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Dyeing Properties and Storage Stability of Leaf Powder Prepared
from Dyer’s Knotweed(II)
- by Hot Air and Room Temperature Drying Methods -
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Abstract— The objective of this study is to investigate the efficacy of leaf powder colorants as substitutes for traditional indigo
dyeing.  Leaf powder colorants were prepared by hot air(50°C) and room temperature(25C) drying methods from fresh leaves. The
presence of indigo in the leaf powder colorants was confirmed by UV/Visible absorption spectra. All the powder colorants showed
broad absorption at 602 nm as same as synthetic indigo. Dyeing was done by reduction method with sodium hydrosulfite and sodium
hydroxide. Leaf powder colorants produced blue color on silk fabrics, showing similar color to the one dyed traditionally with fresh
juice extract. The powder coloranis prepared at room temperature drying were more stable for long term storage than that prepared
by hot air drying. Thus, the powder colorants prepared by room temperature drying was reduced and dyed in one-step process
without sodium hydroxide in the dyebath for further investigate dyeing properties. K/S value of the fabric dyed without sodium
hydroxide was much higher than one dyed with sodium hydroxide. Regardless of the addition of sodium hydroxide, rubbing fastness
was fairly good showing above 4 rating. Fastness to dry cleaning and light of the fabrics dyed without sodium hydroxide were more
higher than that dyed in alkaline condition.
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2 M

21 Al2 Y Al

A2 2 (plain, 160x98finch’, 42g/m’, 0.11mm)<
FAYEE AEEAT. B2 A UFdA 39 T
}&38le] A3t Dyer’s knotweed(Polygonum tintorium)
% 8¢ 8%l +gste] AHESHETH NazS:04, NaOH,
CH;COOH: 1§ Al%E AT
22 WEYUSLS HE

B Az v Hojd & FoA AT
o2 Besta Agegit. B EULS €F
%7](Mechanical Circulation Oven, 1412, Dongyan,
Science Co., Korea)S ©]-€3}o 50TCoA 29 F2
H¥ 72 (hot air drying)dtAY 25CToAN 29 F

g b

52

A&7 Z(room temperature drying) 8% 25, 423
YL BH7|(Z=U A, DA282-2, (F) YA OIEE,
FHHE FA BT T A (SO mesh 200m=E A H
o Az 4 B YFL(I50) ARst] 44
A& 2A ST

2.3 M

FATFUEES AHEote FUEHOREA, HA
ou] 1:5002 42220)9 FF% SomLo] HY
T 4g/L, YA (Na:S:04) 2¢g/L, €722 (NaOH) 1g/L
£ AHE3t] 158 Fe YA & JES FASY
158 &< dMst. g4 & 37] oA Aghd
A3t 0.1% otMEA &Aooz 1087 F3et
2R, Az & AR G2 Y 2A4E 9
3 BAAY 2AL YYEY 8g/L, NasS:0: 4g/L,
NaOH 2g/Lo] §1tt.
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7] (Ahiba Nuance, Datacolor International, USA)Z &
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L2 (20~60TC), A|ZH(5~60min) 18T NaS:0:%5%
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(one-step)2 3P} T},

Q44 uE U HEAA Z 489 $4a 4
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AL Paach JEEAL AR Yo 6T
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< AZdto BUSE JHET 4¢/L, Nay$:04 2¢/L,
NaOH 1g/Ll zZoN JPedah 22 Yoz
et

24 UV-Vis 2824

34 QY] (Indigo, Vat Blue 1, Aldrich, Germany)
3mg, A ¢4l (Indirubin, Alexis, USA) 1mg, 1
g3 Az PYUYEL ZF 0.1gE 50mLe tetrahy-
drofuran(THE, Merck, USA) €] & ZZ&3to UV/VIS
spectroscope (Agilent 845, Agilent Technologies,
Waldbronn, Germany)2 7FA 9% AdY9 T3
(absorbance)E &3¢t olnf Az% £ &
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2 QFFE gUtekch MAwsl= CIELAB #4
Aol 9% P L' M HEA4 2, b'E B,
AN G ABE 7|F20g st A JEE A
Z3l9 k. £33 Munsell®] H V/C 3L 24319t

26 gMAR: 54

Ag A8 = Mg A E 7] (Launder-Ometer) S AHE
6] AATCC Test Method 61-1989 1A wa} 23
stged, AAE REAA 4l Ag SHNAE A
23519t Eajo|Z g AFHEE AATCC Test Method
132-19899) wat 38t on, Ng 2 EaolEs
Y ¥ AR Byg ado] 2AYY oF #AE
2ALE AL FEE BT

AGAZY T AATCC Test Method 16-2004
Option 39 &89 Xenon Test Chamber(Q-SUN,
Xe-1-B, Q-Panel Lab Products, USA)E AR£3}¢] 3,
10, 20, 40412t F2AHE WA E o) g3t JEE
AEstgoed, 9 20/7 FRA F O8] A
dg 71208 § JEGLE Bl

Table 1. Powder vield and color
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Fig. 1. UV/Visible spectra of indigo, indirubin and

prepared leaf powders.

Powder code Fresh leaves(g) Powder colorant(g) Yield(%) H V/C
HA 2,780 395 142 7.6GY 4.7/1.3
RT 3,400 507 14.9 9.1GY 5.0/1.3
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Fig. 2+ HZAHA Y22 HF AT 2 E(fresh
juice)d} FAPOR FL& U EUE FUANT
A & (niram), 2831 AZFF PYEL HA9 RT=Z
SAGAG FE FHUAE JAolt HYFZ4
e Aoy Ry FRo ABglol BE
620 nmZ e} o, HASH RT £¥2 g4 2§
9 FUTAE TAHL UHETEGE AFSE 9
g A5 TAY AR & 4% 9 A2z
AAELZ YA AZE BHYL AEF
A FMEY F AFENE B M o FAE
AoR idn.

Fig. 32 H&EA4 191 Y%, HA, RT 222 &
HENE JEEY K/S groloh. g4 2 dr9
YEAE7 A2 G2 B A3 g4 A A
= AFEN > Ud >RT>HA £02 d&¥e ¢
At #&% 1T A$ AR FH 288 Y
ZF(HA; 1.41g, RT; 1.34g)& 2 o] gl oL}, RT
E4AMo] HA et ¢ 2 d4F¢ES 9
th. o] RT 229 Addx §fo] HA ETE ¢
e fEor Bodd(Fg 1). & A4S 434z
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€4 FHAA 9 |4 PHoE E + U
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Fig. 2. Reflectance curve of the fabrics dyed with
fresh juice, niram, HA and RT.
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Fig. 3. K/S value of the fabrics dyed with fresh juice,
niram, HA and RT.
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Fig. 4. H V/C of the fabrics dyed with fresh juice,
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A hue)d] A5 AEFNT FEL 53B, U@ Y dh1y 25-FIF FEAE AHR

$UR BUGNT BTG ANL 2488, 193
HASH RT 222 SU94% 429 44& 628
o 79B2 Uit & UFELE 9AE 429
4% TG W Azg AYRTE 4T 4%
59 M4L HF9UT A2 A4 2L B A
dU& ¢ 4 9tk ol Fig 2904 HA% RT &
T2 YT HBY EUSAE TAYYA A5
4% NE IAYHS o AR AT AT,
ol ARTRY AEYS 9F U AeAz
QESE A AFHA AZDN Hesii
& 9 4 Use Ay,

o8 ATVH 4Ue FAAzSG AL
=
9g & Ygou, BAYYF A9lE 1 A%
# 5 gt ol 7oL 9F 9 Jedzsl
o AzF 2L A olglo] AFANoIA G
TS ALdHE AESET B BT 85 AR
$TL sa0mmol 4 UERon Munsell AAE
55BG, 57BGEZ UEh} AEFHQ dMofA d& ¢

e T

&
o

& Bu PB AY A4S 98 % ot & 9
R 4LART BUL 0|8 ALYML AYEY

Mol aatAQl FAHol ofdE Estdt.

Adu HaE B E4olxm Mg Asgol
A7) WEe gFYR FLANE At Hgol
FAEE AF-FZY®Naleuco) FEAZ TET
ol AfUR ARAL thg oAl F7]AHs o
o8 A& B84 ddI FMAHA FAsT
(Scheme 1).

A $AZAE, van der Waals Ao 23t A
< st A4l dehte Aoz deA g
Hidaka®s van der Waals A& ofF o3, 713
$22%L ¥gn Rusdg”. 4de 9F ¢
%2 Fig. 194 2l
uteh Zol BEge oA ddu M2 FHiot
Atk o] BIs dYAIHE B Fo) EA43}
Aie L25-FIE FZAZ Ho AHR

Ry g LY
511 37

Fo Astste BAG 4oz &

2= onf e ook

Ao u)3) HeFo| 7H58to]
& 2 gon, Ao Auglo] AL 5 UL AL
2 RAEBEE, o] Y5t A7) WE AMA
& AHHEYT.

Table 2 7 B2 WEA(-15C)o] <A77 A
A% T FUANs] 24T GRS N B4 w3
ojth, AEAXT HARTY 3o A%A7Ho| 360Y
2 ZojFol wet Fzteko] 319714 FAPoH,
dxge a4z A8 P L e 4% 371849
o2t Mg =48 Jehfe gtog g9 Azt
o] 248 =40 Z7%S, b FA FAL Y
s gto 2 29 Agto] 248 FMo] Zoy

& ou gtk AA7) o] oY) w29 b A7)

=

7h FasiRen, 53 604 AZAA FH7LY

O H O'Na*t H

H Q, N \

© H +Na'0o
Indigo Ionic form of Leuco-indigo

Scheme 1. The principle of dyeing with sodium

Table 2. Effect of storage days on K/S value and color

(sodium salt shown)

hydrosulfite and sodium hydroxide

Leaf powder S(t;:;sg)e I((Glgovﬁlmu)e L a b H V/C AE’
30 0.85 72.34 -12.40 -11.75 7.5B 7.0/4.0 27.74

HA 60 0.76 73.04 -11.36 -8.64 53B 7.1/3.2 25.11
360 0.59 74.46 -11.07 -8.58 6.1B 7.2/3.2 23.99

30 1.05 70.18 -13.15 -13.49 7.8B 6.8/4.5 30.27

RT 60 1.06 70.10 -13.58 -13.10 7.4B 6.7/4.5 30.82
360 1.04 70.19 -13.14 -13.31 7.8B 6.8/4.5 30.45
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RTEZS A 47|7ke] 02 @Zepe] stz A9 ¢l
o, L, a, b g9 ¥atE 32 ¢2& & 4 9t
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ol AT VNN AFAPA ol A YA £
=< 2 At Ao FUMYo] Yol Wit
Rou t7] FolH Ax3 HAG KT & HE2 &2
T AR BE 2T MM AY Wt o
ATt ol& A2z vty dFAxE JHHE
i Aa4dEel o EAdAske] Azto] Ao
2 A WY B BeHe fE2oz dqAAY 28
& W7l HaME 2g A7t B8 AAold

A% A5HA 459N QA

F 9t 5249 AdugRe ¥ 4 . 679

2 o 2953 2R4 Q7140 HguTE &
¢ =g

=

ol9] & NaOHE 2 A| 91 Na,S;048F A3t
A7 2 194 /A5 AR ES FAA
S AHEYT

Fig. 5& /88 2o g g wslo]
o AL 620 nmE 2kt A42(207T)
A9 K/S F2 0882 mj$ Yo Lx7} 715t
o2t A& F7te 50CAA = 52774 F7b8kA
ouf, o]F 60C FANA = H28AT}. NaxS:0.:
55CHE AA3 Eajs7] AFstez' 60T A
= So] Etsto o] 058 Fad AL
2 Rt Munsell AL 20T A= 14B, 182
%7} 10CH 27130 wat zhzk 3.8B, 5.4B, 6.8B,
60BZ Z5F AEFAMG3B)T 22 B AE y4og
et o, g3kl Zadt 60CTE Adstnes &
YN L=t FotdE AN 7o) 7 ML
s o Ut AFFTG YLo Bop FY/EM
2L 50C7 At

Fig. 6 SU/9M Al7te] w2 Fargro] wiglo]
th AL 1087149 = S7h7t df$ 29 308
M= 254 F713tt7t o) Foll= Z4s 4.

|28 | PR A 219 A 45

Munsell A2 49B~6.8B H9 2 BE B A G0
. ARFAL FE G4 27]9 o|RojA & A=
e, 44 F9/94 A 7HE 30822 &g

Fig. 72 Na;S;04 520 & @29 #3foln.
Na;S;0s § & 4g/lnA & 4&F9 5717 Wi 4
oL, 8Lt e FAT F7HE HEon ojFo&
2 H3E BolA 9gth. Na$0, vE° #E
Munsell M- 55 2g/LEE 7tz 4.7BG, 7.5BG,
2.6B, 6.8B, 6.7B, 181 69BZ, @xFo] e
4glL7HA] = BGAEE Uet ey, 6g/l o]} &
qMe 2% BAEY AL BYrt(Fig 8). £3]
gdaas el syl oldelMt AAEt
6.7~69BE W37} 27 gong 8oL} AFd &
YA F=2 ARG, §H, Fig. 49 NaOHE 7
A3 Aol Nax$0s 5% 2g/Lo A% Munsell
Apol 79BE U}t BEFMELE HYT.
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6 4

K/S value (620nm)
N w E- [3,]

-

()} r . . . r
10 20 30 40 50 60 70
Reduction/dyeing temp. (°C)

Fig. 5. Effect of reduction/dyeing temperature on the
dye uptake of fabrics dyed without sodium hydro-
xide(RT powder 4g/L, sodium hydrosulfite 8g/L, 30min).
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K/S value (620nm)
N w £ (%]

-
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Reduction/dyeing time (min)
Fig. 6. Effect of reduction/dyeing time on the dye
uptake of fabrics dyed without sodium hydroxide(RT
powder 4g/L, sodium hydrosulfite 8g/L, 50°C).



HI
[

KIS value (620nm)
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Na,S,0, (g/L)
Fig. 7. Effect of sodium hydrosulfite concentration on

the dye uptake of fabrics dyed without sodium
hydroxide(RT powder 4g/L, 50°C/30min).
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/ 106Y
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- Hue2

Fig. 8. Hue and chroma of fabrics dyed without
sodium hydroxide according to the sodium hydrosulfite
concentration(RT powder 4g/L, 50°C/30min).

%, NaOH7} §le AH oA NapS,0.% A-&-3}d
AEENATE 27] Y3l e NaOHE &A AHga
FAo| vlste o T ko FUA dads &
F ok

Fig. 9% Na;$:0; 5= w2 g£9 pHo|t}. A
2% 292 ¢ v AR FFpo| F BAFH
on, 9719 FYAE &9 HE &A% pHE
6.04~6362 2 Na,$,0s 5 &7} Z7hgo] wat 232
H F7Hgon s BE Z Zole it &
YgH Fo A3 pHE BF WolA: AFE B
Atk E3] NaS,04 55 2g/Lo) A9 pHE 3.692 7}
A Wokom Na$04 571 715t et pHF 5
7hetol 23 AAFE B 8L = AME 5467t
A F7 oY o] Fol= & WSE HolA gyt
°ol& Fig. 59 Na$;0s s%o] g Fzz ¥zl
22 AFgoz, RY/AN T L9 pHIL AFE F
Mo #oiste E3] pH 546 HolA FE3 3
Y gAo] o|RojA = Hog AZHT

Table 30 Z& RT £9 =9 FYA oA

s
4 -
3 ~(O~ before reduction/dyeing
—@— after reduction/dyeing
2 T T T T T v
0 2 4 6 8 10 12 14

Na,S,0, (g/L)

Fig. 9. pH of before and after reduction/dyeing
according to sodium hydrosulfite concentration without
sodium hydroxide in the dye bath(RT powder 4g/L, 5
0C/30min).

NaOH At4of W& AEQ A ¥ EA4L YE
itk NaOHE AHE-3HA] 1 EAg A &7} NaOH
£ A AES Ao vete X & AFFE
AYL o, 543 JH47) o] & 4 BAYE A
A& Holn it o] Aite] B2W NarS,0.% A
o 194 S/FM0l AAESN o 83 G
o7 madt. B8 &7 A A% A4S F
e AT ¢ ke AAA o] L A5
REFANE QAT = de T o= At

AY 3 7FE Y 7] (>C=0)x NazS,0.9] FzH-gof
A3 Ao A A A4 (acid)d H] o] &(non-ion)
F3 AFE(>C-OH)o| "t vjo| {FI-AFEL
99 2drno 3 Fg %, o|Ho] AYE &
251 o] 3 F|AMSY o3 A MG AT
A0 2 ¥lth(Scheme 2). Table 39| Uebd g2
o2 & o vjo]L FA-IFEY FE7} o] 23
AF-FIY FEA(Scheme D)of st A A5
gt Astel o F AL HZHT.

Ut 0 2 NaOHE AH4eh FY/FM o 2ol &
Hol ML wetd A Ho|th. NaOHE AHE3HA] &
AE AR FY/ENR A ot gkt
qg Eof AL ML HEAFEIT Btk O A
o] 224 Agolr] dFFr w2 uid, AY 2%
(~50C) gM2 4A3] 7Hes A E Yeue &9
o] AT =T AGEA FHF B A Jed
CE AR 9L QAT S0 8 Hot B
AL gidlen, B EAx &3 £99 gt A
Zpol7k Uz gttt o] 2R H, NaxS:0.8 AHg-3}
A% AR Y/ zANAM Y 7HEZL NaOHE
AHE3HE 3 Hske] & Afol7t loka AdE

rlo

fr lo o &L 1o

i

o)
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Table 3. K/S value and color properties according to the sodium hydroxide(RT leaf powder 4g/L, sodium

hydrosulfite 8g/L, bath ratio 1:100)

NaOH(g/L) pH 1((6/§0v§1mu)e H V/C a b’ AE
0 5.46 527 6.8B 4.8/5.9 -18.06 -18.25 50.40
2 11.76 0.85 7.0B 7.1/4.0 -13.08 -11.32 27.46
4 12.23 0.75 73B 7.2/4.0 -12.77 1147 26.56
8 12.48 0.67 6.2B 7.3/3.4 -11.64 924 2334
o oH
N N \
H o HO
Indigo Non-ionic form of Leuco-indigo

Scheme 2. The principle of dyeing with sodium hydrosulfite

Table 4. Colorfastness according to the addition of sodium hydroxide

Dre KIS Washing Dry cleaning Rubbing fradiati
yemng / Stain Stain adiation
condition value  Color Color Wet 20hr
change  First Second change First Second Dry We (20h0)
with NaOH  1.04 2 5 5 23 5 5 4/5 45 1
without NaOH 5.27 1/2 4/5 4/5 3/4 5 5 4 4 2
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Fig. 10. Effect of irradiation time on the color difference
according to the addition of sodium hydroxide.



Table 5. Change of H V/C of the dyed fabrics after washing, dry cleaning, and irradiation

Dyeing before Colorfastness after Colorfastness test
condition test Washing Dry cleaning Irradiation(20hr)
with NaOH 7.8B 6.8/4.5 0.1PB 7.3/2.6 5.8B 7.4/3.1 8.5BG 7.9/1.6
without NaOH 6.8B 4.8/5.9 0.2PB 5.4/3.8 5.1B 5.3/5.6 5.1B 5.7/4.6
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