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Abstract

This study examines dyes and dyeability of fabrics in relations to
dyeing temperature, time, concentration, and the number of repeated
dyeing. For the study, at first we extracted natural dyes from citrus
peel such as Cumshiu mandarin, C7Tachibana and C.Dangyuza, which
are fast as dyes and considered as recycling agricultural wastes; and
represent the image of Jeju Island. Then, we dyed cotton, wool, silk
and nylon fabrics with the extracted dyes. The findings of this study
are as follows.

Dyed cotton, wool, silk and nylon fabrics have different colors
according to the kind of fabric and dyeing conditions, but generally
they are yellow.

Wool, nylon, silk, and cotton in order are of good dyeability;
Wool fabrics have the highest dyeability; cotton fabrics have the lowest,
so we need to treat cotton fabrics with a mordant before and after
dyeing in order to improve dyeability the dyeability of nylon fabrics is
similar to that of wool.

The higher dyeing concentration makes better dyeability;, it is
expected to obtain thick color if we increase dyeing concentration.

Dyeability of wool and nylon 1is being enhanced as dyeing
temperature increases until 80C, but it remains almost the same over
80C. Thus, 80T 1is the appropriate temperature to dye wool and nylon
fabrics. For cotton and silk fabrics, they do not show any big change
in dyeability at dyeing temperatures from 40C to 100°C. Therefore, 40C
1S an appropriate temperature to dye cotton and silk.

Looking at dyeability according to dyeing time, dyeablility is
increasing gradually until 60 minutes, while it is slow-increasing from
70 minutes to 120 minutes. Therefore, 60 minutes of dyeing time is
appropriate to dye wool, silk and nylon fabrics without damaging the
fabrics.

When we increase the number of repeated dyeing, we obtain
increasing dyeability. Thus, we can obtain thicker color with more

repeated dyeing.



Colorfastness to washing, colorfastness to rubbing and colorfastness
to perspiration are all excellent, while colorfastness to light is poor.
Therefore, we should conduct follow-up research to seek ways to

improve colorfastness to light.
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Scheme 1. Flavonoids in peel of Citrus
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Scheme 2. Anthocyanin in peel of Citrus
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Scheme 3. Carotenoid in peel of Citrus
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Table 1. Characteristics of fabrics

Cotton Fabric| Wool Fabric | Silk Fabric [Nylon Fabric
Fiber Content | Cotton 100% | Wool 100% | Silk 100% | Nylon 100%
Weave Plain Plain Plain Plain
Fabric count
(endsxpicks/ 78 x 77 78 x 75 143 x 134 100 x 88
inch)
Thickness
0.219 0.23 0.088 0.091
(mm)
Weight (g /nr) 100.2 109.7 28 57.7
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Figure 1. AE values of fabrics dyed with peel extracts of C. umshiu mandarin
at various dyeing concentrations C, umshiu mandarin peel extracts were used to
dye cotton, wool, silk and nylon fabrics once at 80C and pH 5.74 for 60 min,

The graph represents AE values by varying dye concentrations.
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Figure 2. 4E values of fabrics dyed with peel extracts of C. tachibana

at various dyeing concentrations. C, Tachibana peel extracts were used to

dye cotton, wool, silk and nylon fabrics once at 80C and pH 5.21 for 60

min, The graph represents AE

values by varying dye concentration
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Figure 3. 4E values of fabrics dyed with peel extracts of C. dangyuza
at various dyeing concentrations. C. dangyuza peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 80C and pH 5.74 for 60 min, The

graph represents AE values by varying dye concentrations.
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Figure 4. Color spectrum of fabrics dyed with peel extracts of C umshiu
mandarin at various dyeing concentrations. C. umshiu mandarin peel extracts
were used to dye cotton, wool, silk and nylon fabrics once at 80C and pH 5.74

for 60 min, The graph represents color spectrum values by varying dye

concentrations.
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Figure 5. Color spectrum of fabrics dyed with peel extracts of C. tachibana
at various dyeing concentrations. C. tachibana peel extracts were used to dye

cotton, wool, silk and nylon fabrics once at 80C and pH 5.21 for 60 min, The
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graph represents color spectrum values by varying dye concentrations.
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Figure 6. Color spectrum of fabrics dyed with peel extracts of C. dangyuza
at various dyeing concentrations. C. dangyuza peel extracts were used to dye

cotton, wool, silk and nylon fabrics once at 80C and pH 5.74 for 60 min, The

red

- & cotton
25.5 m wool
silk
20 r nylon
15
L
10 |
]
i
2 2
1 1 G ‘ 1
-10 -5 10
_5 -
6
blue

graph represents color spectrum values by varying dye concentrations.

_14_




2. AH2E=WE] e HE9 944

o
alil

—

NI
i

Fig.7, Fig.8, Fig9—

6.83~20.25 , AAE2 939~1344 , L EAES 991~1664 o2 EFRIL 4bd

415~5.16 , A& 1067~2781 , A4 =& 1333~1535 , 1

E4ELS 1592~26322 e

]
=

O

9.37~2447 , A= 11.06~14.14 , YL E4E2 12.09~23.072. 2 e

KN
s

iz

7h o 50Tl A Hl =2

=
<)

el

ol Al
=0k |

wHgn

L
fE

o] 40C7}A

=1
=

]

2%

]

[e)

il

)

zs!
e Holtk 60T HH

1
R

o))

il

7ol Lp

g el

o Ll R e

7HE =7}

==
€]

FFE T 80TH-H

4

AAEZ 40TolA Al 2Hst

o,

%
N

fex]
51

2Agng

U ex7t woldel weh m, el

ke

M

o)

7A
=
B8R

N
N
o]
a]

—

™

)

ﬂo]

AR A
-

ool Ao

ol
erokeh. 1y

il A

|

_04

o

el

o0
0
=
BR

all

_15_



40

—eé—conton
35 F —®—wool
silk

30 f nylon

25

20

AE

0 L L L L L L L
30 40 50 60 70 80 90 100 110

Dyeing Temperature(C)

Figure 7. 4E values of fabrics dyeing with peel extracts of C. umshiu mandarin
at various dyeing temperatures. C. umshiu mandarin peel extracts were used to
dye cotton, wool, silk and nylon fabrics once at 30 g/liter and pH 5.74 for

60 min, The graph represents AE values byvarying dyeing temperatures.
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Figure 8. AE values of fabrics dyeing with peel extracts of C tachibana
at various dyeing temperatures. C. tachibana peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 30 g/literand pH 5.21 for 60 min,

The graph represents AE values measured at various temperatures
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Figure 9. 4E values of fabrics dyed with peel extracts of C. dangyuza
at various dyeing temperatures. C. dangyuza peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 30 g/liter and pH 5.74 for 60 min,

The graph represents AE values measured at various temperatures
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Figure 10. Color spectrumof fabrics dyed with peel extracts of C. umshiu
mandarin at various dyeing temperatures. C. umshiu mandarin peel extracts
were used to dye cotton, wool, silk and nylon fabrics once at 30 g/liter and pH
574 for 60 min, The graph represents color spectrum values measured at

various temperatures.
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Figure 11. Color Spectrum of fabrics dyed with peel extracts of C. tachibana
at various dyeing temperatures. C. tachibana peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 30 g/literand pH 5.21 for 60 min,

The graph represents color spectrum values measured at various temperatures.
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Figure 12. Color spectrum of fabrics dyed with peel extracts of C. dangyuza
at various dyeing temperatures. C. dangyuza peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 30 g/literand pH 5.74 for 60 min,

The graph represents color spectrum values measured at various temperatures.
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Figure 13. AE values of fabrics dyed with peel extracts of C. umshiu mandarin
at various dyeing time points. C. umshiu mandarin peel extracts were used to
dye cotton, wool, silk and nylon fabrics once at 80C and pH 5.74, The graph

represents AE values measured by varying treatment times.
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Figure 14. AE values of fabrics dyed with peel extracts of C. Tachibana
at various dyeing time points. C. Tachibana peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 80C and pH 5.21, The graph

represents AE values measured by varying treatment times
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Figure 15. AE values of fabrics dyed with peel extracts of C. Dangyuza
at various dyeing time points. C. Dangyuza peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 80C and pH 5.21, The graph

represents AE values measured by varying treatment times
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Figure 16. Color spectrum of fabrics dyed with peel extracts of C umshiu
mandarin at various dyeing time points. C. umshiu mandarin peel extracts were
used to dye cotton, wool, silk and nylon fabrics once at 80C, pH 5.74, and 30
g/liter of dye concentrations. The graph represents color spectrum values

measured by varying treatment times.
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Figure 17. Color spectrum of fabrics dyed with peel extracts of C. Tachibana

at various dyeing time points. C. Tachibana peel extracts were used to dye
cotton, wool, silk and nylon fabrics once at 80C and pH 5.21 and 30 g/liter of
dye concentrations, The graph represents color spectrum values measured by

varying treatment times.
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cotton, wool, silk and nylon fabrics once at 80C and pH 5.74 and 30 g/liter of
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Figure 19. AE values of fabrics dyed with peel extracts of C. umshiu mandarin
according to the dyeingfrequencies. C. umshiu mandarin peel extracts were used
to dye cotton, wool, silk and nylon fabrics once for 60 min at 80C, 30 g/liter of

dye concentration and at pH 5.74, The graph represents AE values measured by
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Figure 20. AE values of fabrics dyed with peel extracts of C. Tachibana

according to the dyeing frequencies. C. Tachibana peel extracts were used to
dye cotton, wool, silk and nylon fabrics once for 60 min at 80C, 30 g/liter of
dye concentration and at pH 5.21, The graph represents AE values measured by

varying dyeing frequencies.

_33_



40

—eo—cotton
35 f —@—wool
silk
30 F nylon

25 F

AE

20

10

0 1 2 3 4
Number of repeated dyeings

Figure 21. AE values of fabrics dyed with peel extracts of C. Dangyuza

according to the dyeing frequencies. C. Dangyuza peel extracts were used to
dye cotton, wool, silk and nylon fabrics once for 60 min at 80C, 30 g/liter of
dye concentration and at pH 5.74, The graph represents AE values measured by

varying dyeing frequencies.
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Figure 22. Color Spectrum of fabrics dyed with peel extracts of C .umshi
mandarin according to the dyeingfrequencies. C. umshiu mandarin peel extracts
were used to dye cotton, wool, silk and nylon fabrics once for 60 min at 80T,
30 g/liter of dye concentration and at pH 5.74, The graph represents color

spectrum values measured by varying dyeing frequencies.

_36_



yellow

36 |
.. & cotton
25 t = wool
silk
20 nylon
15
10
]
° (&
green : : g — : red
-15 -10 -5 5 10 15
_5 -
16
blue

Figure 23. Color Spectrum of fabrics dyed with peel extracts of C Tachibana
according to the dyeingfrequencies. C. Tachibana peel extracts were used to dye
cotton, wool, silk and nylon fabrics once for 60 min at 80T, 30 g/liter of dye
concentration and at pH 5.21, The graph represents color spectrum values

measured by varying dyeing frequencies.
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Figuer 24. Color Spectrum of fabrics dyed with peel extracts of C. Dangyuza
according to the dyeing frequencies. C. Dangyuza peel extracts were used
to dye cotton, wool, silk and nylon fabrics once for 60 min at 80C, 30 g/liter
of dye concentration and at pH 5.21, The graph represents color spectrum

values measured by varying dyeing frequencies.
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Table 2. Colorfastness to washing of fabric

Wool

Mandarin | Tachibana | Dangyuza

4-5

4-5

4-5

4-5

Nylon

4-5

4-5

4-5

0

Lo

Cotton
Mandarin | Tachibana | Dangyuza

4-5

Dangyuza | Mandarin | Tachibana | Dangyuza

4-5

Silk

4-5

4

Mandarin | Tachibana

4-5

Color
Change

Stain

Color

Change

Stain
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Table 3. Colorfastness to light of fabric

Cotton Wool
Mandarin | Tachibana | Dangyuza | Mandarin | Tachibana | Dangyuza
Color
2 2 2 2 2 2
Change
Silk Nylon
Mandarin | Tachibana | Dangyuza | Mandarin | Tachibana | Dangyuza
Color
2 2 pis 2 2 2
Change
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Table 4. Colorfastness to rubbing of fabric

Cotton Wool
Mandarin Tachibana Dangyuza Mandarin Tachibana Dangyuza
Color
Dry Change 5 5 5 5 5 5
Stain 5 5 5 5 5 5
Color
Wet Change 5 5 5 5 5 5
Stain 5 5 5 5 5 5
Silk Nylon
Mandarin Tachibana Dangyuza Mandarin Tachibana Dangyuza
Color
Dry Change J 2 3 v 0 0
Stain 5 5 5 5 5 5
Color
Wet Change 5 5 5 5 5 5
Stain 5 5 5 5 5 5
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