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Abstract As the substitute of synthetic coloring materials for hair dyeing, we selected
some natural ones of three primary colors such as sappan wood, logwood(red), gardenia
blue(blue) and amur cork tree(yellow). Mixed colorants and metallic mordanting technique

were used to widen the color space of dyed samples. In view of similarity in morphological
and chemical structure, wool was adopted as the reference material for human hair to
evaluate the color properties of hair dyeing. The color properties of the dyed samples
were evaluated by using CIE L*a*b* and Munsell color systems. The addition of an alum
or ferrous mordants was effective to expand the color space of hair and to increase the
colorfastness to washing and light more than the rating of 1. Displaying the dyed samples
by using Munsell color system, better linearity of hue values between the dyed samples
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of wool and human hair was shown when alum mordant was used.

Keywords hair dyeing, natural colorants, color space, wool, metallic mordanting, CIE
L*a*b*, Munsell color system
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Table 1. Characteristics of wool fabrics
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Density of fabric
(treads/inch) Weight Thickness
(g/m) (mm)
Warp Weft
74 71 102+5 0.28+0.02
2.4 ¢
2.1 NZE YA
B oA AHEE A AN AL da AP uE
oA 28, Pl 2192 Az Y2 TYsto]
F=, 91, 55, FEAR GAE AA BELUE Ax

skl om AL (F)ESAE YA Haljsh= A7t
Elem/10% 2709 A8 a5 Adsigict, i gA =
+ ferrous sulfate heptahydrate(FeSOs - 7H20),
aluminium sulfate(Al2(SO4)316H20), ¥ A5+
KS K 0905 A A Z = Aldg WE2E AHE-sH 21
A 578] £/ Table 13} 2}, W 315H4 Ale&

o

A A A G2 200 SR oo m S A
o8 nAstal 43] gAlE Fof Wahd A A
sto] Abgsheitt, 2 E 2o Munsell M #E+=

0.1Y 6.0/5. 124 ¥ ==X ol 717151tk

Ao 2um)E o]-838tof o2t o %l
T RAANE /10 222 Y w56 559
S A 80T R Y&d & saUZR7|2 AXAIA &
TS Aotk oy 34 MAREYY FE2 Ak
8.2%, 3 6.2%, E1LE 10.45%%ch

2.3 Y= A 2eo| FA 3l ofHR2|
[¢) A

oA AMFTt, AP n]g A o A A= 2
71(40C, 40min)& A=sto] Bk 57 1 0goll ofsf
5%(on the weight of hair, owh)oll 3|d3s}l=
£ &3] 1158 &0 Fof =k A 2jstal oFn
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Shampoo, LG household&health care Ltd.,
Korea)& HH| 1:2000.2 10% A% #4884 FAgH

42 = M =7
A A of] AE3F GH-S UJV-Vis spectrophotome—
ter(Optizen 2120UV, Mecasys Co. Ltd., Korea)
Z 7k 9] A ¥ 9)(400~700nm) 2 #4”01%1
# = (absorbance) & S5t E3F A E 2 A&
& M2A (Color—Eye 3100, Macbeth, USA)E A}
83191 D65 34, 10" Alof 2o 2R EE &
3til, o] & ©] 434 CIE L¥*a*b* EAAQ B
L*(whiteness), A ZEA 4 a*(redness), b*(yel-
lowness)?t Munsell 34 A 9] A4 (Hue), ¥ =
(Value)/H = (Chroma)3t& ZA ko] F A8,
K/SE HE&4 34 (A max) oA 9] Al=Z 2] EHEFA}
&S =451 of2 1 & Kubelka—Munk 4] (1)9]
A Brhskol

=&

ol

o nrl
ol

(1-RF

K/S =
2R

where,
K absorption coefficient

S: scatter coefficient

R: reflectance
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AR 20 S HAFSEe] mdkg AFRe (e R] 1:200)0

H7F 102 ¢t w2 AAsta A Azt 5
Ut o= 303 AAlste] Al Ao Al HS ¥
BN BA-§ o] AAY(Gray scale) 2 sa& ¥

7hsttt. 4= == Xenon Test Chamber(Q—
Sun Xe—1-B, Q-Lab corporation, USA)E A&
gto] 7HEoLA ARF 15~17A, oY 125~140VE]
Z 7oA KS K ISO 105-B02(Artificial light fast—
ness, Xenon Arc Test Methods)oll &3} 10047k
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A= i AAQ] 4597 A9 F45HH &
AMAZ = AT A Rkt WA FE o] ks st
SEA|NE BFsht 2L Qb et AN A B2 M4
O] &, FAEEY Ao], FEoA 9 FHAY &
o] ZAIE dolrt, o] Aol R F& AF
S Y] 5%(owf, owh)= A slo] mHh¢l Mol 28
S HEAYS FHs A skt

Figure 1(a)& &8 3 xH 29T M4
e SRl Salste]l E4 ¢ UV-Vis T 29
Eolt}, o]52 247} 446, 424, 602, 444nmOl A
S5 updS etz §low o) Sokabzt
BHE & 295 A G0 ol XS
BAUAG M ol oA dRel axTt =

Absorbance
Absorbance

Absorbance

400 450 500 550 600 650 700 400; 450, 500
Wavelength(nm)

(a)

Wavelength(nm)

600 650 700 400 450 500 550 600 650 700
Wavelength (nm)

(c)

Figure 1. UV-Vis color spectra obtained by using some colorants : (a) Un—mordanting, (b) Al mordanting, (c)

Fe mordanting.

é]‘;%ﬁéﬁ"7}—g—§L§];{/ Zf/ 29‘71_‘_] X']/ 1%



I9E9 &3 T = 446nm, 540nm
AJst 2452 2 o]thrl 550nm ©] A
off vlsl &89 FFET} ot
do| A UV-Vis S5
AN 2ILEE AAY
Figure 1(b)¥} (o)== 2+
02 3w HelE vEebd

-z
H
i)
ol
=
)
M o

B
1 1= Ho

rlo

o of
= o
12
—Eér
oft my r
é.‘*‘:'rlol_m
B

[ o -
s

AN

5,

B b m
Sha

1= 1=
>
30,
32
5

S~
19 o i

gy e

pacy
o
—
>
¥ o
ir =
)

b e
o2
2 2
k)
N
B =

f
i=)
ol
I

o

fu
©
off

ot
ol
re
s
20
of
ot
=

N
1o
o 1
il
o

o
-

o Id
rlo 1l
ot
&
5
B
U
[
o
[
rlr
Sk
O
os)
5
8
f
B
Joi
iN
2,

=2 g 12 B
o

)
T
k)
>
o
U
=
-
kI
50,
v
T
=
g
@D
_\|I_J

2

2

2
Mo > 1o &

o Hu

o
19 o o2 o
N2
z 2

4

Qs
A=
Figure 2004 X vpel o] Tl 5=l A
et E SFE HEF UERA] okokTh, 19
U ohal g ARoll M= FR =7 AA FE 2% 0w
7HAl FA4 3] F7Fstehr 2 ol 4de] HW 1L WSk &

wHkA BRIt o2 2AE Y R} A
FF 05 2288 B QR0 /sty Bt

3.2 HE0f| [ SAM H|w

Figure 3= £5([R), FH(Y), AAHB), E1%E
(P) Mt =y 1 A
o} Al, Fe AA 2 FAIMH A
o= Uehd Zojtt, of7]9

Al mordanting = =====-- Fe mordanting
—e— Sappan wood(508nm)  ---O--- Sappan wood(522nm)
2.5 4 —&—— Amur cork tree(424nm) ---#&--- Amur cork tree(424nm))|

—=&— Gardenia blue(600nm) ---0--- Gardenia blue(600nm)
—— logwood(558nm) ---O-

--- logwood(542nm)

Absorbance
N
w

[
L

05 { A

mordant concentration(%)

Figure 2. Absorbance (A max) vs. mordant concen—
tration for Al and Fe mordanting.
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Figure 3. K/S values of dyed wool and human hair
samples : (a) Un—-mordanting, (b) Al mordanting, (c)
Fe mordanting.
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Table 2. Hue(Value/Chroma) values of dyed wool samples with the variation of mordants

Red R:Y Yellow Y:B Blue B:P Purple P:R

HV/C) 2.2YR 3.1YR 6.8Y 1.6G 8.6BG 9.1R 8.6R 0.6YR

Un (56.5/7.5) (5.3/7.4) (8.1/3.4) (6.9/1.5 ((7.1/1.7) (3.8/3.4) (3.1/4.5) (3.7/5.1)
samie | I
HV/C) 9.8R 9.6R 4.7Y 5.9B 8.5B 3.1P 4.1P 7.1P

Al (4.8/7.4) (6.1/7.2) (8.2/2.1) (5.5/3.1) (5.1/3.6) (3.0/3.2) (2.8/2.9) (3.3/2.4)
samce | [ [ N O
HV/C) 9.6R 7.8R 3.1Y 3.4G 3.6BG 7.5PB 9.9PB 3.1R

Fe (3.3/1.1) (3.71.2) (6.9/2.3) (5.8/1.3) (5.5/1.6) (3.5/1.3) (3.2/0.9) (3.1/0.5)

Textile Coloration and Finishing, Vol. 29, No. 4
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Table 3. Hue(Value/Chroma) values of dyed hair samples with the variation of mordants

Red RY Yellow Y:B Blue B:P Purple P:R
HV/C) 5.4YR 7.5YR 3.8Y 1.6G 8.0BG 9.1YR 8.6YR 6.3YR
Un (4.9/8.6) (6.3/7.1) (6.3/6.8) (4.3/2.4) (3. 3/2 2) (3. 9/3 6) (5.0/4.3) (4. 4/5 6)
HV/C) 8.5R 9.9R 2.8Y 1.5GY 5.AGY 4.1P 3.0RP 3.5RP
Al (4.0/7.6) (4.6/6.4) (5.8/5.2) (4.0/2.8) (4.9/3.2) (2.1/2.5) (2.4/2.4) (2.7/2.4)
HV/C) 0.8P 3.6Y 2.1Y 4.3BG 0.6B 0.5PB 2.5B 3.9RP
Fe (1.8/0.4) (3.1/1.00 (4.9/4.1) (3.2/0.8) (3.1/1.4) (2.2/0.2) (2.5/0.4) (1.8/0.5)

sample Y Y [ iy e N )

LR
|I\

ol &2 Auirh. 53] Fe M dAl= B-P-R ?Lﬂ SRt A Fr-mdo] M e Y E R-Y-G-
N MAARETE 55d, YFHAHE B3t 4-55 B JolA A& Bt oS MAsh] 913t A=
& UErdle ZA, Al gS F7H6k0E o 253 2afEs A
ol o] B HAMA GeEdt Wi T RAEG, 2AFEE PAGRE o] F5HHA P-RP-R
7WS A3 AT AR gt Sot AFE Fxa JoS £Fehe 4 A AF Ao Lebi
IS de TFAAH R 28 20 E= bRl vl a3t F
7hEo] HA AA A Sl o] uhE Hepdof 77t
4.4 = & STl 7Hs st Fe vl ol &3 =t
Are7h A wakehlar G ol webs = A 2
of Aol A A HAMAY TP w7l &= P-R Y9OR It 53] Fe wjdol <4
e I AN Agoto] MA ko] B ThsAd atgl, bFgh i AobA A AD R v ]lal A F
ol AT, ol & A, AU HAMLRA A E=7F 52 SAA Fo] Aot
Aol &b a5 2ISE (o) thilA), A= Al, Fe 2 A3 dgol dis] 27 455 o1
A ZEHEAA), AR AR (@A)l AgE o AH=E Bt ole WHshA 42 4R 1
ek, TS ek} g o] skeh gl Fejshy Fx7F - o ol w2 At 53] Fe Mfd A= B-P-R
ARt A aefste] M AE Hlasts WA FRoIA AAAEE 554, YFAHE 4-5592
& 283kl Upebdich,
A% g AR, RAPE FoA £ F& de AN FEeEd S8 A S 2ol

Table 4. Colorfastness to light and washing of the dyed hair samples

Colorfastness ~ Mordant Red RY Yellow Y:B Blue B:P Purple P:R
Un— 4 4 3 3 3 3 3-4 4

Washing Al 4-5 4-5 4 4 4 4-5 4-5 4-5
Fe 5 5 4-5 4-5 4-5 5 5 5

Un— 3-4 3-4 3 3 3 3-4 4 3-4
Light Al 4 4 3-4 3-4 3-4 4 4 4
Fe 4 3-4 3-4 3-4 3-4 4 4-5 4
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