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Effects of Oenothera odorata jacquin Dye and Mordants on Chitosan Fiber
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Abstract

This study provides an eco-friendly dyeing processing for chitosan fiber using Oenothera odorata jacquin
as a dye. The effects of chemical mordants (Al, Cu, Fe) and natural mordant (Chestnut shell) on the color
change for dyed chitosan fibers were measured by K/S values, L, a*, b*, H, V, C values, color fastness,
and antimicrobial activity. The results are as follows. Dyeing conditions of Oenothera odorata jacquin on
chitosan fibers were optimized to 70°C, 30 minutes and 200% on weight of fabric (o.w.f.). The pre-
mordant concentration of aluminium (Al), copper (Cu) and iron (Fe) of chitosan fibers was optimized to
3% (o.w.f)) and 1% (o0.w.f)), respectively. The post-mordant concentration of chemicals, such as Al, Cu
and Fe, on chitosan was determined to 1% (o.w.f.). The hue of chitosan fibers by chemical mordants was
measured to be reddish & yellow. The pre-mordant concentration of Chestnut shell of chitosan was
optimized to 70% (o.w.f.). The post-mordant concentration of Chestmut shell on chitosan was determined
to be 50% (o.w.f.). The hue of chitosan fibers by Chestnut shell mordant was measured to be reddish &
yellow. The wet cleaning fastness of chitosan fibers was improved by a pre-mordant that used chemical
mordants. In the case of the Chestnut shell mordant, the wet cleaning fastness was improved by a post-
mordant. The dry cleaning fastness of chitosan fibers was excellent regardless of mordants and mordant
methods. The antimicrobial activity of the chitosan fiber was shown at 99.9% and its excellent qualities
remained after the dyeing and mordant processing.
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3L AL, 187 AAYEFQ FUrEE U
HatHel AEE AABEAL B PAlE gl g S
Aeiste] SAdEAAL Cu, Fe)ol HAEA (&)
of g Mzl 9 WG AE B} ggte]2e
s ¥ FaHoIEE, 882 Oenothera odorata
Jacquin©) 3L, &3 we) AR 8L Chestnut shell
ojtt, GulojR o R HE] FE§ Fdeo] M FHE
<l ZrlelEdiibe olEy] iy, vl AF T |
A7t SV 2 RE FE% 99 ML FAAEQL ¥
& gdelx), e, aidsl, G EAvt de AR B
I U

APE2 3A, 7| B4 AHol S| d4 4]
HHAZARE, A7} FE)o ©& K/S3L, L, a*, b*
& 2 H V, CE St AYHSE HESY,
] gAz7L 4339 X4, 38 2444 &
golE g Al P4, AAMEAY T L wigy
WA, Folg)ol whE K/SgL L, a*, b*3t 2 H, V, C
£ &35l MPAsE dESAT AR, el
A 2 nguiyd] mg GAAITE A5 4
2, AE3H T YA, GolFE G4 Al A, Adq
4 2 utE gl uE g 2389

LA #
1, AR 9 Al

HAZ

£ Ao AH-E A EE dabi s a@G@elA AR
g 71BN RAXE AMEI . AlEe B4-2 <Table
1>3} 7},

2) X4 % oRN
FAE GRoIREGEe ¥, 27, o £F FHls
AR, A EAlE &9(FhHE AHEEIAT

3) Alek
T EA = FALF o EZF(AIK(SOs) 12H:0,
aluminium potassium sulfate, Duksan Pure Chemical

Table 1. Characteristics of fiber

Chitosan 100%| Non-woven

Co., Ltd), 3H+21(CuS04-5H:0, copper(l) sulfate
pentahydrate, Duksan Pure Chemical Co., Ltd), 3%t
H(FeS04TH20, iron(Ml)sulfate, heptahydrate, Duksan
Pure Chemical Co., Ltd)(¢}3} Al, Cu, Feolgh 3HEZ A}
£33t F7A AP nutrient agar(DIFCO Lab.),
nutrient broth agar(DIFCO Lab.), brain heart infusion
agar(DIFCO Lab.), tryptone glucose extract agar(DIFCO
Lab.), 31 E-FWNaCl, sodium chloride, Duksan Pure
Chemical Co., Ltd), Q1452 EF (NaH,POs-2H,0,
sodium phosphate monobasic, Duksan Pure Chemical
Co., Ltd), M2 QAL E F(NaHPOs 12H,0, sodium
phosphate dibasic 12-water, Duksan Pure Chemical
Co., Ltd)& AH&-31th AlEtd s ol A8 AlAl e
KS M 2704 7}2A =& AR50t =2tol g
JAZE 24e HF22993(CLC, Duksan Pure
Chemical Co., Ltdy& AH&-3t51 ).

2. Ay

HMAFEE Y S5

gutolE MAFES gulol¥d By, &7, ¥
100g& 74 1000mlo)] E3L 90°CoA 60%-7F 33
o) Ax Y3tk AAFENL 3H FUEE7](Evap-
orator, Rotary Evaporator Re 200, Yamamoto, Japan)&
AHEEke) 100mlE Y FE3Ath &¥e AgE
3 &2 g Agsldon, MaxFe 9 wE2 g

ol FUT WY R s,

2) gl gl o

gulo] 2 &g o] &3 FIEAN HF 9 Al ¥
AzAL 2R3 A3t du) 1110082 GHolE
el EE(50, 60, 70, 80, 90°C), A7H(10, 30, 60,
905, (10, 50, 100, 200, 300%(0.w.£))S WA
A A5t

Avjd-2 Al Cu, Feg 98] 1:30, &% 40°CelA]
2087l 9, 2005; o] o} &, 2006) EBE
(1, 3, 3%(o.w.f))E HSANAL, §HFFAE AH|
1:1008.2 90°CoA] 6087+ Pl EFX(5, 30, 50, 70,
100%(o.w.L))E SN A AAAN T F S5tol& ¢
Ao Ha Ao JEA MRS s

Fuige gutolE dMe HA 2702 7B
ARE QA T Arigs FYT 2A0E miEH
g st ZE 482 33 uhEsih



3) gz Y FHM =Y 5) gt =8

F 22 A=Al (Computer Color Matching System, AL FAFO B B F CATF (Staphylococcus
JX777, Japan, ©}3} CCMolg}t 3hE AMg-3led 2 94 aureus, ATCC6538y2 A48, #5544 &4
AlEe FHWALES 24 £ Kubelka-Munk2] o} 2] 35t
& K/Sag A&y

EE AP 108 08 2433, Bkt B2 L. 23 % &

AH95% A B FhE Adstgt

FHME AAAE AMHE-Ste] Munselle] E44A ¥ 1. 7| EA Mo o4
o Aol A AAH), FE(V), NECO)E
T3tk CIE Lab¥ A}l 9314 L, a*, b*3te 24 R0 ME He
st <Fig. 1> g@ojZe 9% 7|EA Af 44 A

AH) 1:100, A7} 308, FE 200%(0.w.f)8 =790

4) BMHR| = =Y A} G5 (50, 60, 70, 80, 90°C) Wit W& K/S

(HAEA = # 23 Z Folr}.

AEAZ) £ Launder-O-meter(Koa Shokai Ltd, Kyoto, <Fig, 1>9)A4] K/SZH& 70°ColA Huighe, 1 o4
Japan)E ARE-8le] KS K 1SO 105-C019) &3l & o] LEME 95% A2 2AbH ] W] KIS
Azt &g Vet 7| B4 AR S GRS Bl

(2) =gtolE AR Re dgste] wkgAdo) & olv|w7|(-NH)E U

=gl dARE e =eolZEd Al 7] (Sungshin 5813 & polyamined) 3HEEol7] WEojthAl
Testing M.C Co, Korea)Z A3l KS K ISO 105- 45, %<4, 2008).

Do1el] $3fe] 2438t wela gRo|Eom FEA AR G4 A AR

3) ¢34z = £ 70°Celth.

UFAZEE Fade-O-Meter(Carbon arc, Atlas Electric
Devices Co, US.A)E AME3E] KS K 07009] &3} 2) AlZIOh e dE
o SA3t. <Fig, 1>& gutol o] 23t 71 B4 4F 4 Al o

H} 1:100, &% 70°C, FE 200%(o.w.f)o] A FAA) 7k

20 20 20
18+ 3% 181 18+
of E 1 t 16} :{/I\?—HE 16+ ﬁ 1
4+ 14 14+
w 12r o 121 w 121
& jo- 10} ¥ 10t
8+ 81 8+
6 6 6+
4+ 4~ 4+
2 2 2+
0 1 i i i 1 0 i | i | O i | i i i i i
50 L ™ £ 2 0 2 4 80 80 100 0 5 10 150 200 250 300
Temperature (°C) Time (minutes) Concentration (%)
(Treatment condition: (Treatment condition: (Treatment condition:
temperature; liquor ratio 1:100, time; liquor ratio 1:100, concentration; liquor ratio 1:100,
time 30 min., conc. 200% (o.w.f.)) temp. 70°C., conc. 200% (o.w.£)} temp. 70°C., time 30 min)

Fig. 1. Effect of dyeing temperature, time and concentration on KIS values of chitosan fiber dyed with Oenothera
odorata jacquin.
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(10, 30, 60, 90%) W 3}o] w2 K/S7t 2 A 7}o]r}.,

<Fig. 1>91A] K/S7HE 308904 HhzhE, 308 o]
Folle Zadhe A2 Jeyt ditdoz g4
AlZkel F7tetd A & 2 9EFFHe] FUiEA
A Qo] P IFEYF, oA %, 2004), A
o] F o] At A Aol Hadts ZoE 4T
AJT) B A7 Aie olg) e Ao Y
St
A ggte]E£o 2 J)EA Afe 94 A A
A ZHe 30%-0]t}

3) S0l e Ak

<Fig. 1> Dol o3 1B Af g4 A
AH] 1:100, =% 70°C, A7+ 302904 GAF=(10,
50, 100, 200, 300%(o.w.f.)) H3}le] W& K/Sgt A7
ojt}.

K/SE 3599 27t $71 uet 5718l
200%(o.w.Lyol A Hulzhe e, 2 o] T
NME thd ZASFAAT expde] W2 Yehgt
o] Freundlich¥d 5-2F2rat47 fA13 Jejlz 4
89 T2 7t uiet QFFFo] Frsta, 93
BYo| =23 o] F= FAQ ol FsloE &
2 o o) FFHEA we A 2.

wEhA 2 AoA ggelEoZ JEL
A A A FEE 200%(0.w.f.)°) T}

At 8

(O v
o] Fe] g Fall, gRol £ o F B HAH
Y A AR FAEAL 2= 70°C A 308, FE
200%(o.w.£)2 A skt

30
28
26
24+
2+
zr =3 %
18F 3%

72 ] 16 -

24l
12F
10 F
8t —o—Non-mordant
6 —u—
4t —+—Cu
24 —a—Fe
0 ] i i i ] 1

0 i 2 3 4 5

Pre-mordant concentration of chemicals (%)

2. iR R YN S0 ME AEY

1) Mof

<Fig. 2>+ $AIA F=(, 3, 5%(o.w.f) B &
&) fFEE(5, 30, 50, 70, 100%(0.w.f.)) H3}ol| wh
£ K/Sgkolt.

<Fig. 2>olA 71E4 e FHANIAE o) &3
A g A, GFFo] B4 YeElg o, 53] Cu Av)
d Al 7HE & o] et ol 7| EA A
7} Cu o] g F&o] ¢-73h7] WEo|th A&
%, H5d, 2008). T3 Fe Auld Al 7|EA HHE
5%(o.w.f)oll A Hgkol vebovt, wigA s=7t
Z7tgtel uiet ERddol EAEAT. HEkA B A

£ Aulg Al AL Cuf] FEE 3%(o.w.f), Fedl ¥
EE 1%(0.w.f)E A3}

3 7 BA AF9 KSEe &79 tlEEE 70%
(o.w.£yolA Hulizte] vrebstth.

<Table 2>= A EAI ¢} &l GAE o83t
FNEA RAZE AujdRE] & goto|F 559 2%
70°C, A7+ 308, FE 200%(0.w.f)E GAHS o
L, a*, b*3ta} H, V, C3t Z3E ek Zlolth

A E o) 8- AwlE A, L2 Fulgell
H)&) Zasoe] Aujdel] o3 HEr} RolA= A
Z Yl Al Cu, Fe Al Al, a*35} b*gke
Fujda £L3 +a, +b(red-yellow)d G ol A3
o} HEHS 7o A yellowZ vERgo, Aoy
Al Al yellow, Cue yellow, Fex= yellow redZ wil
A FF7l wt Mo Wstsdnt. vk Al Cu,
Fe A @ A] Fu @l H]3] BEr} Bolxs Aoz

30
28
26
24
22
20
18
16
14
12
10

i}-—— E/I,//I————:t:

K/S

—o—Non-mordant
—a— Chestnut shell

i (| i ] H i
0 20 40 60 80 100
Pre-mordant concentration of Chestnut shell (%)

L L L L L N L )

SN oo

Fig. 2. Effects of mordants and pre-mordant concentration on K/S values of chitosan fiber dyed with Oenothera

odorata jacquin.
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5292 4031
a* 6.46 6.15 8.48 1191
, b* 32.10 32.62 2067 20.96
Chitosan
H 2.69Y 0.85Y 8.28YR 7.70YR
v 5.13 465 3.82 4.66
C 497 497 393 483

e TH CR2 Al Cu Aulg Al Zojgd = st
o AE7F ZA FERE, Fe Al A Fojgol H)
3 A=7F A Jebdel,

9 E olgg A A, Lk Frigel vlsf 2+
adtlom e ofs) HErl Rolxe Ao & 1
EStTh &3 Muld Al a*3 3 bAgke Feilga 3
gk +a, +b(red-yellow)d ol 123ttt HEhe Znj
@ 2] yellowZ Welgo}, &3] Aufjd A yellow red
2 Aol Mlslch. vike &3 Mg Al Fujg
o Bla} Hert RolA e Ao2 Vet cgke &
3] Aufd Al Fuigel vis) oha 2As A

2) TN

<Fig. 3> FAMEA T, 3, 5%0.w.f)) ¥
499 Wi EE(5, 30, 50, 70, 100%(0.w.£)) H 3l
w2 K/SgholTt.

<Fig. 3>4 71E3F Af€ FANEAE o]4 3
Fold A, K/SELS Al Cu WEA B571 2713
et AT ole WEA TR 9 FE o

30
wf =
i KX
24 - -
nt \1/
20r \’//’/t
8F73
w 16
v 14 F
12
10F
8 —o~Non-mordant
6 Al
L ~o—Cu
g - —a—Fe
i | i H 1 [l i
0 0 1 2 3 4 5

Pre-mordant concentration of chemicals (%)

24 Z7vgel whe} vk M gA 7 AR AgEs
E AAH7) WEoE AgEr} K/SEL Fe i
A % STt uet thd Sy, oAb Wl
2 Ve A i EA o] Foll F3E A Gt o
A B AFoA FAAAR EA A T Al
AR M PETE Al Cu, Fe BF 1%E A48l c)

T3 EA ARl KSEE £99) MigEE 50%
(o.w.L)o1X Hhgke] Uebsttt.

<Table 3> T GA| 2} S FA & ]85}

FIEA RAZE dPo|E T 2% 70°C, A7t

308, FE 200%(0.wh)E B4 T FHIH AL 1)
9] L, a*, b*3t34 H, V, Cat A5 veRd Aot}
FANEAZ o] &5 Fuig A, L2 Fuldol
vl H=r} 2ol e A og eyttt a*3kd) bt
FAAME Al Fold FUS +a, +b(red-yellow)
o $1X AT Hat2 Ful g Al yellow® Ve
U, Tl A] Al yellow red, Cue yellow, Fe
£ yellowZ v A F57ol upe} A do] wslstg]ct.
VEE& Al, Cu, Fe Frid A] Fof el v Hx=7}

©o
39
5o

30
28
26
24
22
20
8
16
14
12
10

- /I\I’//I

K/S

--o—Non-mordant
—s—Chestnut shell

I i [ 1 L i
0 20 40 60 80 100
Pre-mordant concentration of Chestnut shell (%)

T 1 1 1 1 7 1.1 f 1§ 1§ 77

SN BN

Fig. 3. Effects of mordants and post-mordant concentration on K/S of chitosan fiber dyed with Oenothera odorata

Jjacquin.
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Table 3. Effect of mordants of post-mordant on L, a*, b*, H, V, C values

X 71 A .
a* 6.46 4.10 471 10.63
. b* 32.10 32.76 34.12 6.29 22.58
Chitosan
H 2.69Y 0.55YR 1.80Y 5.88YR 8.73YR
v 5.13 499 3.93 1.95 441
C 497 5.05 4.80 1.38 4.83

ol & Ao 2 UETh Ca Al 3 A R
Aol Hls) A=t A vest oy, Cu, Fe $ui4g
Al Fuj ol ws] A=t BiA vyt

ST E 0|43 Fuld A, Lt Ful ol vls) o)
goll o8] Bt YolAlE Aeg Yehgth argtat
b*gk &3 Folg A Feld FUF +a, +b(red-
yellow) 3Gl AAHAE. HEL2 Fold Al yellow
2 Uepgtou, €3 Fuld Al yellow red& A A}o]
WAt 71EA AR vake Fug A Bojg
o W& BEst YolNe Aeg Uehgrh 1B
AFe CEE Tl Al Erjdol wis) da 24 H
At

waba] 2 Ao 7| B4 Afe) AL Al Cu,
Fe, &9 9] A4, Told A3}, T2 reddish & yellow
2 A=

3. g@4AE

1) MEZAZ|=

<Table 4>= @30 & o3 7| B AH G4 A,
HAZ Y EAN(AL Cu, Fe) L HIAMIA (&
), HFEF A - TRyl e 1, 3, 53 Ag =
HEAR 5 Aot}

<Table 4>°l|A HE 7} AlEHSIGo)] FAIQlol Fuly,

Al, Fe Amig Al 3~4%F, Cu Avllg A 2~-45F0
E FuGAE o} £3 Aulg A AEE Fags
FAFBIATE. Al Fe Alulg Al B E 0 gL AE3ls
oA #Agle] 2~35F 22 Fuld@dsF)l Hsl 24
HA AW E 0 FL A3l AAglo] Fulg A
55, Al, Fe vl Al 454, Cu Amlg Al 4557
o7 53T

£3 Aulg A, A3l #A Qo] Mg 55
, LFL HNE 345F, AN 455302 A

-120-

A=t B4 Aud fFARIAY S84 of
= £39 FAHE wdo] NEAZRE & A7l

= AFA e} A GG, ©1F =, 2009).

A FAE o83 Tl Al, 1B A9 Al
ghzse Ng3lgd #Agle] eIt sSEFoR F
) H (3~45F)el H3l FFHUT. WA E 0 G2 A
g3lgee] ARl Al FHH A] 357, Cu g Al
2-35F, Fe 19 Al 45722 FrlE@sH)H &
AEAY ZAEAT AYE 0 FL A A
glo] Al F)g A 557, Cu TgE A 4~55F, Fe
Tl Al 45302 Fud(GEF)LE ¢34t

&3 Fojg A, A E3lgd BAglo] HEE 455
T, LH9L2 WX 245, ANE 45F2E AE
A =z7t 3 Tl FAAY g4

£ A7 71E% AiE Fullg AdE $43
F&FH A =rt et ole BN A4
7t B9 whgAgdo] & oivlr|E v it
A3E ¢ A Trt $53EE aidyg o] A
T Ak APA7H GRS CHETY 9, 2004). £
g A4 WA FIEA AR AR =st Redrg
72 AL FAYINA LEHE 71BN HF B
9] NH; 7} 39 A 9% g2)57) 2oz 7t
Aok =g A, AAuE Al HEst AWzun
HE7F L o= G4, fdAH L AXEA 137
X Ed9] grdo] v dAFH I, o] F HHYo]
ulolzgdBEo] gl HWAS EH &ol3A B
7] qEo2 AZEGRIES, He4, 2008).

£ A7 AgAs = FAuA A Fallgol, &
g A Aufjge] 53 Aoz Vet

2) EEpo|Ee|d7Ee

<Table 5> ©@Ro|Ed 3 JEA 4 G4 A],
AW E (AL Cu, Fe) 2 A H (&), G PEA -
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Non-mordant 4 4 5 3-4 4 5 3-4 4 5
Al 3-4 2 4 3-4 3 4 3-4 3 4
Cu 4 3 5 34 3 5 2-3 3 4
Pre-mordant
Fe 4 3 4 4 2 4 3-4 2 4
Chestnut shell 5 4 5 5 3 4 5 3 4
Al 5 3 S 5 3 5 5 3 5
Cu 5 3 4 5 2 4 5 2 5
Post-mordant
Fe 5 4 4 5 4 4 5 4 4
Chestnut shell 5 4 4 4-5 3 4 4 2 4
el me 1, 108 Eetolgey F sy 2 PUAGEH)T U B ege =o

JAF = Asjolt}.

<Table 5>9l|A Egto|F YA T Seto| e
J Slpol] AAGlol Fuld, FAMAAE o] &3 A
Ee HE STHFOE ST UM E oge =
gholZa]d Jgroll FARL) Al Mg A 55, Cu,
Fe AW Q A] 4~55F 22 Bl (55T A8
o Az 9L mate]FEy Fo #AQle) Al
Cu, Fe AW A] 55722 ¢34}

&9 A A, Egfo| YA =lo|gg
3 Zlpol BAIGL0) WE 557, P ANE 45
w7, AUE 55302 4 Avidd FdsAY ¢
F3t3 ).

AN AAE o] &3t FuH A, EetolEE

32
e =gfo|ZEd el #ARle] WEI 55RL

olZad ol AAYC] Al Cu FuiH A 554,

Fe Fulg Al 455322 FriA(5EF)H F-3%A

o AME 0 Ee =dtolEEd Sl #AIRM] Al

Cu, Fe 3|94 A 55Fo2 Fuld(SeH)% 5Y3t

STt

&3 Fuig A, =2 edA

3igrol) BAIRI] MET} 557,

, AN 5EFeR 9 e fAlstd

2 d7olA =etol2EdddEe B4, &Y
BE 58 A0z yeiyth ek 714 A

of ool M Al jEEF R AR eI} 7

7 AAvE S H-&3h A, B35 Hd |

Tl =¢E Zeg 7dEn.

& ol &g

K
=L
H

>~

|
[e]
=

A4

A

Table 5. Effects of mordanting processing and various mordants on dry cleaning fastness of dyed chitosan fibers

Non-mordant 5 5 5 5 5 5
Al 5 5 5 5 5 5
Cu 5 5 5 5 4-5 5
Pre-mordant
~ Fe B 5 5 5 4-5 S
Chestnut shell 5 5 5 5 4-5 5
Al 5 5 5 5 5 5
Cu 5 5 5 5 5 5
Post-mordant
Fe 5 5 5 5 4-5 5
Chestnut shell 5 5 5 S 4-5 5
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3) YA

<Table 6>& Go]Eo] o3t 7|BA M4 G4 A,
v E(AL Cu, Fe) @ AA G &), fgupad -
Ful )l w2 YFAHT AFo|oh

<Table 6>9\X Fullg A F1EA Afe 43743
B8 359, AEAE o] 43 Al Al A 357
o8 Bujdn FY3IAT, Cu, Fe Av|g A& 45
Ho At ANAAE )83 &3 An)
g A, 35722 Fulds 5T

FANGAE o)-&3 Tl A, 71 EA HRe) 9%
AZEE Al Cy, Fe Tl Aol 45702 4H
Ak AAMAAE o] 43 &9 Fuig A, 3572
2 Fajds Y3

4. 8o

1) 50|32 M Al HHEME0) e g

<Table 7>2 GHo| ol 23t 7B HHo 94

A, 3 EA(AL Cu, Fe)E )88 4, o & 53]
A, 108 =gteolged ¥ 374 Ao},

<Table 7> 7124F A AAS] 242 99.9%
Z A ettt ol 71BN e T Ul 2%
FARLE] -C, AR 9] oI (-NHo)7F ol 2 3H-NH;")
HEHA GA-E EH 8] etk @A, 1997). =
3 ggto]® M Aoz 7B Hh9) 58
AL FAHAT. ol golEe] FAHEQ vl
039 o) 53817 W&ol

HHE AE 2 =2tolgEd F 4L gAgA
Z59 gl FAgle] BT 99.9%E 53Tt

mEhA] guko]g ofgd 7| EA g g4 AL 2
go|x3 71 EA Afrel Aol FA BF FHE
Fozn 53 Faio] ALE S s

2) E90[3 Al Suioief 3 vHe MIEf| alE ghed
<Table 7> @Hol&] 9|8 71 EAF -5 G4 A,
E3E o] 43 A, Fulg 2 53] NE, 1038] =ato|E

29 ¥ g3 Zgolnt

<Table 7>91A] @%olEe] g4 nA g9} T
g A 99.9%2 FA JEiETh A EAE ol
A, T g Aol ghE A ¥ gade BF 99.9%2

Saan,

utebr] @] g o) 88 F1EA HF G4 A, &
uj el ojste] 7B HFe] $4E Gl /4
He Aog AU

2

[==

. 4

E d79 B4 e Afol 183 G4F3A
HHAS A7) $18e, @Rl A A
(A, Cu, Fe)s} A A& )oll b2 Azst 2 v
HEAE B8

APUEL AA, 7| EA Aol gRolE 44 A
FAZARE, A7 BE)l k8 K/SE, L, a*, b3t
2 H, V, Cghe X3 4 dazde 438
th. 4, 3 204 ggtolE g4 Al 4, A4
A = 2 i GEE, Fulg)el e Kisg,
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Table 6. Effects of mordanting processing and various mordants on light cleaning fastness of dyed chitosan fibers

Chitosan
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Table 7. Antimicrobial activity of chitosan fibers by various conditions

Fastness. " Mordant method ~Mordants
Untreated 99.9
Non-mordant(Oenothera odorata jacquin) 99.9
Al 99.9
Cu 99.9
Pre-mordant
Fe 99.9
. Chestnut shell 999
Non-washing
Al 99.9
Cu 99.9
Post-mordant
Fe 99.9
Chestnut shell 99.9
Al 99.9
Cu 99.9
Pre-mordant
Fe 99.9
. Chestnut shell 99.9
Wet cleaning fastness
Al 99.9
Cu 99.9
Post-mordant
Fe 99.9
Chestnut shell 99.9
Al 99.9
Cu 99.9
Pre-mordant
Fe 99.9
. Chestnut shell 99.9
Dry cleaning fastness
Al 99.9
Cu 99.9
Post-mordant
Fe 99.9
Chestnut shell 99.9
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