Journal of the Korean Society
of Clothing and Textiles
Vol. 30, No. 12 (2006) p.1730~1736

[ Transaction]

A Study of the Fashion Accessory Product Development
by Use of Korean Traditional Hanji (Part III)
-Dyeing of Hanji with Direct Dye-

Eun-Ah Kim' - Hyo-Seon Ryu* * Yong-Sook Kim**
Research Institute of Human Ecology, Seoul National University
*Dept. of Clothing & Textiles, Seoul National University
**Major in Clothing & Textiles, College of Human Ecology, Chonbuk National University

MssE 285 A AMME] AZIHE (H3E)
XM= 0183 SIX|O] M-

Zeot - gEM* - A8
Aguga A A, A& gty o F8h3)
A B 8t NG sh o F oAy
(2006. 10. 16. =)

Abstract

To utilize hanji for fashion accessory efficiently, dyeability of Hanji should be improved. Though Hanji
mostly consists of cellulose such as cotton and ramie, also has various impurities, and has the different internal
and surface structure from textile materials. Because of them, Hanji might show different dyeing behavior. As
physical properties of Hanji are reduced in wet condition, dyeing process would damage the physical
properties of Hanji Therefore, in this study, dyeing properties of Hanji using direct dye were examined in
comparison with cotton and ramie. Effect of dyeing on tensile strength, and bleeding of direct dye by water
from Hanji, colorfastness to light were also estimated. While Hanji showed the maximun dye exhaustion at
25°C, cotton and ramie showed those at 60°C. Tensile strength of Hanji reduced after Hanji was dyed. When
Hanji was dyed at 25°C, the more bleeding occurred than at higher dyeing temperature. Hanji which had
higher K/S values were bled more than those had lower K/S value. Colorfastness to light of Hanji dyed with
direct dye was not inferior to those of cotton and ramie.
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traditional paper), the colorants are added to the
dispersion of dissociated pulps before sheet making
process. But to utilize the traditional Hanji for
fashion accessory, the color of Hanji should be

1. Introduction

In general, to produce the colored Hanji(Korean
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diverse, and the demand can not be satisfied with the
commercial colored Hanyji.

Previous studies about the dyeing of Hanji focused
on dyeing with natural dyestuffs. But, natural dyestuffs
have the limited color range, and dyeing methods for
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natural dyestuffs are more complicated. Kim studied
about dyeing of Hanji by using the loess(2000) and
Gardenia(2001). Jeon also investigated to apply on
Hanji with yellow type natural dyestuffs(2000) and
onion peeling(2003). And the available color ranges
are only yellow, orange and brown types.

Natural dyestuffs are applied beautifully on silk
fiber, but do not show the good effect on cellulose
fiber. Because Hanji is mostly composed with
cellulose such as cotton, it might be difficult that
various and beautiful colors on Hanji are obtained by
natural dyestuffs. Therefore, it seems that there are
needs to attempt to dye Hanji with synthetic dyes.

Dyeing of Hanji with synthetic dyes was investi-
gated scarcely. Though major component of Hanji is
cellulose, Hanji contains many impurities such as
pectin, lignin, and hemicellulose(Jeon, 2003), and
has different internal and surface structures from
cellulose fiber for textiles. Hanji would show different
dyeing behaviors with direct dye.

Physical properties of Hanji reduced drastically in
wet condition and can be damaged after drying, It
seems that it is necessary to observe the changes of
physical properties before and after dyeing.

In part I[(Kim et al., 2006), water repellent finish
was applied on Hanji in order to improve the
physical properties of Hanji in wet condition. And in
part II(Shim & Kim, 2006), we reviewed the previous
researches about Hanji and tried to form the basis for
development of fashion products using Hanji.

In this study, we investigated the dyeing properties
of Hanji with direct dye in comparison with cotton
and ramie as a cellulose fiber. Effect of dyeing on the
tensile strength, and bleeding of direct dye by water

from Hanji, colorfastness to light were also analyzed. -

I1. Experimental

1. Materials

As the substrates, commercial Hanji produced
from Chonju, commercial ramie fabric, and standard
adjacent cotton fabric for color fastness were used

without pretreatment. The characteristics of substrates

were summarized in <Table 1>, C.I.Direct Red 81

Table 1. Characteristics of the substrates

weight thickness Fabric count
(g/m?) (mm) (warp x filling/cm)
Hanji 53.7+3 0.15 -
Ramie 109+5 0.24 26/22
cotton 115+5 0.23 35/32

S03Na
NH o}
NQN OH
NaO38

Fig. 1. Chemical constitution structure of C.l.Direct
81.

(Direct Fast Red 5B 150%, from Taiheung Corp.) in
the form of commercial was used without other
purification, and the structure showed in <Fig. 1>.
Sodium Chloride(guaranteed grade reagent) was also
used.

2. Methods

1) Dyeing

Dyeing was carried out in the dyebath containing
dye and salt. Substrates were immersed in dyebath
and agitated keeping temperature constantly. After
dyeing, the excess amount of dye solution was
removed through a laboratory wringer and dried
without rinsing, because tensile strength of dyed
Hanji is reduced by rinsing process largely. Dye
concentration, salt concentration, dyeing temperature,
and dyeing time were varied. Dyeability was deter-
mined by exhaustion from dyebath or K/S value of
Hanji.

2) Tensile Strength

Before the tests, the samples were stored at
standard condition(20+2°C, 65+2%) more than 24
hours according to KS K 090]. Tensile strength
before and after dyeing was measured in machine
and cross direction by constant rate of the elongation
method by instron(model WL2100, Withlab.Co.Ltd)
according to KS M 7015.
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3) Bleeding

Dyed Hanji was immersed in distilled water with a
liquor ratio of 500:1 and agitated at room temperature.
After drying, K/S values were evaluated. Degree of
bleeding was calculated by the followed equation,
from the K/S value before and after bleeding.

K/S)p~(K/S)g

Bleeding(%) = K7S)p-(K/S),

(K/S)p : K/S of dyed Hanji
(K/S)s : K/S of dyed Hanyji after bleeding
(K/S)o : K/S of undyed Hanji

4) Colorfastness to light

Color fastness to light of cotton ramie, and Hanji
dyed with C.IDirect Red 81 in various conditions
were measured according to KS K 0218 and com-
pared one another.

II1. Results and Discussion
1. Dyeing Properties

<Fig. 2> showed Exhaustion of C.I.Direct Red 81
into Hanji, cotton and ramie dyed at various tem-
peratures. Cotton and Ramie had the optimum
dyeing temperature, but in case of Hanji, Exhaustion
decreased with increasing dyeing temperature.

Dyeability of Direct dye depends on the dyeing
temperature.and from <Fig. 2>, the optimum dyeing
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Fig. 2. Effect of dyeing temperature on Hanji, cotton
and ramie.
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temperature is 60°C. In case of Hanji, the highest
exhaustion showed at 25°C and after that, exhaustion
decreased with the increasing dyeing temperature. It
seems that because Hanji pulp has more amorphous
region and surface structure of Hanji is looser than
cotton and ramie fiber, exhaustion at 25°C was larger
than those of cotton and ramie. Cotton and ramie
fiber have the compact internal structure and less
amorphous regions. To penetrate into cotton and
ramie, dye molecules needs larger energy than into
Hanji. Therefore, dyeing of cotton and ramie are
more difficult at 25°C. It was assumed that 60°C was
suitable for cotton and ramie, because affinity
between dye and cellulose fiber decreased at high
temperature(Kim, 1992).

<Fig. 3> showed dyebath exhaustion for C.I.Direct
Red 81 on Hanji according to dyeing time at various
Temperature. Equilibrium exhaustions were 95.5% at
25°C, 91.7% at 60°C, and 74.8% at 95°C, respectively,
and the lower the value was, the higher the dyeing
temperature was, When dyeing temperature increased,
while the affinity between fiber and dye decreased,
kinetic energy of dye molecules increased(Kim,
1992). It made the rate of dyeing faster. <Table 2>
showed the effect of dyeing temperature on rate of
dyeing. Time of half dyeing of Hanji decreased when
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Fig. 3. Dyebath exhaustion profile for C.l.Direct Red
81 on Hanji at various temperature.

Table 2. Times of half-dyeing of Hanji at various
dyeing temperature

25°C 60°C 95°C
ti2(min) 15 10 7
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Fig. 4. Effect of dye concentration on K/S value of
Hanji dyed with C.l.Direct Red 81.
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Fig. 5. Effect of NaCl concentration on K/S value of
Hanji dyed with C.L.Direct Red 81.

dyeing temperature increased.

Effect of dye concentration on K/S value of Hanji
dyed with C.1.Direct Red 81 was shown in <Fig. 4>.

K/S value of Hanji increased with the increasing
dye concentration. It is because adsorption of direct
dye on cellulose is due to the existence of hydrogen
bond and van der waals forces between dye and
substrates(Kim, 1992).

Addition of salt to dyebath cause K/S value of
Hanji higher. Cellulose fibers and direct dye are
charged to negative in water, repulsive forces between
fibers and dye hinder the adsorption of dye. In the
presence of electrolyte in dyebath, attracted positive
ions around cellulose fiber reduced the repulsion
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Fig. 6. Effect of dyeing time on tensile strength reten-
tion of Hanji after dyeing.
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Fig. 7. Effect of dyeing temperature on tensile
strength retention of Hanji after dyeing.

forces between dye and substrates(Vickerstaff, 1954).

<Fig. 5> showed the effect of salt concentration on
K/S value of Hanji dyed with C.I.Direct Red 81. K/S
value of dyed Hanji increased and levelled off with
the increasing salt concentration. It seemed because
the positive ion was saturated around negative
charged substrates.

2. Tensile strength

Tensile strengths of Hanji were measured before
and after dyeing with various dyeing temperature and
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time because wetting paper by water made tensile
strength decrease drastically. '

Effect of dyeing time and dyeing temperature on
tensile strength retention of Hanji after dyeing
appeared in <Fig. 6 and 7>. Hanji was dyed at 3%
owf dye concentration without salt, at 95°C for <Fig.
6>, and during 2 hours for <Fig. 7>.

Tensile strength of Hanji decreased with the
increasing dyeing time. But, though tensile strength
of Hanji decreased after dyeing, dye temperature did
affect little.

Adhesion forces between Hanji pulps are destroyed
and Hanyji pulps are dissociated in the water. Agitation
during dyeing process encourages the effects and
made the arrangement of pulps scattered. It was
considered that because the orientation of Hanji pulps
remained scattered after dyeing and drying, tensile
strength decreased.

Water absorbed by pulps penetrate into the internal
structure of Hanji and cause the swelling. Because
the configuration of pulps is distorted through the
drying process, physical properties are damaged. The
longer the pulps are immersed in water, the more the
swelling occurs and the larger the damage of physical
properties is. But moisture absorption is not endothermic
reaction and to increase temperature does not accelerate
the reaction. Therefore, the effect of dyeing temperature
was slight.

3. Bleeding

<Fig. 8> showed the effect of Temperature on

Bleeding of Hanji dyed with C.1.Direct Red 81.

Bleeding of dyed Hanji at 25°C was largest and
dropped at 60°C, changed scarcely after that. At lower
temperature, because the formation of dye aggregates
are too large to penetrate into Hanji deeply(Vicker-
staff, 1954), more amount of dye molecules exist on
surface of Hanji than at higher temperature than 60°C.
It was assumed that dyes existed on surface were bled
rather than the one inside of Hanji.

In case of Hanji dyed with salt, more bleeding
occurred, because amount of dye molecules existed
on Hanji was larger than without salt.

The effect of dyeing time on bleeding was shown
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Fig. 8. Effect of dyeing temperature on bleeding of
Hanji dyed with C.l.Direct Red 81.
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Fig. 9. Effect of dyeing time on bleeding of Hanji
dyed with C.l.Direct Red 81.

in <Fig. 9>.

Dyeing time did not affect on bleeding from Hanji.
It seemed that 30mins are long enough for dye
molecules to penetrate into Hanji deeply.

After Hanji were dyed with various dye and salt
concentration at 95°C for 2 hours, bleedings were
measured. The results was shown in <Fig. 10 and 11>,

Bleeding showed the tendency to increase with the
increasing dye concentration. It was assumed because
when dye concentration increased, amount of dye
existed on and inside Hanji increased, and bleeding
also increased. But there is not a large difference
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Fig. 10. Effect of dye concentration on bleeding of
Hanji dyed with C.l.Direct Red 81.
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Fig. 11. Effect of NaCl concentration on bleeding from
Hanji dyed with C.1.Direct Red 81.

between degrees of increase according dye concen-
tration.

When salt was added in dyebath, bleeding from
Hanji increased. The reason seemed that the addition
of salt in dyebath, caused dye adsorption into Hanji
larger and amount of dye exist in Hanji larger, too.
When salt concentration contained in dyebath increased,
bleeding was levelled off.

4. Colorfastness to light

After Hanji were dyed with direct dye in various
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Table 3. Colorfastness to light

Substrates grade

cottonB 34 Dyeing Condition

RamieB 4 A : 25°C, 60min, with salt
Hanji A 3-4 B : 60°C, 60min, with salt
Hanji B 4 C : 80°C, 60min, with salt
Hanji C 4 D : 95°C, 60min, with salt
Hanji D 4 E : 25°C, 60min, without salt
Hanji E 3

condition, colorfastness to light of Hanji were
compared with cotton and ramie in <Table 3>.

Colorfastness to light of dyed Hanji was not
inferior to those of cotton and ramie dyed in the same
condition. Colorfastness to light of direct dye depend
on the type of dyes and substrates, but a little
difference showed when the dyeing conditions were
changed. As previously stated, it was assumed that
though dye adsorption was high at 25°C, a part of
dye molecules did not absorbed inside Hanji deeply
and remained on surface of Hanji than at 60, 95°C. It
seemed those molecules were detached easily by the
external factors.

IV, Conclusions

From the above results, we can have the conclusions
as followed,

1. In case of Hanji, Exhaustion of dyebath decreased
with the increasing dyeing temperature while cotton
and ramie had the highest exhaustion at 60°C.

2. The higher the dyeing temperature was, the
faster the Hanji had the rate of dyeing and the lower
equilibrium exhaustion.

3. Salt in dyebath accelerated dye adsorption into
Hanji. Dye adsorption increased and levelled off with
the increasing salt concentration.

4, Tensile strength of Hanji decreased after dyeing.

5. Dyed Hanji at 25°C showed highest bleeding.
Bleeding increased with the dye concentration, but
degree of increasing was not large in comparison
with K/8 value according to dye concentration.

6. Colorfastness to light of dyed Hanji was not
inferior to those of cotton and ramie.
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