 1.54 47YR 7.0/53 7062 1647 2511 3583
Low 127 04Y 7.6/3.7 76.15 6.30 2553 27.60
ngzw Medium 115 0.5Y 7.53.5 75.97 5.81 213 2653
High 0.96 04Y 7.83.4 7827 5.56 2150  24.62
Low 1.26 10.0B 53/00 5449  -101 101 3794
Charcoal Medium 293 3.3P 4.1/0.0 42,67 0.05 009 4975
High 1.57 1.8PB 5.100 5246  -0.10 014 3997
Low 1.69 6.3R 6.0/0.2 6120 2466 1356  41.62
Madder Medium 238 5.8R 5.5/6.6 5608 2684 1395 4691
High 1.00 6.9R 6.6/5.1 6722 1994 1189  33.80
Low 2.74 72GY 5721 5903 -8.65 1208 35.69
Chlorophyll ~ Medium 421 76GY 5124 5282 942 1206 4170
High 2.77 69GY 5620 5769  -7.86 1151 3663
Indigo Low 122 21PB 5717 5891 2.50 524 3433
Cochineal Low 2.05 LORP 5.1/64 5311 2105  -1055 4656

SRGMINEB

SIolAl M 252 A 22




Zzte] AgFogamanel A 4 %3 A3,
A Gl EA o] FE@00nm)= YR
, =P E@00nm) YAE, EFA1(500nm) RA|
d, S22 Y(E00m) GYALE FUFA ek
ok whebA 7] EAte] Hajepo] Aaye] vl Ak g
< 3A F2 A d 7 A =Y Brol=
A EzZro] 0olx Lotoz WA & u BMoz
TYEH o] B o Musts ik
Table 39| GMAHEE B, FE4H d=e &
Satrl BIEUT | Abe] RAlFo] A Eo
nAE gL Yotk FEA dro AgAAE
£ ENe gRE 4. 455F olglon W HR
o gt L P2 BF STE2RE Ul F2dt
A%E Bof A A O HRE old A2 de
E gl Zo® eyt 584 2 484 ar
A% F3 A%E degou 2o ¢ A
A= A YEiE o v s *x:x]"%]:
o] FVMEE FEHe BF= ER2H, A=A
Fo 71 EAS AHER Aot IAES 58 Al
o) A s} v Wtk AF ARl BE
3 e Pole 455G fostdlon /)
B4 99 EAo] ujAE JFLe A

ng r{m

Lo

IS4 MHMAZS 0|28 Eco—Printing(MI1E) | 93 |

T AEAY A=Y BS235H
=g Ko 53] drie w¢
= 37t A% Avtdos FAEA dREOE
FE4 A7 Y St gl AR A=
HE ol FEA R Z3E Sl F&
o2 7|EALS] -OH 23 o] AAE=E 45A
7 Aoz Alm¥th

A e dAAY AFE dEEHE F
Fol 2 o, P, =FE, £, FEAY, 2227
A= BF FEATY 7IEA0] AT Aoz
aotE

A2 A= el wA

P A A 71 BAbS ol &
tef el 7} 2t w= WY WA 1.2%, 1.7%,
22%% WzhE Fof FAstA®. 3, L 2AF 7]
B4R 083t & % 7k A Aol vl
Holl 7127F FAYste] kR ete] Ziko] A3}
o] FARA| okt

ol)l

Table 3. Colorfastnesses to washing, rubbing and light of the printed fabric

Pigment Chitosan — Washing Rubbing Light fastness
M-W Stain Dry Wet (20hr)
change
Ocher Low 4/5 5 4/5 4 5
(Hwangto) Medium 4/5 5 5 4 4
High 4 5 5 4 4/5
Low 4/5 5 4/5 4 5
Yellow :
Soil Medium 4/5 5 5 4/5 5
High 4/5 5 4/5 4/5
Low 3 5 3 1 4/5
Charcoal Medium 5 5 4 3 4/5
High 4/5 5 4/5 3/4 5
Low 4 5 2/3 1/2 2
Madder Medium 4/5 5 3/4 3/4 2/3
High 4/5 5 4 3/4 2/3
Low 4/5 5 2/3 12 2/3
Chlorophyll Medium 3/4 5 3/4 3 2/3
High 4 5 3/4 3 2/3
Indigo Low 1 5 2/3 1/2 1/2
Cochineal Low 3 5 2/3 1/2 2/3
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Table 4. Effect of chitosan concentration on K/S, L', a’, b & H V/C values of the printed fabric

Chitosan Printed

Pigment Conc (%) K/S ample H V/C L’ a’ b AE'
1.2% 1.52 = 4.8YR 7.0/5.0 70.41 15.42 23.84 34.67
(H(\z/iegrto) 1.7% 1.69 , 5.5YR 7.0/5.1 70.27 1496  25.08 35.34
22% 179 M 5.1YR 7.0/5.6 70.73 16.77 27.25 37.30
1.2% 1.27 0.4Y 7.6/3.7 76.15 6.30 25.53 27.60

Yellow
Soil 1.7% 1.30 0.2Y 7.5/3.9 76.07 6.87 24.48 28.53
22% 0.98 1.0Y 8.0/3.5 80.59 4.81 22.58 24.09
1.2% 1.26 10.0B 5.3/0.0 54.49 -0.10 -0.10 37.94
Charcoal 1.7% 1.98 7.2PB 4.7/0.0 48.09 0.00 -0.16 4433
22% 3.24 1.9PB 4.0/0.1 41.72 -0.14 -0.34 50.70
12% 1.69 6.3R 6.0/0.2 6120  24.66 1356  41.62
Madder 1.7% 1.92 6.9R 6.0/6.8 60.35 26.98 1606 4439
22% 2.38 5.4R 5.5/6.5 55.88 26.61 13.06 4671
1.2% 2.74 72GY 5.7/2.1 59.03 -8.65 12.08 35.69
Chlorophyll 1.7% 3.69 74GY 5.4/22 55.18 -8.74 11.57 39.20
22% 5.03 73GY 5.0/2.4 51.87 9.36 12.65 42.73
12% 1.22 2.1PB 5.7/1.7 58.91 250 -5.24 3433
Indigo 1.7% 2.14 1.2PB 5.0/2.2 52.23 -3.86 -7.49 41.43
22% 1.19 0.3PB 5.8/1.6 59.84 -3.46 -4.90 33.42
1.2% 2.05 1.0RP 5.1/6.4 53.11 2105  -1055 4656
Cochineal 1.7% 2.39 2.1RP 5.0/6.8 51.92 23.57 9.63 48.54
22% 1.13 1.5RP 6.0/5.6 62.11 17.94 -7.85 36.83
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Table 5. Colorfastnesses to washing, rubbing and light of the printed fabric

. Washing Rubbing )
Pioment Chitosan Light fastness
e Cone.(%) Color Stain Dry Wet (20nr)
change
12% 4/5 5 4/5 4 5
Ocher
1.7% 4 5 5 4/5 4/5
(Hwangto)
22% 4 5 5 4 4/5
12% 4/5 5 4/5 4 5
Yellow
) 1.7% 4 5 5 4/5 4/5
Soil
22% 5 5 4/5 4/5
1.2% 3 5 3 1 4/5
Charcoal 1.7% 4/5 5 3/4 2/3 4/5
22% 4 5 3 2/3 4/5
1.2% 5 2/3 172 2
Madder 1.7% 5 3/4 3/4 3/4
22% 4 5 172 1/2 2
1.2% 4/5 5 2/3 1/2 2/3
Chlorophyll 1.7% 4/5 5 3/4 3 2/3
22% 4 5 2 2 2/3
1.2% 1 5 2/3 1/2 12
Indigo 1.7% 3/4 5 4/5 4 4/5
22% 3/4 5 4/5 4 4/5
1.2% 3 5 2/3 1/2 2/3
Cochineal L.7% 4/5 5 4 3 2
22% 3/4 5 3/4 1/2 2
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Table 6. Effect of pigment/chitosan ratio on K/S, L, a’, b & H V/C values

Pigment : Printed N . . .
Pigment K/S H V/C L b AE
igment Chitosan / sample / 2
Ocher’ 1:20 2.40 32YR 6.3/5.8 63.39 19.84 25.35 4228
(Hwangto) 1:4 3.08 2.6YR 5.9/6.1 59.90 21.45 25.43 45.53
Yellow 1:20 1.15 0.5Y 7.5/3.5 75.97 5.81 22.13 26.53
Soil 1:4 425 0.4Y 6.4/5.0 64.50 9.17 31.33 41.42
) 1:20 2.93 3.3P 4.1/0.0 42.67 0.05 0.09 49.75
Charcoal
1:4 8.21 1.1Y 2.8/0.2 28.91 0.38 1.06 63.46
) 1:20 2.38 5.8R 5.5/6.6 56.08 26.84 13.95 4691
Madder
1:10 3.07 5.6R 5.2/7.0 53.23 28.83 14.36 50.38
) 1:20 421 7.6GY 5.1/2.4 52.82 942 12.06 41.70
Chlorophyll
1:10 4.83 74GY 5.0/2.4 51.43 943 12.46 43.11
= 1:20 2.14 1.2PB 5.0/2.2 5223 3.86 7.49 41.43
Indigo
1:10 6.49 2.8PB 3.5/2.4 36.09 277 -10.03 57.64
. 1:20 2.39 2.1RP 5.0/6.8 51.92 23.57 9.63 48.54
Cochineal
1:10 3.40 0.9RP 4.5/7.3 46.34 25.39 -13.31 55.04

*  Medium, 1.2%

** Low, 1.7%

Table 7. Effect of pigment/chitosan ratio on colorfastnesses to washing, rubbing and light

. Pigment : Washing Rubbing Light fastness
Pigment f
Chitosan Color change Stain Dry Wet (20hr)
. 1:20 4/5 5 5 4 4
Ocher
1: 4 4 5 3/4 3 4
Yellow 1:20 4/5 5 5 4/5 5
Soil” 1: 4 4/5 5 3/4 3 4/5
B 1:20 5 5 4 3 4/5
Charcoal
1: 4 4 4/5 3/4 1 4/5
. 1:20 4/5 5 3/4 3/4 2/3
Madder / / / /
1: 10 4 5 2 1 2/3
. 1:20 3/4 5 3/4 3 2/3
Chlorophyll
1:10 3/4 5 2/3 172 2/3
» 1:20 3/4 5 4/5 4 4/5
Indigo
1:10 3/4 5 1 1 4/5
- 1:20 4/5 5 4 3 2
Cochineal
1:10 4/5 5 1 12 2

*  Medium, 1.2%

** Low, 1.7%
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Fig. 1. Screen printed works; (b)

cochineal, (c) chlorophyll.
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Table 8. Comparison of K/S, L', a’, b" & H V/C values depending on binder type

P i ted * * * *
Pigment Binder Ks 0 H V/C L a b AE
sample
Chitosan” 2.40 - 3.2YR 6.3/5.8 63.39 19.84 25.35 4228
Ocher
Guar gum 0.90 5.0YR 7.5/4.0 75.64 12.14 19.57 27.19
(Hwangto)
Synthetic 132 43YR 6.9/4.6 70.10 14.51 21.12 32.82
Chitosan” 2.93 3.3P 4.1/0.0 42.67 0.05 -0.09 49.75
Charcoal Guar gum 2.19 0.8GY 4.6/0.1 47.75 0.14 0.41 44.64
Synthetic 3.95 2.1PB 3.6/0.0 37.50 -0.07 -0.16 54.91
Chitosan”~ 2.14 1.2PB 5.02.2 52.23 -3.86 -7.49 41.43
Indigo Guar gum 1.94 1.8PB 5.0/1.9 51.72 2.94 -6.37 41.61
Synthetic 0.98 5.7PB 6.0/2.4 61.74 -0.86 -1.72 32.20
*  Medium, 1.2%
** Low, 1.7%
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Table 9. Comparison of colorfastnesses to washing, rubbing and light depending on binder type

Washing Rubbing .
. . Light fastness
Pigment Binder Color
Stain Dry Wet (20hr)
change
Chitosan” 4/5 5 5 4/5 4
Ocher Guar gum 4 5 4/5 4/5 4
Synthetic 4/5 5 4/5 4/5 4/5
Chitosan” 5 5 4 3 4/5
Charcoal Guar gum 2/3 4 4/5 2 4
Synthetic 4 5 4/5 4 4
Chitosan”~ 34 5 4/5 4 4/5
Indigo Guar gum 1/2 4 4 2/3 3
Synthetic 3 5 5 4 1
*  Medium, 1.2%
** Low, 1.7%
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