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Abstract— The purpose of this study is to develop eco-printing method using natural dyes combined with chitosan treatment to
impart various pattern effect on cotton fabric. It was examined whether tone-on-tone pattern effects could be produced by screen
printing with chitosan paste and subsequently dip-dyed in natural dye bath. For polychromic colorants, fabrics were pre-mordanted
and then screen printed with chitosan, while only chitosan printing treatment was applied for monochromic colorants. Color, dye
uptake, washing, light and rubbing fastnesses of printed fabrics were measured in relation to the presence of chitosan printing.
Pre-mordanting and chitosan printing treatment were applied to such polychromic colorants as madder, sappanwood, onion and
cochineal. Also, printing pattern formation on fabrics was evaluated by differences in dye uptake and color. The results suggested
that madder, onion and cochineal were effective on pattern formation. Regarding sappanwood, since dye uptake was increased only
by pre-mordanting without chitosan printing treatment, there was little color difference and thus patterns were not clearly
distinguished. Chitosan printing treatment tended to increase washing, light and rubbing fastnesses of dyed fabrics with polychromic
colorants. Chitosan printing treatment was applied to monochromic colorants such as chlorophyll, gardenia and indigo and the effect
of printing formation was examined according to the difference in dye uptake. Among monochromic dyes tried, chlorophyll was
effective and chitosan printing improved washing and light fastnesses.

Keywords: chitosan, eco-printing, polychromic colorants, monochromic colorants, pattern formation
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Table 1. Effect of mordants on K/S, L*, a*, bx & H V/C values of the chitosan printed/dyed cotton fabrics

K/S

Chitosan ~ Mordant Sample H V/C L a b’ AE
O\max,nm)
None 0.91 86R 6535 6602 1349 978 3077
(450) 6R 6.5/3. . . . .
2.57
Al E00) 47R 55/67 5601 27.66 12.08 47.02
Untreated 59
Cu E00) SOR 52/44 5312 1798 916 4392
2.46
Fe 500) TORP 4.6/2.1 4752 844 040 4575
Madder 6.10
None 00) LIYR 43/43 4341 1755 1600 53.95
5.76
Al &00) 82R 43/5.6 4311 2391 1568 56.59
Treated 590
Cu (300) 90R 4.0/40 4094 17.04 1312 5540
F 6.14 89R 3.6/2.1 3633 953 601 57.04
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K/S

Chitosan Mordant Omanim) Sample H v/C L a b AE
Non 2.92 24YR 5.5/51 5571 1834 20.13 44.92
13.34
Al 60) 78R 32/60 3189 2582 1601 67.37
Untreated 614
Cu (430) - 79R 2.4/26 2379 1223 570 69.83
13.12
Fe 35YR 2.5/13 3538 530 478 67.27
Sappan (460)
wood 11.64
None ; 21YR 4.1/57 4149 2174 2271 59.16
(460)
15.61
Al 50) 76R 2.7/48 2712 2073 1148 69.22
Treated 1378
Cu (430) - 75R 2.4/20 2472 980 448  68.46
Fe 15.03 30YR 23/1.1 2324 455 368 69.32
50) . 3/1. . . . .
None 9.38 o= 9.1YR 6.1/50 6227 1026 3003 4234
400) |
8.67
Al (400) 9.6YR 6.3/50 63.84 935 3087 41.59
Untreated 4 e E
Cu (400) . 8.5YR 5.8/5.5 5870 12.16 32.00 46.67
Fe 336 9.7YR 6.0/43 61.18 798 2654 40.43
. (400) | -:: 2:_- . . . . . . B
Onion _
None 13.60 55YR 4.0/44 4057 1444 2256 57.60
(400)
11.64
Al (400) 57YR 43/41 4357 13.18 2125 54.12
Treated 1277
Cu #00) - 3.8YR 3.9/42 3943 15.13 1894 57.65
Fe 13.16 84YR 3.827 3854 7.9 1556 55.97
400) . 8/2. . . . .
None 0.18 87RP 8.0/18 8105 478 075 1256
(520) . /1. . . . )
1.28
Al (540) 94P 5.6/4.1 5821 12.08 -7.84 37.77
Untreated 056
Cu (540) : 98P 6.722 6894 552 314 2477
0.78 SR
Fe 6.5RP 6.3/0.7 6495 2.12 0.3 27.61
Cochineal (400)
7.82
None (540) 1.8RP 3.02.6 31.06 1120 -552 62.89
6.95
Al (540) 1.6RP 3.3/3.1 3370 1276 -640 60.76
Treated 635
Cu (540) 0.7RP 3.2/2.1 3330 852 -500 60.18
Fe 330 69P 3.4/13 3452 430 -430 5840
(540) . 41, . . . )

Bt=xGHUIIZISI A A 232 Al 3=
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, Al 124

(@ (b)
Fig. 2. Fabric samples with pre— mordantmg/chltosan
printing/madder dyeing; (a) Al—premordanted, (b) Cu—
premordanted, (c) Fe—premordanted.

(b) (©
Fig. 3. Fabnc samples with pre—mordanting/chitosan
printing/sappan wood dyeing; (a) Al—premordanted,
(b) Cu—premordanted, (c) Fe—premordanted.

© 0 0 60

— ﬁOﬁOKOﬁ w: Mordant
%@ﬁ@ﬂw ), : Chitosan
Fabric
é : Dye
Dyeing

Fig. 1. Premordanted/chitosan printed fabric model.
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(@ (b) (©)
Fig. 4. Fabric samples with pre—mordanting/chitosan
printing/onion skin dyeing; (a) Al-premordanted,
(b) Cu—premordanted, (c) Fe—premordanted.

(@ (b)
Fig. 5. Fabric samples with pre—mordanting/chitosan
printing/cochineal dyeing; (a) Al—premordanted, (b) Cu—
premordanted, (c) Fe—premordanted.

=

Fig. 6. Screen printed works; Al—premordanted/chitosan
printing/cochineal dyeing/chrolophyll printing with
chitosan binder.

A=Ak geel ofat B2 ujue £ 34
oGP Aol7t = BEAY, o}, =
deo] Agsttn & 4 ek

Bt=xGHUIIZISI A A 232 Al 3=

3.1.2 GMART

F|EA G A §70] BE JNAZE
M3l Table 29 2tk T LY 4§ wbE A
Fr7t 55aolA 45F2E Tad AL A9
stil ffRE F|EA 98 AHFEe H$ AE,
A oA =st 2719 AL Vel
HEAYE ofFd AHYE 511 &S 4% Al
S E 2534 WEdH 7EA a8 A
BEE A55FLE, dFAFEE 2534 34
Sgo@, nRAEL AxA 455FA 5
TELE FAEHAL

A5 AL Agd=Ele g7t Ayt o]go] ¥
ZAEo] T & & v|3 ¥ FFHFS UEY
Aut SAF Adto] o]FojAA] P& Ao A
g2HT 53] offd AYE sHA] ¢ A4
A5 Mg & Aifo] GAElo] Aol Wiyog
wslElge}. o] At WA BA Yo =)
3t 9l -OH7] AAL A% gz figt st
go] A9 gle AS YehfEot

Futo] e mjdstA] kil 7| EAF HEut g
A7 AgAF=E 235F0A 45532
271 g AT Al Cu WjEe A2 AS A
=7} ofzk ZAadtgth Az wpFAYEL BE
o251 Ueht 7EA 2 HE 980 9%
& WA GAAT, H& PEAARE vjdaA
G AL gz Fasty, fET ALE E
AdstA vehdth dBAHEE Fefdo] F¢
£ ozt F7FT oA ke Alzel Al
g NRE 7 Fadts AL et

FXL9 AL 7|EA GE Ao wet Ag
A== 25 FAEID o|g2 YR &
gttt Ax nfRAFIEE S55TFOER FUHA
ety 7| EALY] S wHA] g= AR UE
G & bR AFE] AL 55N 45F
o2 a9t dFAI=E fdstr] g
AR AE= TYsHA 35522 Yegen Al
tjde] A9 7 Hastt Cu, Ferige] H
Qo= ozt Fbste AFS YeriTh

tjHetA] g 7| EAF A7 {57 nE A=
vl A3t 7| AN A7t 2YEY A=) oft
Aot Ao etk Aa¥oR d=7t |
AeRTHE 71BN £ o 38H d2Eol gl
o] 2% Hth WAL -OHHEUTM:= 7|EALY)
NH,717} 989 §3ek 8 Eat oflet 4
2o 3 2FYe 943 Aoz AT



JIEA L HHAMA

un

0lZ8t Eco-Printing(M22) 1 175 |

Table 2. Colorfastnesses to washing, rubbing and light of the premordanted/chitosan printed/dyed cotton fabrics

Washing Rubbing Light
i M f

Chitosan ordant Color Stain Dry Wet astness

change (20hp)

None 2 5 4/5 4/5 2/3

Untreated Al 3/4 5 4/5 4/5 23
Cu 23 5 4/5 4/5 3

Fe 3/4 5 4/5 4/5 23

Madder None 4/5 5 5 4/5 3/4
Al 4/5 5 5 4 3

Treated Cu 4 5 4/5 4 3/4

Fe 4 5 4/5 4 3/4
None 1 5 5 4/5 2

Unireated Al 12 3/4 4/5 3 12
cate Cu 2 3/4 4/5 4 3

Sappan Fe 2 4 4/5 3/4 3/4
wood None 12 4/5 5 4 12
Al 23 4 5 3 2

Treated Cu 2/3 3/4 5 4 34

Fe 3 4/5 5 4 3/4

None 23 4/5 5 4/5 3/4

Al 4 4 5 4/5 3/4
Untreated Cu 3 4/5 5 4/5 3

on Fe 3/4 4/5 5 4/5 3/4
non None 4/5 4/5 5 4 3
Treated Al 3/4 5 5 4/5 23
Cu 4/5 4/5 5 4/5 3
Fe 3/4 5 5 4/5 4
None 2/3 5 5 5 3

Al 3 5 5 5 3/4
Untreated Cu 5 5 5 5 3
Fe 3 5 5 5 3

hineal

Cochinea None 4 5 5 4 3
Al 4 5 5 4 3
Treated Cu 4 5 s 7 7

Fe 4/5 5 5 4 3/4

3.2 BN R0l 7|EM WY St ARel A% Aol ok FARAT. AR

[} =

Wi 7|EANY] Qe A 23 AERes
-rXPéH"ﬂ A¥Aor HAEHL S Aew #
ko] mA L GFL A | EA 4 "ot XA} g5l FAHAEQ ZZ2AL 7|EA
A2 5 3 Ei 29, Mz}, 2oz I A J} Aol Yol 7|BAF AY At =X o
=9 dREn A 54 % A= Table 37 Zt}. & Aog ARED?. AL 7|BA AT G7et
Zza990 Ao dtko] su| AE(2.04—10.54) Al YAERE FLsHA Yerstth oA
=71stgnh o)l FEANAE Y o8] HaE w A B G2AFY Zold A% £F FA
el N7 40 A7 @ Aoz o © FART Ao Amndn

3 dzero] Z7ket Aow Ar=E) %9 o= dFFl & Aol flSlth

AN GRere] Zjolof o3t L'gre] Wl A ddrae|m 7|EAN] JFE WA ¢

T P=7F ol GYAIEE FUsHA UEhidth AE2 e B2 2o 4t g3Ee= AL

A4 o A7 AN Aol A4 o
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Table 3. Effect of chitosan printed/dyed cotton fabrics on K/S, L*, a*, b* & H V/C values
K/S N * "

Chitosan (Aoma1i) Sample H V/C L a b AE
2.04
Untreated (400) 9.4GY 7.1/1.9 72.84 -10.05 10.48 23.23
Chlorophyll 10.54
Treated > 9.6GY 3.9/2.3 40.63 -9.91 9.42 53.06
(400)
4.92
) Untreated 0.6Y 7.8/11.0 77.06 18.47 68.14 70.26
Gardenia (460)
jasminoides 6.04
Treated 1.3Y 7.0/9.7 69.82 15.00 61.29 76.08
(440)
Untreated (66.61(?) - 2.7PB 4.2/4.7 43.99 -4.88 -1828 5272
Indigo 505
Treated ) 1.5PB 3.5/3.3 36.55 -4.96 -13.20  58.07
(660)
(a) (b) (© .
Fig. 7. Fabric samples with chitosan printing/natural dyeing; ) R .
(a) gardenia jasmnoides’ (b) Ch|orophy||, (C) |nd|go F|g 8. Screen printing works; Chlorophyll dyelng.

Table 4. Colorfastnesses to washing, rubbing and light of the chitosan printed/dyed cotton

Washing Rubbing .
Chitosan Light fastness
Color Stain Dry Wet (20hp)
change
Untreated 3/4 5 5 4/5 2
Chl hyll
OTOPY Treated 5 5 4/5 34 23
Gardenia Untreated 1 4 5 4 2/3
Jjasminoides Treated 12 4 5 4/5 2/3
. Untreated 4 5 4 3 3
Indigo
Treated 4 5 4 3 3
ARET AL PBAGR FUSHA Uen 322 EM ZAE
AzrFe] 2jolo]| o L'gtat A=t astgch Z1EAN G AE {50 OE AN

S dRo] F|EARS Jol2TAR o]§ W= Table 491 Atk SEEIY AP AlE, ¢

3 x" Ee Mg dAE Figs 787 BAKEL FAEow naAzEe] B¢ 7
2k FEA 9ol off B-2-E wjuo] £ &Skt Ao A9 ASAHEE oS weo
F FAolE AR Hol7h 2 Fzede|  ©, H& nAAEI} 47 FretEom UFA
Aq3e Aoz BoEt A=l FUA dehgeh B A9 AEA &

Bt=xGHUIIZISI A A 232 Al 3=
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