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Table 2. Chemical composition of Jeju scoria (unit : wt%)

SiOz Al0s3 TiOg Fez03 MgO Ca0

41.18 15.74 4.88 17.83 4.61 3.97

NazO K20 MnO P20s LOI Total
1.61 1.16 0.22 0.47 8.33 100.00

AF kA Folo] A2 akddel iy IUGSe| kb4 £+ SiO, &
< 4118 wt%°]aL, ALOsQl - 1574 wt%=2 WERUIL Qo FeO3 3=
17.83 wt%Z &3¥stal g AlFI=e AbAls] = 3AkA Folo i A=

E oA P 2R FTH 5 R /154 BEe]l AF 9 -

S
T

_—

FA 9 AR, 2l vEARm o &8 H1 e AAFolth(Lee, 2009).
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o. A 9
1. AdA =
1.1. A8 ¥
2 Ao Algd AFxs= A HAES AHS & FA - Axs AES)
Aow, NFEL] 54 Table 33 2},
Table 3. Characteristics of fabrics
Density
. (thread/inch) Cots Weight | Thickness
Fabric Yarn Weave P
(g/m") (mm)
warp weft warp weft
Cotton spun . ) )
plain 68 63 21.1's 19.9%s 150+5 0.51
100% yarn
Silk filament X
plain 87 74 32.9d 174.8d 6412 0.28
100% yarn
1.2. €A
1.2.1. %]
Folwme  (F)FIAANA TSl AgaAgon  dolARERA]
(LS-13-320, Beckman Coulter, U.S.A)E A}&3}e] #4390 Y= XEE 4 m,
Ree ¢ & Ak AREEE

40 m, 220 gm, 600 gm, 800 gm, 1500 m= %o

Fig. 3o A2 Att.
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Fig. 3. Size distribution of Jeju scoria
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1.2.2. XA}

Ao AREE A= F=mal ARDuE AT A G S dste] AFE-s)
ATH

A &~ B2 HPLC(Shimadzu, Japan)E  system  controller(CBM-20A),
pump(LC-20AD), column oven(CTO-20A), PDA detector(SPD-M20A)E A}-8-3} 3
o, columne ACE 5 CI8(250 x 4.6 mm, 5 mE AF&3te] X x| WEee F55
10 mgs We2 1 mlo] =9 045 gm membrane filter®= o3 & o] F 5
HPLC Al&E2 AM&389lth

il

ol 542 water(A)2} acetonitrile(B)® gradient elution systemS A& A

15%(0+ B), 15~100%(30+* B), 100%(10+ B)= AAsto] FAstAth 5

2

rlo

1.0 m¢/min®] 12 column =%+ 40CE FA3st9] UV wavelengtht= 440 nm
2 AAste] A5k

22 WEE FEHLES HPLCE pattern #4138 A3 440 nmol A retention
time(Rt)°] 10.61, 11.65%, 14.56% el peak”} 1= AL o] F 11.61F 9]

peake= X AFo] @A A E-Ql crocine] oW HPLC #4412 Fig. 49 #| A%
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Crocin

/

Figure 4. HPLC chromatogram of 80% methanol extract

of Gardenia jasminoides fruit
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B A A2 ARUAchl 2BAAE AF P A

AL B2 HPLC(Shimadzu, Japan)E system controller(CBM-20A),
pump(LC-20AD), column oven(CTO-20A), PDA detector(SPD-M20A)E A}-8-3} 3
o columne ACE 5 CI18(250 x 46 mm, 5 )< AF&3&te] A% e F55
3 mgs WEke 1 moll =9 045 gm membrane filter2 o3 ¥ o] & 5

~
i

jre
HPLC A& =2 AF&3FA ).

ol 542 water(A)9} acetonitrile(B)® gradient elution systeme A -84
5%(0% B), 5~10%(20% B), 10~20%(10& B), 20~40%(20+ B), 40~100%(10

B2 AAsdAT #5452 1.0 ml/min, column =%+ 40T, UV wavelength=

283 nm= A A3to] A5

A2 WEge FHES HPLCE pattern 43 A3 283 nmol A retention
time(Rt)> 25.02+%, 28.11%, 31.24tjell peak’} A=Al o] F 25.02% ol
el peak7} A%2] A AAIEQl braziline] e HPLC #2418 Fig. 59 #|A]
= et
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Brazilin

.

Fig. 5. HPLC chromatogram of 80% methanol extract

of Caesalpinia sappan heartwood
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1.3. WG A

|

FoNA AHEE NGAE 15 A

A
’

Joke] E4L Table 49} 2t

Table 4. Chemical formulas and name of mordanting agents

Mordants Chemical names Chemical formulas
Al Aluminium sulfate 14~18 water Alx(SOy)3 + 14~18H>0
Cu Copper acetate monohydrate Cu(CHsCOOH):z - H20
Fe Iron(II )sulfate heptahydrate FeSO4 - 7H>0
2. A3
2.1. @K F&
2.1.1. X =}k
ARG 5 gol R4 300 mie 9 Sl A 087 ALs T of 35
of Mxg FEE0,
2.1.2. &%
AEAA) 5 gol EF4 300 mle Wu wEAeA 3087 HLe & of 3}
of MrE FEAUT
2.2. ¥4
2.2.1. Fo] &4
Folgde dAeE, AAAL dUE Fo| xdd meh on 12002 A

A 319 M 71 (DL-6000, Daelim Starlet Co. Ltd, Korea)Z o] &3t <&t



AN FEAAS HY] 120, 9=+ 80T, GAIZES 30 o= 49
A 319+ A 71 (DL-6000, Daelim Starlet Co. Ltd, Korea)E& ©o]-&3}o] 350
o dAo] g & FE3] FASte] aEdA Az SRt
2.2.3. 2% oA
RN FEAHE AH] 1120, dAEE 80T, A 300w A9
A 319+ A 71 (DL-6000, Daelim Starlet Co. Ltd, Korea)E ©o]-&3}o] o M3s}%) o
o dAo] g & FE38] FASte] aEdA Az AT

z70) wet 2%y X2 E 74zb 9AH) |
7He 1208 (AAE) - 90(AH

H a19ked A1 7] (DL-6000, Daelim  Starlet
Co. Ltd, Korea) & °]&3lo] =94 3
At

2.2.5. % g
5% (0. w.f)

aluminium sulfate 2

(I )sulfate=

2%(o.w.f) copper acetate, 2%(o.w.f) iron
olH] 1:1000.2 A3 60CAA 105 FoF A& s},

AN
e @ ARG oA -A% @ ARG A5 Al

Az-C
o2 ANFATh

c

MgogAAE @ AL GG Mg ZoFeF ol G5 Al

_21_



)
zyzyol Mz wE AMAS dolH 7] ¢8 Computer Color Matching

system(X-rite 8200, USA)S AM&3to] oS5 ubdol|Ae] EdiAE S A &
thsoll A== Kubelka-Munk 2ol o]& K/Sgke st @2t=ks 7tk ainh

K/S = (1-R)® / 2R

K: Absorption coefficient
R: Reflectance of Monochromatic Light

S: Scattering coefficient

24 Zko] FAZzA wE AMAAWsLE dolr ] 98] AMAA(X-rite 8200, USA)
= AFE3}e] Munsell 4419 H V/CE =438ttt & Hunter?d LY, a’, b'9
He A3t MA(AEHE 2HES A

AE ={(L,"~Ly" )+ (a)"~as")*+(by"~by") 2

L : Lightness
a’ ! redness

b* : yellowness

% QEs

[
B
[40

[0
==
)
d

o

%

=2
JI[O{1

b
JI[O{1
0

W A5 9] Jejel ww
FAFA A 1] 7 (S-3000N, Hitach, Japan)S AF&3Fe] 10kVe] 7FEA gl A
H Algel ¥H-S 1,0008, 3,0008, 4,0000] = Eoiste] #zs)A )
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AdFAFEE KS K 07000 w2} Fade-O-meter(HS-213, Korea)E& A}-&3}¢]
ZAs e W AFrE KS K 07159 wal Perspiration Tester(DL-2012,
Daerim Eng., Korea)E& A}F&3te] AHAdE Ay} ddg| gl oz o] 454 kg
ahgoll A 38+1TCE Ax7]ollA 6A1F WA 5 SAsEATH

AgAazlE= KS K 0430 A-19Hdl w2} Launder-O-meter(Yasuda Seiki
Seisakusho, Japan)ollA 40+2TCelAl 30& AlE & H7lstFom AMAl= FAA
AE AFgsa rtEAY == KS K 06500 wWe} Crockmeter(Yasuda Seiki
Seisakusho, Japan)& ©]&3te] 1% A9} & A9 vt AR EE F435to &

-E] Mg Gray scale(JIS L 0804)% SH<S A&k

3.5. &4

ASTM E2149-2001% o wpe} 3 = A3t (Staphylococcus  aureus ATCC
6538)2 brain heart infusion agar®l] ©]2]gt & 37TCol|A] 24A17F w3t o] =
UFA] nutrient  brothell  o]4Jgk & 6AIZF wiekstaith. o2 A g =
UV/VIS spectrometerE ©]-83to] 475 mmoll 4] 53%T= 3|A3tal o] AS t}hA]
10008 A ste] HEF o2 AFESAT AlFAEE 075 g2 70 md 9 working

solutiono] Hal 19t Atsle], FnH|d HFA S Algdd 44 5 My HEd &

’

|o

25+5C oA 320 rpme. & 2443t &<t Wrist Action Shaking 3tal, A& Z}7}

2328 A#e) 2H4E AolA T Ad oad # pase Tod FHA

o

!

o

Bacteria reduction rate(%) = X100

(A—B)
A
A : bacteria number per 1m¢ in flask before shaking

(0O-time)
B : bacteria number per 1ml in flask after shaking

(test—time)
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JdE AFH771=F 3] (JTETC) AlgH weh AA#AHS AFEste] Ry
of 7}~ 3 wE SHE7] 5 2o AFH "Hojrmg

t} 10 emx10 em@] A8 5 ST~ Fo Yar g Ryol S

Deodorization rate(%) =

A @ gas concentration of blank

B : gas concentration under specimen existence

3.7. A A

AFFol= AAE A=Y A AddS FAs7] Hste] KS K 0805-2009
Holl w2} UV/Vis NIR Spectrometer(Perkin Elmer, Lambda 950, U.S.A)E A}
&3kl 280~400 nmellA e ALfHd  FHRE&E  FA4sa UPF(Ultraviolet
Protection Factor)E 3t%th. UV-A+ 315~400 nm, UV-BE 280~315 nm¢%!
Tke] Aol FIads S

of wl, ASIH Ae&e e Aol o) Axsyon

2] AFeE(%) = 100 - A2 F3-5(%)

Tgpg +Toop oo + T 7Ty

A9 HA Fohg - .

Togy T Togs + oo +Tg10 + Ty

RSB R - .

o7l A, T @ 37 Aol 8] EFF34&
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Aol AdA = Als flo] Fakd At Aol o AlRE T Ht

Aol v &g Axtelel Faigin.

3.8. 94ALA WALA

AFgolz  gAn  Ame  AAeA  WAHES  dojus]  $aol

KCL-FIR-1005:2011H el w2} FT-IR(with wide range MCT detector, Nicolet,

US.A)E AF83Fe] 40T, 5~20 mm WA 44 ed WAMS (Emissivity) 2}

HF A

JAFY = (Emission power)E SA3A T WARE o] 19 SA]9] WAL=+ o}

AAE EFa g0 o8 4 gl s Axatgo

_ CA—5
N exp(Cy/AT—1)

E : emissive power of black body (W/cm® - ym)
A : wavelength (¢m)

T : absolute temperature(, K)

Ci @ 37415 x 10" (W + em?)

Co t 1.4388(cm - k)

[e]

Alme] Ao WA= FT-IRO d=| 2b apaol gk WAatsol =
Aol WAZE=E wotel A& & Jom dAT A A el W W

H
NG EE ohee] ¥

1>
=2
lo
:(g

EA, +EX
E(\—\,) = AN—— 2

+Y EN]

E( Mi—As ) : emissive power between A; and Ao(W/ my - pm)
EALl : emissive power at A\

EA2 : emissive power at A

EALl : emissive power at A

AN © interval between A; and Ai:g

A wavelength
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Temperture (C)
== ] 75/l =850 g/L A- 100 g/L —=150g/L

Fig. 6. K/S values of cotton fabrics dyed with Jeju scoria

at the different temperatures (dyeing time : 60min)
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K /S Values
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0.5 A

04 4

0.3 4

0.2
20 40 60 80 100 120

Temperture (C)

- 17 g/L —#-50g/L 4- 100 g/L =150 g/L

Fig. 7. K/S values of silk fabrics dyed with Jeju scoria

at the different temperatures (dyeing time : 60min)
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Fig. 8. K/S values of cotton fabrics dyed with Jeju scoria

at the different periods of time (dyeing temp. : 80C)
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K/S Values
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0.2 T T T T

0 30 60 920 120

Time (min)

- 17 g/L. =50 ¢g/L -4-100 g/l
=150 g/L -B- 200 g/L ——250 g/l

Fig. 9. K/S values of silk fabrics dyed with Jeju scoria
at the different periods of time (dyeing temp. : 80C)
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Fig. 12. K/S values of cotton and silk fabrics dyed

with Jeju scoria of different particle size
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dyeing conc. : 150 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Jeju scoria at the different concentrations



Table 5. Color values of cotton fabrics dyed with Jeju scoria at 80T

Times  Concentrations

) (@L) a b H v/C A4E
scoria 58.55 10.22 18.08 4.8YR 5.8/3.5 -
Control 95.79 1.93 -12.63 9.1PB 9.4/3.7 -

17 74.24 8.09 10.56 2.9YR 7.3/2.5 22.73

50 70.62 9.02 12.77 3.7YR 7.0/2.8 26.82

100 70.25 9.76 13.71 3.8YR 6.9/3.0 27.86

30 150 70.16 9.49 14.52 4.3YR 6.9/3.1 28.22
200 68.56 10.06 14.60 4.4YR 6.7/3.1 29.72

250 68.17 10.09 14.61 44YR 6.7/3.2 30.01

17 73.09 8.40 11.18 3.3YR 7.3/2.5 24.07

50 70.06 9.52 13.71 4.1YR 7.0/3.0 27.98

60 100 67.97 9.58 14.01 4.3YR 6.9/3.1 28.47

150 67.51 9.76 14.69 4.3YR 6.9/3.1 29.24

200 67.35 10.15 14.89 44YR 6.7/3.1 30.10

250 67.16 10.38 15.36 4.5YR 6.6/3.2 31.52

17 72.13 8.50 10.88 4.2YR 6.7/3.0 24.81

50 67.92 10.07 14.60 4.4YR 6.7/3.0 28.95

100 67.87 10.09 14.75 4.4YR 6.7/3.2 29.32

90 150 67.25 10.10 14.89 4.6YR 6.8/3.1 30.04
200 67.16 10.15 15.09 4.6YR 6.9/3.2 31.30

250 66.57 10.19 15.12 4.7YR 6.7/3.2 32.02

17 72.52 8.40 11.18 3.3YR 7.1/2.6 24.31

50 67.49 9.92 13.56 4.3YR 6.6/3.0 29.18

100 67.10 9.97 14.39 4.4YR 6.7/3.1 30.02

120 150 67.24 10.02 14.51 4.5YR 6.8/3.1 31.19
200 66.91 10.10 14.79 4.5YR 6.6/3.2 31.99

250 66.12 10.24 14.64 4.7YR 6.6/3.2 32.83
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Table 6. Color values of silk fabrics dyed with Jeju scoria at 80T

Times Concentrations

) @/L) L a b H V/C A4E
scoria 58.55 10.22 18.08 4.8YR 5.8/3.5 -
Control 92.11 -0.12 2.70 3.9Y 9.1/0.3 -

17 84.68 3.72 12.12 2.9YR 7.3/2.5 13.04

50 81.72 4.39 13.15 3.7YR 7.0/2.8 15.98

100 79.88 5.40 13.83 3.8YR 6.9/3.0 17.20

30 150 78.32 5.58 14.51 4.3YR 6.9/3.1 17.88
200 78.11 5.87 15.34 44YR 6.7/3.1 18.29

250 77.86 5.89 15.46 44YR 6.7/3.2 18.43

17 84.65 3.55 12.06 3.3YR 7.3/2.5 13.27

50 81.02 5.33 14.88 4.1YR 7.0/3.0 16.86

100 79.20 5.89 15.46 4.3YR 6.9/3.0 18.25

60 150 76.56 6.25 15.51 4.3YR 6.8/3.0 19.23

200 76.33 6.55 15.74 44YR 6.7/3.1 19.67

250 76.12 6.67 15.84 45YR 6.6/3.2 19.83

17 81.91 4.94 14.90 4.2YR 6.9/3.0 15.70

50 79.12 5.89 15.46 44YR 6.8/3.0 18.29

100 76.43 6.45 15.74 44YR 6.8/3.1 19.67

90 150 76.74 6.55 15.84 4.6YR 6.7/3.1 20.01
200 75.23 6.67 15.93 4.6YR 6.7/3.2 20.85

250 75.11 6.88 16.30 4.7YR 6.6/3.2 21.23

17 83.75 3.55 12.06 3.3YR 6.9/2.6 13.14

50 81.21 4.39 13.15 4.3YR 6.8/3.1 15.82

100 78.80 5.26 14.01 44YR 6.7/3.1 17.38

120 150 77.60 5.77 15.01 45YR 6.6/3.2 18.44
200 77.15 6.15 15.31 45YR 6.6/3.2 18.86

250 77.13 6.27 15.70 4.7YR 6.6/3.2 19.05
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(¢) dyed cotton (X3000) (d) dyed cotton (Xx4000)

Fig. 15. SEM photographs of cotton fabrics dyed with Jeju scoria
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i T T

(b) dyed silk fabric (X1000)

(¢) dyed silk fabric (X3000) (d) dyed silk fabric (<4000)

Fig. 16. SEM photographs of silk fabrics dyed with Jeju scoria
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Table 7. Color fastness of cotton fabrics

dyed with Jeju scoria

Perspiration
Acidic Alkaline
Fade Stain Fade Stain
4-5 4-5 5 4
Washing
Fade Stain
4 4-5
Rubbing
Dry Wet
Fade Stain Fade Stain
4-5 4-5 4-5 4-5
Light
3
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Table 8. Colorfastness of silk fabrics

dyed with Jeju scoria

Perspiration
Acidic Alkaline
Fade Stain Fade Stain
5 4-5 5 4-5
Washing
Fade Stain
3-4 5
Rubbing
Dry Wet
Fade Stain Fade Stain
4-5 4-5 4-5 4-5
Light
3
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Fig. 17. Bacteria reduction ratio of cotton and silk fabrics

dyed with Jeju scoria
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dyeing conc. : 250 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Deodorization ratio( %)
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Fig. 18. Deodorization ratio of cotton and silk fabrics

dyed with Jeju scoria
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dyeing conc. : 250 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Fig. 19. UPF values of cotton and silk fabrics dyed with Jeju scoria

dyeing conc. : 250 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Fig. 20. Far-infrared emission power of cotton and

silk fabrics dyed with Jeju scoria
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dyeing conc. : 250 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Fig. 21. Far-infrared emissivity ratio of cotton and

silk fabrics dyed with Jeju scoria
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dyeing conc. : 250 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk



=r
B
Hr
™

B

0
4o

Wl wshg 2y W,

B

—
fite)

bk

AlZHE 3002 dAME

20
X

OC, og

30

— -
i e

Foll M K/S

Fig. 22, 23, 24, 25 71g|a1
2 LY a, b, HV/C, 183 YA(JE)

Ajolt,

?;51_

=
=4

=
=

0
.F_H

i

—_

NI
B

i

—_

[
it

0
4o

ol
G

B

o} K/S#kel

o] w7] wiiolth.(Fig. 15, 16)

il a

el

3}7]

2}

A7}

o]
H

Aol & o]

E
I

.F_H

GRlEAR o]

= o
T =2

BA

49 vy melol

ol
e

I~

7182 A7 (OH)PHE 744 1L

N
[€)

)
I

ox

+

ol
ToR

Pyl

AL 7] W),

KeX
=

712521 7]1(COOH), °otvx=7](NH2) 7] 5

]

oA A

20
X

(4.7YR 6.6/32)0.2 A=A} X294

o] 2=
AR -

1(2.8Y 6.4/9.8)o.= 44 =k

A
o 71

1(2.0Y 84/.1)o= AAES 2%

A
[S2]

ur o
ol «

8.3/26) %

(44YR 5.9/6.6) 2.2 A=}

_56_



grol Z7kste] ekl AAEgor 2% AAE WARRYG AHE N JE
ghol F7betel 28 A AH ek

K/S Values

Fig.

16

14 -

1.2 o

10 -

08 -

06 -

04 -

0.2 -

00 -

Cotton Silk

22. K/S values of cotton and silk fabrics dyed with Jeju scoria

dyeing conc. : 250 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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K/S Values
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Fig. 23. K/S values of cotton and silk fabrics dyed with

the fruit of Gardenia jasminoides

dyeing conc. : 17 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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K/S Values
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Fig. 24. K/S values of cotton and silk fabrics dyed with

the heartwood of Caesalpinia Sappan
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dyeing conc. : 17 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Table 9. Color changes of cotton and silk fabrics dyed with Jeju eju
scoria(Sc), the heartwood of Caesalpinia sappan(Ca) and the fruit of

Gardenia jasminoides(Ga)

o . . . Fabrics
Fabrics Dye L a b H V/C AE
dyed
Control 95.79 1.93 —-12.69 9.1PB 9.4/3.7 -
Sc 68.09 10.24 14.64 4.7YR 6.6/3.2 32.83 ;-
Cotton -
Ca 84.06 8.03 1.03 7.9RP 8.3/2.6 19.06
Ga 83.55 6.66 33.23 2.0Y 8.4/5.1 47.76
Control 92.11 -0.12 2.70 3.9Y 9.1/0.3 -
Sc 73.76 6.88 16.30 4.7YR 6.6/3.2 21.23
Silk
Ca 59.15 21.06 30.66 4.4YR 5.9/6.6 47.87
Ga 64.48 11.09 65.52 2.8Y 6.4/9.8 68.71
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K/S Values
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Fig. 26. K/S values of cotton and silk fabrics dyed with

Jeju scoria(Sc) with the different mordants

dyeing conc. : 250 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Table 10. Color changes of cotton and silk fabrics dyed with Jeju
scoria(Sc) with the different mordants
D )
. ve . . . . Fabrics
Fabrics & L a b H v/ C AE dved
Mordant ye
Sc 68.09 10.24 14.64 4.7YR 6.6/3.2 32.83
Sc-Al 71.01 10.07 16.00 5.0YR | 7.0/3.3 38.60
Cotton
Sc-Cu 70.60 8.11 13.80 5.8YR | 7.0/2.8 36.90
Sc-Fe 64.38 13.66 29.60 75YR | 6.4/5.4 53.79
Sc 73.76 6.88 16.30 47YR | 6.6/3.2 21.23
Sc-Al 78.05 7.28 16.64 74YR | 7.7/3.0 21.25
Silk
Sc-Cu 70.90 -1.56 14.30 7.7Y 7.0/1.9 24.76
Sc-Fe 64.57 8.27 27.75 9.9YR | 6.4/45 38.29
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Fig. 28. K/S values of cotton and silk fabrics dyed with the heartwood

of Caesalpinia sappan(Ca) and the different mordants

dyeing conc. : 17 g/L
dyeing temp. : 80T
dyeing time : 120min in cotton

90min in silk
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Fig. 29. L*, a*, b* values of cotton and silk fabrics dyed with the

heartwood of Caesalpinia sappan(Ca) and the different mordants
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Table 11. Color changes of cotton and silk fabrics dyed with the

heartwood of Caesalpinia sappan(Ca) with different mordants

D .
. e . . . . Fabrics
Fabrics & L a b H v/ C AE d
Mordant ved
Ca 84.06 8.03 1.03 7.9RP 8.3/2.6 19.06
Al-Ca 65.97 23.71 4.16 8.0RP 4.0/4.3 42.85
Cotton
Al-Ca-Cu 62.99 15.14 -1.19 8.1RP 3.5/2.5 37.19
Al-Ca-Fe 59.53 11.89 -1.66 5.4RP 4.3/1.6 39.19
Ca 59.15 21.06 30.66 4 4YR 5.9/6.6 47.87
Al-Ca 32.27 36.58 16.24 5.1R 3.2/8.4 71.81
Silk
Al-Ca-Cu 31.13 26.74 8.12 3.1R 3.1/6.0 67.39
Al-Ca-Fe 24.85 13.00 1.12 3.8PB 2.4/2.6 69.32
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Fig. 30. K/S values of cotton and silk fabrics dyed with
the fruit of Gardenia jasminoids(Ga) at the different

concentrations of Jeju scoria(Sc)

dyeing temp. : 80T
dyeing time : 120min in cotton
90min in silk
Gardenia jasminoids dyeing conc. : 17 g/L

Jeju scoria conc. : 250 g/L
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Fig. 31. L*, a*, b* values of cotton and silk fabrics dyed with
the fruit of Gardenia jasminoids(Ga) at different

concentrations of Jeju scoria(Sc)
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Table 12. Color changes of cotton and silk fabrics dyed with the

fruit of Gardenia jasminoids(Ga) at the different concentrations of Jeju

scoria(Sc)
D .
. ve . . . . Fabrics
Fabrics & L a b H v/ C AE dved
Mordant ye
Sc 68.09 10.24 14.64 4.7YR 6.6/3.2 32.83
Ga 68.18 5.75 35.67 2.6Y 6.8/5.4 57.18
+5¢50 gL . . . . .8/5. .
Cotton
Ga
68.43 6.29 27.10 1.1Y 6.8/4.2 51.27
+Sc150 g/L
Ga
69.98 6.73 26.57 0.7Y 6.8/4.2 49.77
+Sc250 g/L
Sc 73.76 6.88 16.30 4.7YR 6.6/3.2 21.23
Ga
+S¢50 g/L 62.34 5.17 50.93 4.0Y 6.2/7.4 58.22
Silk R
Ga
63.02 5.65 50.52 3.7Y 6.2/7.3 56.79
+Sc150 g/L
Ga
62.73 5.93 49.28 3.7Y 6.2/7.2 55.92
+Sc250 g/L
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Fig. 32. K/S values of cotton and silk fabrics dyed with the
heartwood of Caesalpinia sappan(Ca) at the different

concentrations of Jeju scoria(Sc)

dyeing temp. : 80T
dyeing time : 120min in cotton
90min in silk
Caesalpinia sappan dyeing conc. : 17 g/L

Jeju scoria conc. : 250 g/L
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Fig. 33. L, a*, b* values of cotton and silk fabrics dyed with
the heartwood of Caesalpinia sappan(Ca) at the different

concentrations of Jeju scoria(Sc)
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Table 13. Color changes of cotton and silk fabrics dyed with the

heartwood of Caesalpinia sappan(Ca) at the different concentrations of

Jeju scoria(Sc)

_77_

D .
. e . . . . Fabrics
Fabrics & L a b H v/ C AE dved
Mordant ye
Sc 68.09 10.24 14.64 4.7YR 6.6/3.2 32.83
Ca
57.15 10.55 14.54 4.2YR 5.6/3.5 47.99
+Sc50 g/L
Cotton
Ca
63.64 10.18 15.58 5.1YR 6.2/3.2 44.56
+Sc150 g/L
Ca
62.90 9.98 16.93 5.3YR 6.3/3.2 44.11
+Sc250 g/L
Sc 73.76 6.88 16.30 4.7YR 6.6/3.2 21.23
Ca
+S¢50 g/L 42.50 12.34 12.91 1.6YR 4.2/3.3 52.64
Silk o &
Ca
49.17 9.13 14.86 5.2YR 4.8/3.0 45.97
+Sc150 g/L
Ca
52.15 8.52 15.50 6.2YR 5.1/3.0 43.19
+Sc250 g/L
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K/S Values

Sc Al—Ca/Scd0g/lL. Al—Ca/Sc150g/l. Al—Ca/Sc250 g/L

Fig. 34. K/S values of cotton and silk fabrics dyed with the heartwood

of Caesalpinia sappan(Ca) at the different concentrations

of Jeju scoria (Sc) after mordanted with aluminum

dyeing temp. : 80T
dyeing time : 120min in cotton
90min in silk
Caesalpinia sappan dyeing conc. : 17 g/L

Jeju scoria conc. : 250 g/L
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Fig. 35. L%, a*, b" values of cotton and silk fabrics dyed with the
heartwood of Caesalpinia sappan(Ca) at the different concentrations

of Jeju scoria(Sc) after mordanted with aluminum
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Table 14. Color changes of cotton and silk fabrics dyed with the
heartwood of Caesalpinia sappan(Ca) at the different concentrations of

Jeju scoria(Sc) after mordanted with aluminum

Dye .
. . . . . Fabrics
Fabrics & L a b H v/ C AE dved
Mordant ye
Sc 68.09 10.24 14.64 4.7YR 6.6/3.2 32.83
Al-Ca
59.30 9.51 14.11 4.6YR 5.8/3.5 45.91
+Sc50 g/L
Cotton
Al-Ca 62.39 9.93 15.30 5.0YR 6.1/3.2 4472
+Sc150 g/L ' ' ' ' o '
Al-Ca 63.42 10.51 16.94 5.3YR 6.2/3.0 44.31
+Sc250 g/L ' ' ' ' - '
Sc 73.76 6.88 16.30 4.7YR 6.6/3.2 21.23
Al-Ca
46.92 9.85 14.22 4.3YR 4.6/3.0 48.12
. +Sc50 g/L
Silk
Al-Ca 50.72 8.06 15.22 6.6YR 5.0/2.9 44.32
+Sc150 g/L ' ' ' ' B '
Al-Ca 52.64 7.83 15.73 7.2YR 5.2/2.9 42.66
+Sc250 g/L ' ' ' ' R '
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Fig. 36. K/S values of cotton and silk fabrics dyed with the heartwood

of Caesalpinia sappan(Ca) at the different concentrations

of Jeju scoria(Sc) after mordanted with copper

dyeing temp. : 80T
dyeing time : 120min in cotton
90min in silk
Caesalpinia sappan dyeing conc. : 17 g/L

Jeju scoria conc. : 250 g/L
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Fig. 37. L%, a*, b* values of cotton and silk fabrics dyed with the
heartwood of Caesalpinia sappan(Ca) at the different concentrations

of Jeju scoria(Sc) after mordanted with copper
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Table 15. Color changes of cotton and silk fabrics dyed with the

heartwood of Caesalpinia sappan(Ca) at the different concentrations of

Jeju scoria(Sc) after mordanted with copper

Fabrics

Dye
&
Mordant

v/ C

AE’

Fabrics
dyed

Cotton

Sc

68.09

10.24

14.64

4.7YR

6.6/3.2

32.83

Al-Ca
+Sc50 g/L
-Cu

59.31

15.17

5.7YR

5.8/3.3

46.46

Al-Ca
+Sc150 g/L
-Cu

64.13

9.03

17.24

6.7YR

6.3/3.3

44.16

Al-Ca
+Sc250 g/L
-Cu

64.91

8.94

17.86

7.2YR

6.4/3.1

44.01

Silk

Sc

73.76

6.88

16.30

4.7YR

6.6/3.2

21.23

Al-Ca
+Sc50 g/L
-Cu

40.75

9.56

15.53

6.0YR

4.0/3.0

54.26

Al-Ca
+Sc150 g/L
-Cu

49.81

6.93

17.13

8.7YR

4.9/3.0

45.58

Al-Ca
+Sc205 g/L
-Cu

52.96

6.11

18.18

9.7YR

5.2/3.0

42.83
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Fig. 38. K/S values of cotton and silk fabrics dyed with the heartwood

of Caesalpinia sappan(Ca) at the different concentrations

of (Sc) after mordanted with iron

Caesalpinia sappan dyeing conc. :

_87_

dyeing temp. : 80T

dyeing time : 120min in cotton

90min in silk

Jeju scoria conc.

17 g/L
: 250 g/L
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Fig. 39. L%, a*, b* values of cotton and silk fabrics dyed with the
heartwood of Caesalpinia sappan(Ca) at the different concentrations

of Jeju scoria(Sc) after mordanted with iron
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Table 16. Color changes of cotton and silk fabrics dyed with the

heartwood of Caesalpinia sappan(Ca) at the different concentrations of

Jeju scoria(Sc) after mordanted with iron

Fabrics

Dye
&
Mordant

Lt

v/ C

Fabrics
dyed

Cotton

Sc

68.09

10.24

14.64

4.7YR

6.6/3.2

32.83

Al-Ca
+ Sc50g/L
-Fe

54.15

10.16

20.72

7.5YR

5.3/5.0

55.53

Al-Ca
+Sc150g/L
-Fe

58.76

12.41

25.57

7.4YR

5.8/4.7

54.27

Al-Ca
+ Sc250g/L
-Fe

58.85

13.43

27.14

7.2YR

5.8/3.8

54.03

Silk

Sc

73.76

6.88

16.30

4.7YR

6.6/3.2

21.23

Al-Ca
+ Sc50g/L
-Fe

39.80

6.30

12.91

8.0YR

3.9/3.2

54.21

Al-Ca
+Sc150g/L
-Fe

45.83

6.54

17.25

9.3YR

4.5/2.9

49.34

Al-Ca
+ Sc250g/L
-Fe

50.03

6.68

19.50

9.7YR

4.9/2.7

46.08
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Table 17. Color fastness to perspiration of cotton and silk fabrics dyed

with Jeju scoria(Sc) or the heartwood of Caesalpinia sappan(Ca) after

mordanted with the various mordants

Perspiration
Fastness
Cotton Silk
Dye & . . » .
Acidic Alkaline Acidic Alkaline
mordants
Fade | Stain | Fade | Stain | Fade | Stain | Fade | Stain
Sc/Sa 4-5 4-5 5 4 3-4 4-5 4-5 4
Al-Sc/Sa 4-5 4-5 5 4 4 4-5 4-5 4
Cu—Sc/Sa 4-5 4-5 5 4 3-4 4-5 5 4
Fe-Sc/Sa 4-5 4-5 4-5 4 4 4-5 5 4
Sa 2 2-3 2-3 1-2 2-3 1-2 3-4 1-2
Al-Sa 2-3 1-2 2 1-2 2-3 1-2 3 1-2
Cu-Sa 2-3 1-2 2 1 2 1-2 3 1
Fe-Sa 2-3 1-2 2-3 1 3 2 2-3 1
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Table 18. Color fastness to rubbing of cotton and silk fabrics dyed

with Jeju scoria(Sc) or the heartwood of Caesalpinia sappan(Ca) after

mordanted with the various mordants

Fastness Rubbing
Cotton Silk
Dye &
Dry Wet Dry Wet
mordants ‘
Fade | Stain | Fade | Stain | Fade | Stain | Fade | Stain
Sc/Sa 5 4-5 4-5 4-5 5 4 5 4
Al-Sc/Sa 5 4 5 4 4-5 4 4-5 3-4
Cu—Sc/Sa 5 4 5 4 4-5 4 4-5 3-4
Fe-Sc/Sa 5 4 4-5 4-5 4 4 5 3-4
Sa 5 5 4 4-5 5 4 4-5 3-4
Al-Sa 5 5 5 4 5 4 4 3
Cu-Sa 5 4-5 4-5 4 4-5 3-4 4-5 3-4
Fe—-Sa 5 4-5 4-5 3 5 4 4-5 3-4
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Table 19. Color fastness to washing of cotton and silk fabrics dyed

with Jeju scoria(Sc) or the heartwood of Caesalpinia sappan(Ca) after

mordanted with the various mordants

Fastness Washing
Dye & Cotton Silk
mordants Fade Stain Fade Stain
Sc/Sa 4-5 4-5 4-5 4-5
Al-Sc/Sa 5 4-5 4-5 4-5
Cu—Sc/Sa 4-5 4-5 4-5 4-5
Fe-Sc/Sa 5 4-5 5 4-5
Sa 2 4 3-4 3-4
Al-Sa 3-4 4 4 34
Cu-Sa 3 2-3 4-5 2-3
Fe—Sa 4 2-3 4-5 3
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Table 20. Color fastness to light of cotton and silk fabrics dyed with
Jeju scoria(Sc) or the heartwood of Caesalpinia sappan(Ca) after

mordanted with the various mordants

Fastness Light
Dye &
mordants Cotton Silk
Sc/Sa 3 2
Al-Sc/Sa 4 3
Cu—Sc/Sa 4 4
Fe-Sc/Sa 3 3
Sa 1 1
Al-Sa 1 1
Cu-Sa 2 2
Fe-Sa 2 2
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ABSTACT

Dyeability and Functionality of Cotton and Silk

Fabrics dyed with Jeju Scoria

Eun-suk, Im
Department of Clothing & Textile
Graduate School of Jeju National University

Supervised by prof. Hye-sun, Lee

This study was conducted to develop Jeju scoria as a natural mineral dye
by evaluating the optimal dyeing conditions, colorfastness, functionality of
dyed fabrics and changes of surface colors through mixed dyeing. The
examined conditions were dye concentration, dyeing time, and dyeing
temperature. The investigated functionality of dyed fabrics were antimicrobial
activity, deodorization efficiency, UV blocking ability, far—infrared radiation
emissivity. Surface color changes and colorfastness were analyzed after
carrying out mixed dyeing with the fruit of Gardenia jasminoids and the
heartwood of Caesalpinia sappa for practical value.

When Jeju scoria was used as single dye, the optimal dyeing temperature
and concentration were 80C and 250 g/ of scoria for cotton and silk fabrics,
but the saturated dyeing time showed at 120 minutes for cotton and at 90
minutes for silk fabrics, respectively. The color became gradually dark
yvellowish brown with the increase of dyeing time and dye concentration. The
dyed fabrics of cotton and silk kept excellent colorfastness to light, rubbing,

perspiration, and washing. Cotton and silk fabrics showed the same
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antimicrobial activities of 99.9%, but deodorization efficiency of 93.9% and
76.6%, and UPF (ultraviolet protection factor) of 50+ and 35+, respectively.
Far-infrared radiation emissivity for cotton was 90% and for silk 899,
whereas the emission power of both fabrics was 362 W/m' /m.

When Jeju scoria was mixed-dyed with the fruit of Gardenia jasminoids,
both cotton and silk fabrics turned yellow, whereas when mixed-dyed with
the heartwood of Caesalpinia sappan, both cotton and silk fabrics showed not
only increased dye uptake but also diverse color changes. In cotton fabrics,
the concentrations of mordants such as Al Cu, and Fe did not influence
surface color changes significantly. However, the color of silk fabrics changed
to yellowish brown, yellowish red, and yellowish green. Low colorfastness of
single dyeing with the heartwood of Caesalpinia sappan was observed, while
the mixed dyeing using Jeju scoria and the heartwood of Caesalpinia sappan
showed excellent colorfastness in both cotton and silk fabrics.

In summary, the results showed the superior dyeability and colorfastness of
Jeju scoria, having excellent antimicrobial activity, deodorization efficiency,
UV blocking ability, and far—infrared radiation emissivity. Since mixed dyeing
with the heartwood of Caesalpinia sappan and the fruit of Gardenia
jasminoids using mordants showed various color change, Jeju scoria is
expected as a useful natural mineral dye to develope garment textiles with

increased practicality and high value.

Key words: Scoria, Mixed dyeing, Antimicrobial activity, Deodorization

efficiency, UV blocking ability, Far—infrared radiation emissivity
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