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Abstract In this study, silk fabrics was dyed with sappan wood extracts fermented for
5 and 15 days, respectively, and then the dyeability, durability and the functionality of
the dyed silk were investigated. Before dyeing, the silk was pretreated with chitosan-

acetic acid solution or chitosan acetic acid and illite blend solution. Thereafter, UV-Visible
transmittance, color, fastness, antimicrobial activity, and the FIR emissivity were ana-
lyzed. As a result, the K/S value was higher in the samples that were not pre-treated or
fermented. Regardless of fermentation, the lightfastness was not significantly different.
The color fastness to washing was slightly better when the samples were pretreated with
chitosan-acetic acid and illite, and then dyed with extracts fermented 5 days. In addition,
all samples showed high antimicrobial activity of 99.9%, regardless of the fermentation.
Far-infrared emissivity was confirmed to be slightly increased by the illite and chitosan-
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acetic acid solution treatment compared to the untreated sample.

Keywords fermentation, Caesalpinia Sappan L. illite, chitosan, FIR-emissivity, antimi-
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Table 1. Characteristics of used fabrics
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Fabric Weave Density(threads/cm?) Weight(g/m? Thickness(mm)
Silk Plain 20 X 22 12.8 0.36
SN YURTF 2 AR T2 o] WA gl SRS Wde doti 7] fisto] 7| EAb2AT e AA
7] Qla Mol ARg-E|o] gtk o] F Ao H stelom, 7154 B7HE ol BEY 4EQl detolE
A ML= AR G A =25 M 3 MY (4] F HUS 7| EARRAE SH T B9 A sl 1eal 5
o] 7} ol g Ao ® A Qe thEAQl AM A} 15 247 A AZbo] v E Ao M/} o)
AD dARE T3HOF), 25@T), HAEHFA w4, YA AR 5o 75 dE ] dis &
W), @mjAp gl 2|9 S|H| A AL Fo] ARE-E AL Q) ofH gttt
gk, i EE A7 A & A= e oA $2] o
2 Aoz HAETh E3 ol AAF A7t 2% 2.4 %
Aol weh HastAY of g | AAE AR A+
T QIARES A ZFgRbR] Fekal §le Ao] dA o] 2.1 A= & AJ2E
o, O HAA R Mas AR oYl &F o4 2 Aol AREE AlEs A o Aol A g
A & ZFsta 7] o], Mg fEEd = 3 100% A= A&& A8l o™, Table 10 1 54
BUHREE 85 & e w53 gkl qlaz, 229 ¢ = Yebioh, A A= AlgolA EA 2 5 S
7 Aol Aol =& A wste], YR Fof 9 27k e o] F=rAt 9% A% (Caesalpinia sappan
Mol HAH = AHEo] 2AHE S7FskaL Uoh?, ojef & L., China)& AHE-st3lom | Az 9] A 918l potas—
o] A gAML ofe) W o= 717k o] A A sium carbonate(KCOs, Duksan, Co., Korea), X2 2]
& AT W S IR AT o] F ol AL gl AR gotAEs® 95%9 7] BEAF B2 (Myave:
Q. obZ] 7hA| vk of oJst A ekst AAFe] wH Flof st 31,000, Taehoonbio, Co., Korea), 7|54 A
AT b= §le Aol Has frl=ol Aoy FH 02 deto]E(Dongkwang, Korea)& A3k
Agat 22 gpdlaS g3E B AL0 R AR o AEUIFYPOR 100% FHUR THE SV E
= AL FAH o R eRjlojy A 2E A RSt=H FE (Songhak Co., Korea) ZtZ} Alg-3}3t), o] & &
AREEITE, O 5 woly Wy g ZR wta s HAE Ao AMHEE 2E A9 (Duksan, Co., Korea)2 %
< 580l Fetaar G Ao R, oo & Al glo] Lo & AFE-EFGITE,
ol Fafid 4= A0,
2 Aol A= ol gt & wafiofl gt A 2l 2,274
a17] 9okl AaYo g2 Q7|55 AHESto] &mS 4 185mlel 6.5g9 S4HdES Yol 5% &
asto] GHG FE6HL HE ATt w2 A w3kt AHEENS ThE &, FHE 158 AlRE YL

(b)

Figure 1. Extracted dye solution from sappan wood (a), 5 days fermented sappan wood (b), 15 days fermented

sappan wood (c).
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Table 2. Characteristics of samples with pre—treatment and extracted sappan wood dye solution at different
conditions

Condition
Sample - -
Pre—-treatment Sappon wood dyeing solution
1 - Non-fermentation
2 Chitosan
5 days fermented with malt
3 llite and chitosan
4 Chitosan
15 days fermented with malt
5 llite and chitosan
where, o] 40T, 5~20un H oA o] LA LA HFARE T} HEAL
R : Reflectance of the dyed fabric at A max s A5

K : Coefficient of light absorption

St Coefficient of light scattering 3. 2oty nEt
2.8 Mz =X 3.1 BM ZI=0| X1Ql/7IEM Futg

H2HAL 20427, 65+2% R.H. —4 27401]*1 oA A A dHo] ko ot 450 WA o 9%t o
A wot Aledg =g Z4s9 5 aEoR ol AEE SIs] flste] &3 A AA 9 2]
AT AR dHAREE KSKISO 105-B02 : /7HAEA Bak&g 248k
2015(FA=ota )l Z3f| Xenon arc lamp, Blue— Figure 29} Zo] & % W asz e Ak ool
wool scale®] &3t A o2 AIE AL 5 AT}, o] a3t Hlof el = Tl el Y= A
MEFA = KS K ISO 105-C106 : 2014(A1SH) = & Ao, wpo] 7HAgAl 99 ¢ 500nm 8 =
of &35t 1LY Sl 0.4%2] ECE(ECE refer— AsHA F7tst7] AlZske] 900nmol A= Fak&o|
ence detergent, Testfabrics Korea, Inc., Korea) 96.28% 7tA| F71et Zlo] EolEnt, TS 5U7HHE
EEAAE SAAA AHRH T, 4% gAld AlRs 7 AN = 500nmE F7t5to]

= 242 Al 23 AlE Aol ¥t 40TolA 745 10 600nm7} A[UHA F7hHeo] 24 HolA| 7= A

NE YL 308 58t AlEet & AR =& Hrtstqlct gk 2 76.65%9] TS YEH RS & 4 Sl
S 159 A § 259 A8 JH2 9A] 550nm T
29878 &S E] F3Hgo] F718te] 600nmE 7|&2 2 5 wrash
AT A& o] S KSK 0693-20110] &3t oo B3| o] w2 FaheS Uehilch
o] 20+£2C, AHHE65£2)% R.H. 2NN &4 Figure 201142} o] 7hAlgAl o AR Fo2 25
sttt AR NEHFToRE NI FMI5G LR FEM5dUa =N o=z Y
(Staphylococcus aureus ATCC 6538)% = & B Ao A5 d)5d wa FE) 159 ¥ s
(Klebsiella pneumonia ATCC 4358)& AH&-3}% 1L T FEH eom Bihgo] 24 Y IRzt 2k¢)/7}
A& (Bacterial count method)oll 2J 34 1?4 AlEA Bibeolls F3Fe AA] gethe A o
2] Al& e} Hlaste] Hrlsiiict, 4= Qloh, E3 A %0] {75 EE g &/ 7HAIE
A FiRgS QAT F o] gle AS € 4 AUt
2.10 HXM IS £
A A BAHE-2 KCL-FIR-1005:20110f &3} 3.2 7|EAH S UEIO|E R2[et 2IE0| RAIE H T Hat
o] FT-IR(MCT detector, Nicolet, USA)E o]|-&3} F|EAb AL o) Aol E Zv7F A A E o) 75
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Figure 2. UV/Visible transmissivity of sappan wood

(a), 5 days fermented sappan wood (b), 15 days fer—

mented sappan wood solution (c).
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Table 3. L* a* b*and K/S of dyed fabrics with extracted sappan wood solution after fermentation at D65—10

K/S
17.54
4.15
3.52
9.98
8.14

b*

L*

Sample

34.55 1.6 1451
0.9

28.12

38.34

185.1

19.32
22.29

30.37

14.44
12.67
15.00

11.16

49,95

357.3
306.7

0.7

52.10

0.5

42.35

121.5

0.6

19.41

38.20

L*:whiteness, a*:green (-), red (+), b*:blue (-), yellow (+), c:chroma, h:hue angle
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Table 4. Appearance color of dyed fabrics with extracted sappan wood solution after fermentation

Color Sample 1 Sample 2

o . . . . .

Sample 3 Sample 4 Sample 5

3.5.2 MEHE|=

) o wEe F FAIsh AR FRMol
o A AL o 5 9la, IEARAT Gt A elehs Table 6:& 45 %90 2 thogt 27104 g
Aol detolEt Bolgh AoRTh o AT AL QS 5 F) AR APAEES AT A0S e 2
ATl = & ol ojth, MEME AR 1,2,3,4, 5 BF 1-23°8 F
At AuE Hea, A= MR Est A Helsy
3.5 g3l A2 AR 1of|A] 7P E2 1-29S YEfoH | 7| E
3.5.1 LR AR EH T LdRto|EE H3F AA 2Rt A=A 2
afg Fashy| Ao gior AR Ao o &5HA] B2 Ta= UERHH
FAZ =+ Blue—wool scaled] 93] #4310, FEALZAF o2 A A7 T AR ol 5o Bf
7 AIE Table 59 2t 63T Aol 204 Y ad F 25 G0 JMT AR 29} 7| EARA
A% ¥ Qe APANELE RENBIF2FOR UE o3} AetolE A AT F, 59 WA Yo o
o oo} A ws} HashA perhs ATE WRAO N AR 32 35FOR 4% 159 wEsh FAS A}
Z &5l B3 A ol EAglel 2% 2 o A= 49} 59 2-35 5 Hiup= W A3 e @
W2 7| Eqtzql G A 2ot 7| EARRA &9 Bl oA ot &2 AE yeblTh, shAIRE o] H g AlE
detolE B3t APz dFA =7t ol A] gh=tt Ao A7 A 25 g ot ZlA], A
= 2%E o 5 Usie A2 gt 7| EA AT G4 dto| EoflA HEE A<
Table 5. Color fastness to light on dyed fabrics after exposure to the sunlight at 400~600nm
Lig?;:)a:‘sr?)ess Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Grade 2 2 2 2 2

Table 6. Color fastness to washing of dyed fabrics with extracted sappan wood solution after fermentation

Color fastness to washing

Sample Stain
Color change
Silk Cotton

1 1-2 1-2 1-2
2 1-2 3

3 1-2 3

4 1-2 2-3 1-2
5 1-2 2-3 2

Textile Coloration and Finishing, Vol. 31, No. 4
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Table 7. Antimicrobial property of dyed fabrics with extracted sappan wood solution after fermentation

Antimicrobial property Sample 1 Sample 2 Sample 3
Grade 99.9 99.9 99.9

Gram+ : Staphylococcus aureus ATCC 6538, Gram— : Klebsiella pneumomiae ATCC 4358

A Bes] 48 = YA A5 Ha eF A A 2] A WA A 25 e Zloltt, FIR emis—
o &g o7 A S 7| 4= Qe ALE A} sion energye 7|EALZAL ST} delo|EE B}
aEof o] thgt F7} A7k H e shrha Bz Hejgt & A5 Ug FEHOR MG AR 39
3.57x10%w/m? & AA 2| otA] i HASHA] -2 Al

3.6 & = 1(3.37x10%w/m?oll vl o7t =& WA YA &

HE AR Ao R JAe A 5o A F 7HA 7= RS gelE 4 ok, T AH A HAES
o AHESH] A ags SAste ey, 1 23E UEtH+= FIR emission rated| A= A g & dra
Table 79 AA8ch, &4 F7tlle AA e et & FEdoa AT Al& 304 89%2] ATHE YERY
AR 2 A5 FEH O AMT AR 13} 7| EAF ol AN YA BEE 1% BE ot A AL L 5
ZAF 8N A A F 5 HaT AE AN o] g3 UATE, o] ZH 7| EALZAF EH T} deto] E H A 2|7t
AR 2 9 7| EARZAL S} deto| ES Bk A A g HAH A FALES A sk=d aa7t doks A 9
3 5 IaS A QA O QAT AR 3E AME & 4= 9t
SFTt,

T AT A AR BE A 99%0149] £ FFAS 4.8 =
Uetdlith= 235 A2 4 9ot ol &5 2 ¢
Ao tf gt t/do] S4stEE | 7| EARRAT 8-t Ao AAGN ARE AHEH = A5S TAsHY
detol E HA 7t o 42 AR AR LE AA A A A 2 7| EARS ARGSLAL, 754 AHE 9%t Y
S lon, o A A= Tae v ae 3 gto|ES B3F AEjste], 59 9 159 Foh Hagh &
atal, AA Ao e F o gl AL & 4 AUt 5 Qoo QA T o] A wstel AR E oA,

Aol WAta Y & WUttt 1 AnE ok

3.7 XM HiNfs T2 HAES A4S+ %

LA AL 7HAFA oLt Aol Ao Blsf upato] A

I AT QIAO] @ M-S oA A Q] &3t 1A T HIE A5 JAS 3 AR AYe A4t
of olal] =3t 71, AFYAL £ 59 foet & 2 A =S UET HaS AR 2, 3,4, 54
& Ytk 27t Qlok, B3 AP E = X 2 ool 59 15U Task 7| A A3 AR
YAe & e SAZE A9 FARRE A 9l & R AR 1 Bohs A4S Amsla] $alg
5~20mel A Z+2F 100%2] FAHEF 400W/m? - i o out A Eol WA= Aol Htk= AL 4 4 9l
H[8}Fof LR AL Qlepty Ak,

Table 8 & f5o w2 A& 137} 39 9294 2. Q) /7HAIFA Fabgo] Qs A% FH o] wF Tt

Table 8. Far—infrared radiation and emission rate of dyed fabrics with extracted sappan wood solution after fer—
mentation

Far-infrared radiation and emission property Sample 1 Sample 3
Far—infrared radiation energy(w/m?) 3.37x 10 3.57x10?
Far—infrared emission rate(%) 88 89

é],g%ﬁéﬁ]7}—g’—§L§]K/ ZJ/ 31 _71_‘_] X']/ 4%
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