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Natural dyeing of silk fabrics dyed with extracts of Thuja orientalis
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Abstract

The natural dyeing of silk fabric with Thuja orientalis extract was investigated. The proper colorant concentration,
dyeing temperature, dyeing time, and pH for the dyeing of silk fabric with Thuja orientalis extract were 100% v/v,
80°C, 80 minutes and pH 3, respectively. In various mordanted methods, the K/S values of mordanted methods
were higher than those of unmordanted methods with increasing mordant concentration. Light colorfastness and
washing colorfastness of Cu or Fe mordanted silk fabric was improved by mordanting. The antibacterial properties
of dyed and mordanted silk fabric showed a high reduction rate, and Thuja orientalis extract was showed effective
bacterial reduction. The dyed and mordanted fabric with Thuja orientalis extract showed a superior ultraviolet
protection property.

Keywords: natural dyeing(% 919928, colorfastness( G2 HZ/%), bacterial reduction( et =), ultraviolet protection
(RF2)41 2D, Thuja orientalis(ZYH)
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[I. Experimental

1. Materials

A% A ARES RAste] ARE A
om, e A% FAAOlA FRlekel AMgala
ot i GAISL Al H FAI(AIK(SOs), - Hy0), Fe 1
A|(FeSOy4 + 7TH,0), CuH] GA|(CuSO, - 5H,0) & 7]
B Aok §2 15 Alokg T AMgsisic

2. Preparatin of dye

Zu) Wazols olf, AFBo| Sl 1100,
A= 20~100% viv, 2% 50~90C, A]7F 20~120
. pH 2~112 W37 A] IRGA7](Daelim Starlet

Engineering, Model DL-6001)& ©|-&, g3t t}2

AZEHK/S)S v EAFl] 2 H MAasr G
L FMAZE 9 pHY| g3Fe 115t
4. Mordantig
AR Al Cu, Fe 5 AMS, AM3Hz 5
ol A gl xS o]83te] 8] 1:100, 40C
Oﬂ/ﬂ 2087 Aufed @ SFefdatar, £u] 1:100, A
L 100% viv, 80°Coll A 8087 A1 AlA|5}

}_

Sich ohelel el 2427 A4S Sl 2 o)
A F7, FE(~5% owt) W TR T o
e v aEs ik

5. Color measurement

Handy type colormeter(Color System Co. Model
IX 777)E AME31o] 40004 700nm AFo]S 10nm
Ao 2 EHEAES 2439 & Kubelka-Munk
“011 ofsf K/S & SAst] AN vlaag

K/S=(1—R)*2R
o714 R: FHYALE, K 337, S: AE Al

6. Fastness tests

AEFA 2 == Launder-o-meterS AFE-5}o] KS K
ISO 105 C06:2007 A2SY, YL A2 %=X Fade-o-
meterS ©]-&3}o] KS K ISO 105 B02:20054, =}z
AFEE crock-meterS AFES}o] KS K 06504,
A= AATCC perspiration testerE ©]-83}¢] KS
K 07154, =2}o|Z8]d A=Z] =+ Launder-o-meter
= AFg3lo] KS K ISO 105 D01:2005 ¢ #&5}o]
=459



Vol. 21, No. 5 4|

7. Antibacterial property

A Z4L2 KS K 0693: 20010f &Jalo] FAl+F
© 2 Staphylococcus aureus(ATCC 6538)2} Klebsiella
pneumoniae(ATCC 4352)2 Alg3dlo] A+ A4S
(bacteria reduction rate)E =4 W7}ttt

8. UV protection property

A AXE, S0 2EAsE QA AYE
9 ojd He2jst A& UV-A 2 UV-B] E1}-g
< UV-VIS-NIR Spectrophotomer(Varian, CARY 5000)
g olg 243 e BE A S Ak,

UVET-(%)=(T/B)*100

UVAFHE(%)=100—UV F1}-8(%)

A7IA T A&s
B: 371&

Ea UV St
B UV Faie

Ill. Result and Discussion

1. Effect of dyeing conditions
(Fig. 1) QA% 80T, A7 80kl A o
At RS o MAEE 10~100% vivel w2 K/S 3k
94 Wske ehdl Aotk MasEst Fla4E
S 72 &3] FUPstd e, Mas: 90% viv
oHoﬂt 79 Bl meet AL yehe
B, 100% vivel Al 2t K/S @2 Urehiolek. ojo
Po| ZuEE NaEEsl 7RSS QUL
Z7behe ARS Uhebi), o dgo)xe] A
2Rt BRSSO B gusol A4ER

o

10 L] [ ]

K/S{400nm)

0 20 40 50 50 100

Concentration of colorant(%,v/v)

(Fig. 1) Effect of concentration of colorant on K/S of

silk fabric dyed with Thuja orientalis.

%

= 89

Ho=H Ao Zlo|7} H% A

7] EEH—E,—O]ﬂ-I’_ AJZ- = th(Shin et al., 2008). (Fig.

Bl Adzd WollA Ao dMES

e %‘ S 100% viveleh TS,

(Fig. 2)= 2w MAlkew 100% viv, 80502 &

u] 1100004 AHSHAE v Auewe] whe g

AKIS)o] ¥5kE vehi Aol FHLEr} STk
+2 QUL FsIgom, 4877 eli s ¢

M2 90Tl T K/S & %E} A B E

o ML GALET} FA4E gste] A

Ve MSo] olsh WA S 4 9)
B2 gueRs} FHARE GAHL s

o
= O
S 7 FotE| o)X H(Trotman, 1975), & A3
A T KIS 3he e dale s 90T B
HolAu, 7 B4e) 27 U AR &4 WAE 9
SlAE R0 CE JMsH= ZAlo] A3t AlREHTh
2 22 MAFE 100% viv, G 80T

il

ni
N
Y
f ot 2 o Jo

A A o ALk T Aol wst
2 (Fig 3ol trehhoich. GAAIZE 0587 o] 2
W 2EMA50) FAE whaA AaE o] duy
o w3 ek A & 4 glov, g
Az 80—3%011*1 KIS g 9712 e} G4 et
WO T oAk AZkel A ek AstatdoL,
KIS %k 9.61-9.682 79| Heo] meat Ao
Urekthgich ol AALAIRE 807K AAE e
A2 4 Gl ZU] 2E M40 ofo] EoiEo]
olzzel. 2 ol GAAtol 7SI | ol
9 % BEKIS)S F7He A gtk A%

7

L E S L RIEE LN

F{E
E
k1
>
ST
ri
i)

K/s(400nm)

Dyeing temperature('C)

(Fig. 2) Effect of dyeing temperature on K/S of silk
fabric dyed with Thuja orientalis.
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(Fig. 3) Effect of dyeing time on K/S of silk fabric dyed

with Thuja orientalis.

Z A 100% viv., SH] 1:100, 80T o] A
8027k AAEHle W A2 pH7E FAde] v]A]
£ &= (Fig Hof Hetfioith g8l ez
ool wet AN STt BEE HERA
ou, pH 394 o d44de Uepdidth ol=
A& Fof pH7F SAH okl AMEolM Hie
A7174 obw]ie7|7} sj2](—NH;) 3HA HEZ o]
248 WA =1, 29 22HH9] Yagrso|
AL RS0 ol ol amguq/q So)&Ao]

Eo] o]2dge] FAEHUA w2 AMAE U
L Ao R AR ETHBai, 2010). 1} 48 =
9] pH7} THA ool HFH M= S0l
Al Elo] MAagEET *P°l°ﬂ 714 ghdeo] A
7];“ E]‘ji odxl—o] HI—OHE' 515
™, ¥ pH7}F H&
A4 Y s oS &
HEoto] ol 23 A2 vigr Lt
/gL A Aol AE Yehd
(Fig. 4)9] A2 HE |89 pH7} 7+
ML Z7kete AE UsdE ¢

A

K/S(400mm)

pH
(Fig. 4) Effect of pH on K/S of silk fabric dyed with

Thuja orientalis.

LY

2. Effect of mordanting conditions

(Fig. 5)9} (Fig. 6)-= W AA Q] Z57, WIA &
= 9 o) ne 05&‘*5‘(108)4 MalS et
W Ao (Fig. )= **HH AR =] K/S 3o

7&% A2 100%

wishe ekl Zlolch @4

viv, AULE 80T, HAIXTE 80%0] 0w, v
Aol w2 g o] Mshs e ¢
o} 400nmoj| A 9] K/ISE

S7stalet. Tl ol vl
Al T Al FAGKIS)S LR S 2 A3lsl= 7
FE HE oY, WEAl sl whE 2 Wdhe o
HEA] 3deh Cu mjH ] A, 2E EA T
oA PR 2 A2FgE Bilon, 2%)A
o K/S gk UERH AT, Fe v @Al 1~2%(0.w.f)
7HA Fu el wlel] fatERe Wekou, 3% olF

L= Sha e RN
F/1s 3RS B

om, 4% o KIS g

cu

uFe

K/S (400nm)

Unmordented 1 2 s 4 5
Mordant Concentration (%, 0.w.f)

(Fig. 5) Relation between concentration of mordants and

K/S value of silk fabric dyed with Thuja orientalis by

pre-mordanting method.

30

25 [ mFe

20

15

K/S (400nm)

10

Unmordganted 1 > s s 5
Mordant Concentration (%, o.w.f)

(Fig. 6) Relation between concentration of mordants and

K/S value of silk fabric dyed with Thuja orientalis by

post-mordanting method.
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et gleh (Fig. 6)-> Fojy A2t -2 K/S
7ol WskE vehd Aoz Al9] A WaA] sk
3%, Cu 4 Fe A2 -9 4%(o.w.f)olA =2
K/S 3H& Yeles HFE Hort

(Table 1) & (Table 2)= =1
g Az Eol| ko] A F5,
o o w2 A HEls yeRd
L*8 W E, +a* WS red, —a* W3k
AFo 2ol M3} +b* WEFS yellow, —b* HBES blue
AALo 2 o] HEE, H: MAK(Hue), V= % (Value),
C+= A %=(Chroma)E trebd Zlojch

(Table 1)-& Aol Helgh 2% 5o] Ewal vl
5 et Ao WE Lo A%, ule] A] o)

& =°f wlsto] Astatl=H, ol Fig.

59 Al M & 4= Qlo] @A FItE 9l
af Ajafo] of F1517] wjEoletar AZHEn, Fe H
AAle] A 7 & For Astatgleh A
= a*9] A4, Fujd GA A& nlste] HA
7|u7b S7veke Ade UEtion, Fe wig A9l
A% WAl BEs} 2] veh Astetel =4

SRR

a

o] o
J= =]
[e)
=

%

9. ALY A9 WA ol W 2 WskE Hol
A pgrov], Cu wjg Hel Aol F7IuIsL 3
7¥skiont, Fe v Ael Al B47]0)7} Z7hslet
7 Al AL SRk e YA )
LR

(Table 2= Fo¢f Aeleh 799 @ ws}
24 g Qo] ol P Asste] o F9A
= %S ek, ALY Cu iy He) A HA17]
w7k F7ksHe A%, Fe ol Al A7 %
ke %S deridleh MRS bre) B9,
ol Aol ofa) Al 2 Cu i He) A Fa7]o]
7 37kt AFL, Fe e A AM 017 371
stgom, Ae YALS vehyglth Aut
Wl @A A5} wlaste] 75t AFE ot
ehigloL, TieAl Smel T 2 waks moly

st

=

(Table 1) Color change of silk fabrics dyed with Thuja orientalis by pre-mordanted method

L* a* b* AE*ab H V/IC

Untreated 93.89 0.17 6.67 0.00 0.00 9.28/0.00
Mordants | Concentration(%,0.w.f.)

1 64.57 4.56 23.27 34.10 295Y 6.44/3.84

2 65.66 4.15 23.45 33.08 3.22Y 6.29/3.89

Al 3 65.98 4.01 23.90 33.05 3.25Y 6.43/3.93

4 66.05 3.99 24.04 33.00 332Y 6.40/3.96

5 66.50 421 24.23 32.81 333Y 6.48/3.99

1 50.59 3.80 19.21 46.24 4.55Y 4.90/3.10

2 49.22 241 2241 46.48 3.58Y 4.77/3.61

Cu 3 55.57 647 28.02 44.51 2.17Y 5.39/4.56

4 56.16 7.39 28.07 44.50 1.74Y 5.45/4.78

5 56.28 7.41 29.29 44.34 1.73Y 5.46/4.82

1 56.09 2.90 18.55 39.74 4.07Y 5.44/3.09

2 51.90 249 17.68 43.59 445Y 5.03/2.93

Fe 3 46.06 1.80 16.44 44.88 5.10Y 4.47/2.68

4 40.54 1.28 15.82 54.17 5.72Y 3.94/2.57

5 44.61 1.59 17.16 50.43 533Y 4.33/2.77
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(Table 2) Color change of silk fabrics dyed with Thuja orientalis by post-mordanted method
L* a* b* AFE*ab H v/iC
Untreated 93.89 0.17 6.67 0.00 0.00 9.28/0.00
Mordants | Concentration(%o,0.w.f.)

1 67.36 4.15 27.95 34.28 3.39Y 6.57/4.51

2 64.06 4.07 33.70 40.51 3.67Y 6.24/5.27

Al 3 64.00 3.98 33.75 40.95 3.62Y 6.23/5.26

4 64.20 4.22 34.55 40.84 3.57Y 6.25/5.39

5 64.78 428 34.98 40.51 3.55Y 6.31/5.45

1 56.37 7.55 30.66 45.18 L77Y 5.47/5.01

2 53.55 8.53 31.30 48.03 1.36Y 5.19/5.13

Cu 3 51.67 9.27 31.62 50.10 1.06Y 5.01/5.20

4 50.96 9.35 32.01 50.53 0.99Y 4.94/5.25

5 51.07 9.62 31.59 5047 0.85Y 4.95/5.22

1 38.76 1.44 14.44 55.72 5.55Y 3.76/2.40

2 32.05 1.30 13.25 62.23 5.67Y 3.12/2.37

Fe 3 29.89 1.28 13.20 64.37 5.69Y 2.91/2.34

4 28.02 0.94 12.77 66.19 5.84Y 2.73/2.32

5 30.16 1.18 14.08 64.20 6.11Y 2.94/2.49

3. Colorfastness

(Table 3)& Lo gl Q4 A BT J4) F L)
1:100, WA == Al 3%, Cu 4%, Fe 4% o.wf 2
40Co 4] 2087F Sujdst AREe] 2% ARw
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Mot gldlen, &
gh, AlEtdE s HEA] Qlof Al H

2 ks wolx ekttt

o] oAl

== e |

AN EL Asteiglon), Cu 9 Feo] 4% 1253
A el ATHE YRt 23S 4-559)
AFEE welon, BadEs Al W A As)

4 o

g
.
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w, 19 AEE: %

(Table 3) Colorfastness of silk fabrics dyed with Thuja orientalis and mordanted with various mordants

Dry cleaning Washing . Perspiration
Rubbing
Stain Stain Acidic Alkaline
Silk | Light
Fade ) Fade | Stain Stain
Silk | Cotton Silk |Cotton| Dry | Wet | Fade - Fade -
Silk | Cotton Silk | Cotton
Dyed | 3 45 | 45 | 45 | 223 | 45 | 45 | 45 | 45 | 34 4 4 4 34 | 34
Al 4 2 4~5 | 45 1 45 | 45 34 | 45 | 45 3 34 | 34
Cu 4 4~5 | 45 | 45 4 45 | 45 4 4 4 4 3 34 | 34
Fe 3 4~5 | 45 | 45 4 45 | 45 4-5 3 45 | 4~5 4 4 4
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W A Ao Aot wasgo 19 e
Ae] ASele 2 et gRiA) B ARl @
Apo] graslgich Solele] Hls) Al w4 s
2o Ashe Role Ao KIS ghe 9.710]9 0Lk,
AL A 88302 G842 Astol T2 felo]
eha BeEL, 25 F7bA9 AT E B S
29l o] Bashtn ARE.

4. Antibacterial property

(Table 4)= ZW =2AAE WAL 100% Vv,
QULE 80T, YU S0 A QAT AZE
I W AA 5= Al 3%, Cu 4%, Fe 4%(o.w.f)Z
40Tl A 2027 S He2|et AZ =0 F+ta
S ol 7| {sto] S LA (Staphylococcus
aureus)™} W7tk (Klebsiella pneunmoniae) S A4,
At ol 18417k 0] 58] Ht-&S& EAsto] H7}
ot @S UEhd oty A E=gTt I
HHbtoll A dARE AAIRE A== 99.9%
E3F 99.9%

-

(Table 4) Antibacterial property of silk fabrics dyed with
Thuja orientalis and mordanted with various mordants

Antibacterial property Bacteria reduction rate (%)

Staphylococcus | Klebsiella

Silk fabrics aureus pneumoniae
Untreated 46.4 42.0
Dyed 9.9 99.9
Al mordanted 9.9 99.9
Cu mordanted 9.9 99.9
Fe mordanted 9.9 99.9

%

=3 93
A e FRABE AL 4+ USS L 4 9
[e3]
AA

5. UV protection property

oA AtE Algo AYHE FIANHE
W FasHA e Aol WSS vhehe, 4]
Az} R4 (ultraviolet protection factor, = UPF)
AR glo] Fiakd Hat Ao gt ARE
It Hat A O] vl UEbdl Tk 2o A
A0 AFEAS ASAA dHepds A
YRS FA wEH, 9§ 23E ST
15~400nm©| A+&JA1 A(UV-A, 3} e
A A), FHEY Fo] e, FH
o] Z == Sun-Burn @4-E X shH, T
o A ARE S35k 37 290~315nm
Fol Al BUV-B, M 2ol &), Arabgol 9]
%+ 180~ 290nme] Z}214 C(UV-C, Tat 2}
o PAoM) PR Ane] HAE
A& (UV-A 2 UV-B) & AH9] 4 XA =(UPF)
2 Ueiii, Alddats 443 olst 1271
ERLE S

A4 UV-A(315~400mm) o] 2peh-& Ao A ¢
AT %, 980%E Zu] 2B Lo o5 A9l4
AFEA O] HolE geldd 4= glglen, E3 g
Al 98.0~98.9%= ulj ol o8l Apdk S0 oz &
7¥stg o, T aRAd2 e A ¢dt). UV-B
(290~315mm) 9] &2 HA A] 98.1%E Ao]
Folge gelstglon, Wi Al 97.9~98.9%2] A}
S8e etk Aol ABAHUPRE d4)
w4 Cutto] 495 LebgoLt, Aol g4l & )
Holl ol 50+2 g3t A £ & &l

o 4 9%k

S
w—&(‘_c,

o

[ rlo

ﬂllﬂl (o _1}0‘
o & d

N

oorr o dr lo o Eoox g® M rlr

)

o2

-

N

we

(Table 5) Ultraviolet protection property of silk fabrics dyed with Thuja orientalis and mordanted with various mordants

Silk UV-R(%) UV-A(%) UV-B(%) UPF

Dyed 98.0 98.0 98.1 50+
Al 98.9 98.9 98.9 50+
Cu 97.9 97.9 98.0 49
Fe 98.0 97.9 98.1 50+

UV-R: 290~400nm - UV-A: 315~400nm - UV-B: 290~315nm
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