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ABSTRACT

This study aims to review the relations between the dyeing conditions (i.e., dye concentration, addition amounts of
salt and alkali, and dyeing temperature) and dyeing properties and color fastness to light for identifying the optimal
dyeing conditions when dyed regenerated woody fibers were obtained through the defibration of waste medium density
fiberboard (MDF) using reactive Red H-E3B (Bis-monochlorotriazine (MCT)/MCT type) and reactive Red RB133%
(Bis-MCT/Vinyl sulphone type). The dyeing yield (K/S) obtained using two types of reactive dyes increased as the
dye concentration increased by 1-10% (on the weight of fiber (OWF)). In addition, the K/S of H-E3B was higher than
that of RB133% irrespective of the dye concentration. The color difference of H-E3B after ultraviolet (UV) radiation
was lower than that of RB133%, denoting good resistance to discoloration by UV. As the amount of sodium sulfate
increased, the color difference and K/S also increased, and the adequate salt content was determined to be 50-70 g/L.
Further, the color difference and K/S significantly increased only the addition of 2 g/L of sodium carbonate; however,
almost no difference was observed when more than 2 g/L of sodium carbonate was added. The addition amount of
sodium carbonate was adequate 5-10 g/L to dyeing the fiber and the pH at this addition level was 10. The dyeing
yield of H-E3B increased when the dyeing temperature increased; however, it subsequently decreased after the dyeing
temperature became 80°C. The dyeing yield of RB133% was almost the same up to 60-70°C but declined subsequently.
Thus, the adequate temperatures were 80°C and 60°C for H-E3B and RB133%, respectively. If the waste MDF woody
fiber was dyed under the aforementioned optimal conditions, dyed regenerated woody fiber can be obtained having the
following colors: 1.5 to 2.0R with the H-E3B dye and 9.6 to 10.0 PR with RB133%.
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1. INTRODUCTION

Medium density fiberboard (MDF) is the most com-
monly used wooden panel material and has exhibited
an average demand of 2,150,000 m'/year from 2006
to 2016 in Republic of Korea (FAO). Furthermore,

approximately 2 million m' of waste MDF is estimated
to be produced every year when the average lifespan
of the MDF products (used for furniture and building
materials) is presumed to be a decade. However, despite
increasing interests and investments in waste recycling,

MDF is barely recycled as a non-thermal recycled mat-
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ter even though it is the most demanded wooden panel
in Republic of Korea. A previous study reviewed the
manufacturability of the dyed regenerated woody fiber
(Re-WF) to use waste MDF (which can be easily ob-
served in the surroundings) as a raw material for manu-
facturing interior goods (Ju and Roh, 2017). Upon com-
paring and reviewing the dyeing properties and color
fastness to light of virgin fiber and regenerated fiber
with six types of reactive dyes (bis-monochlorotriazine
type and vinyl sulphone type; red, yellow, and blue),
three types of vat dyes (anthraquinone type), three types
of direct dyes (diazo type) commonly used in dyeing
cellulose fibers, and the natural dyes obtained from
cape jasmine and sappan wood, the manufacturability
of the dyed fiber was confirmed; however, the color
fastness to light was poor.

Several studies, including a study on the ACQ-pre-
served wood color (Lee and Choi, 2018), a study on
the color change of heat-treated wood (Hidayat et al.,
2017 and Yoon et al., 2009), a study on the color
change in wood through natural dyeing methods (Moon
et al., 2007), and a study on the usage of the dyeing
components of Neolitsea sericea Koidz bark as a natu-
ral dye for hanji (Lee et al., 2006), have investigated
wood and wooden materials; however, no studies have
been conducted on dyeing the woody fiber with re-
active dyes. Furthermore, there are several studies that
have investigated the dyeing properties of cationic
agent treated cotton fiber with reactive dye (Jung et
al., 1994), effects based on the types and addition
amount of Canadian horseweed on the dyeing proper-
ties and color fastness while dyeing cellulose fiber
using the three-primary-color reactive dye (Kim et al.,
2010), the dyeing properties of the novel regenerated
cellulosic fiber (Koh et al., 2004; 2005), and the
superiority of ultrasonic energy dyeing when compared
to conventional dyeing in cellulosic fibers (Bhatri et
al., 2012; Khatri et al., 2016) and bamboo fiber textile

(Larik et al., 2015), using reactive dyes; however, no

studies have been conducted on regenerated woody
fiber. While dyeing with reactive dyes, a covalent bond
is formed by the addition or substitution reaction be-
tween the reactive group of dye (mainly vinyl sulphone
or chlorotriazine groups) and hydroxyl group of cellu-
lose, resulting in color formation with different colors
and color fastness values in accordance with the dyeing
conditions. Herein, the optimal dyeing conditions, i.e,
OWF, temperature, pH, and amount of auxiliaries,
were identified when dyeing regenerated wood fibers
using red-based reactive dyes (bis-monochlorotriazine:
bis- MCT/MCT and bis-monochlorotriazine/vinyl sul-
phone: bis-MCT/VS type).

2. MATERIALS and METHODS

2.1. Materials

2.1.1. MDF

MDF (12-mm thickness and 0.62 specific gravity),
which was manufactured using domestic pitch pine
(Pinus rigida M.) and urea resin, was obtained from

an industrial source to acquire Re-WF.

2.1.2. Dyes and reagents

Red H-E3B of bis-MCT/MCT type and Red RB133%
of bissMCT/VS type were used as reactive dyes. Table
1 presents the types and major characteristics of the
used dyes. The extra pure reagents were used as sodium
sulfate and sodium carbonate. The SNOPOL SR-140
(Snogen Co.) anionoid was used as the soaping agent,
and the SUPERFIX RF (Snogen Co.) cationoid was

used as the fixation agent.

2.2. Methods

2.2.1. Preparation of the regenerated fiber
To obtain the regenerated fiber, 250 ml of distilled
water was added to the MDF that had been cut into

50 x 50 x 12 mm, which was further immersed at
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Table 1. Kinds and molecular weight of used dyes

Dve tvne Commercial C.I. Generic Molecular Molecular
ye yp name name formula weight
NaO,S. SONa
T
NN N OH ‘N‘
SO
SONa A NYN
'SO,Na
Bis-MCT/MCT: Reactive ‘ NS “
. L. Red H-E3B \ 1469.98
(Bis-Monochlorotriazine) ¢ Red 120 WO\
@
NaO,S oH
N\\N
NaO,8, i
X
S0,C,H,0S0,Na " /T\/ J‘\ @\
Bis-MCT/VS Red RB Reactive o NN N soMa 9g4 2]
(Bis-Monochlorotriazine/Vinyl sulfone) 133% Red 198 N ) ’
N/
/ O O
NaO,§ 'SO,Na
25°C for 48 hours and defibrated in a home-use mixer @ Sodium sulfate c(g/L)
for 5 min. Then, it was dried and manufactured after 8
. @ Fiber a(g) h
being screened through a 300-um screen. @ Dye b{%, OWE) © Sodium carbonate d(e/L)
@ Sodium sulfate c(g/L)
l Washi
. [ I [ | Washing
2.2.2. Dyeing Period (min.) 10 10 10 60 20
. . . . (A) : Dyeing
Fig. 1 depicts the entire dyeing process. the regenerated soc
fiber was inserted into a tall beaker, and each dyeing 60°C

condition was reviewed with respect to the following
basic conditions: 5% dye (OWF), liquid ratio 1:50, 50
g/L of Na,SOs, and 20 g/ of Na,CO; for 80 min. at
80°C. Dyeing was performed under these conditions by
varying the addition amounts of the dye (0, 1, 3, 5, 7,
and 10%, OWF), the addition amounts of Na,SO4 (0,
10, 30, 50, and 70 g/L), the addition amounts of Na,COs
0, 2, 5, 10, and 30 g/L), and the dyeing temperature
(60, 70, 80, and 90°C). Then, soaping treatment was
performed for 10 min. in a liquid ratio of 1:50 with an
addition 1 g/L of the soaping agent at 90°C.

After soaping treatment, fixation treatment was
performed for 20 min. in a liquid ratio of 1:50 with
2% OWF addition amount of the fixing agent at 60°C

and then rinsed with water.

@ Fixing agent

2(%, OWF)

® Soaping agent 1g/L

Period (min.) 20 10 15 Period (min.) 8 20

Rinsing

(B) : Scaping (C) : Fixing

Fig. 1. Dyeing profiles of Re-WF.

Notes: Standard conditions : a=2g, b=5%, c=25+25 g/L,
d=20 g/L liquor ratio 1:50

2.2.3. Preparation of dyed fiber sheet

The sheet required for measuring the dyeing affinity,
coloring, and color fastness to light was manufactured
by adding the same amount of dyeing liquid and distilled
water to the regenerated fiber dyed in different
conditions using two types of reactive dyes that are
processed in a mini-mixer for 2 min., filtered through
the Whatman filtering paper, and compressed for 5 min.
at 50°C.
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2.2.4. Color property measurement

The surface color of the regenerated dyed fiber was
measured using Minolta CM-3800d (Japan). The color
difference was obtained by dyeing based on the
non-dyed Re-WF sheet. Further, the color difference
after UV irradiation was calculated based on the
differences of L*, a* and b* before and after the
irradiation. The K/S value was calculated using the
following Kubelka—Munk equation after the surface

reflectance of each dyed sample was measured.

K/S = (1—R)2R

K: Absorption coefficient
S: Scattering coefficient
R: Reflectance coefficient

2.2.5. Assessment of the color fastness to light

The color fastness to light of the sheet manufactured
using the fiber dyed with each dyes was assessed using
the color differences in the CIE Lab color space before
and after UV irradiation was performed for certain times
using the accelerated weathering tester (QUV/SP, USA),
UVB-313 lamp, and illumination of 0.67 W/m’ at a

temperature of 50°C.

3. RESULTS and DISCUSSION

The dyeing process of cellulose fiber with reactive
dye comprises the following phases: Phase A, where
the reactive dye is adsorbed onto the cellulose surface
and is permeated into the fiber, Phase B, where a
covalent bond, such as an ether bond, is formed between
the reactive group of the dye (mainly vinyl sulphone
or chlorotriazine) and the hydroxyl group of cellulose,
and Phase C or the stage of washing and fixation, which
eliminates the alkali that has been added to induce the
covalent bond for preventing hydrolysis or fiber damage
and eliminates the non-reactive dye (CIBA-GEIGY,
1990). Furthermore, the dyeing properties vary according

to the conditions that have been applied in each phase.

The dye concentration that directly affects the spread
of the dye, the addition amount of sodium sulfate as
an inert salt for relieving the electrostatic resistance
between the anions of cellulose and dye (Donnan
potential), the amount of sodium carbonate added to
stimulate the additional reaction or nucleophilic
substitution (SN2) as the alkaline catalyst. Therefore,
the relations between these dyeing conditions and the

dyeing affinity were examined.

3.1. Effect of dyeing concentration on
dyeing properties and color fastness

For the dyeing properties of cellulose fiber with a
reactive dye, substantivity is very important as the dye
distribution between the fiber and reactive dye in Phase
A. Because only a limited amount of dye is absorbed
onto the surface of the cellulose fiber, adding the dye
above the saturating concentration for the surface may
reduce the substantivity.

Table 2 presents the colors and color differences
according to the dye concentration observed while
dyeing the Re-WF with the reactive dyes of H-E3B
(Bis-MCT/MCT type) and RBI133% (Bis-MCT/VS
type). First, the color of the Re-WF (Control) and equally
treated Re-WF (Control-Tre) without the addition of
the dye was yellow, with a tint of yellow-red (YR)
at 0.2Y and 0.4Y, respectively. On the contrary, the
Re-WF (Control-Tre) that was equally dyed without
the addition of the dye exhibited a decrease in value,
a slight increase in chroma, and the color difference
was 3.8. This may be because of heating or the addition
of additives. According to the National Bureau Standard
(NBS) in the United States, this difference is evaluated
as “appreciable” (color difference of 3.6-6.0).

With H-E3B, the colors observed using a dye con-
centration of 1%-10% were 0.2R to 2.6R. In a low
concentration, the color was closer to red, whereas the
color was close to RP when the concentration increased.

However, the color difference of the dyed fiber with
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Table 2. Color changes of the dyed Re-WF by addition level of reactive dyes

Addition level

CIE Lab color space

Munsell color system

Type of dye of dye
(%, OWF) L* a* b* AE* H A% C
0 71.4 5.8 24.5 3.8 0.4Y 7.1 3.8
1 50.6 42.1 7.8 45.9 0.2R 49 10.3
Red H-E3B 3 43.8 47.9 9.2 53.8 0.9R 43 11.5
5 41.5 49.4 10.8 56.0 1.5R 4.1 11.9
7 39.9 49.0 12.1 56.3 2.0R 3.9 11.7
10 38.1 47.8 13.3 56.3 2.6R 3.8 11.3
0 71.4 5.8 24.5 3.8 0.4Y 7.1 3.8
1 52.8 343 7.8 38.6 0.6R 52 8.5
Red RB 133% 3 44.9 41.1 5.4 49.1 9.6RP 44 10.0
5 41.3 43.1 5.8 52.5 9.9RP 4.1 10.4
7 40.3 44.1 5.9 53.9 10.0RP 3.9 10.6
10 37.5 44.6 7.1 55.7 0.7R 3.7 10.5
Control 74.1 5.3 21.9 0.2Y 7.3 34

respect to the non-dyed Re-WF was 45.9-56.3, which
rapidly increased at a low concentration but almost no
difference could be observed at a concentration of more
than 5%. The colors of RB133% of the Bis-MCT/VS
type were 0.6R-0.7R and 9.6-10.0RP at dye concentrations
of 1% and 10%, respectively, which were reddish and
were almost close to red. Further, almost no difference
in color could be observed in accordance with the dye
concentration. However, the color difference was 38.6—
55.7, exhibiting an increasing trend as the dye con-
centration increased.

Fig. 2 shows the dyeing yields observed in accordance
with the dyeing concentration of the reactive dye. The
dyeing yields of H-E3B (maximum wavelength of 540
nm) and RB133% (maximum wavelength of 530 nm)
increased when the dye concentration increased from
1% to 10%. The K/S of H-E3B (Bis-MCT/MCT type)
was higher than that of RB133% (Bis-MCT/VS type)
at all the dye concentrations. Therefore, the adequate
addition amount of dye should be adjusted for achieving
the target color. The color will becomes closer to red

if the concentration increases up to 10%.

i
&

- Red H-E3B(540 nm)
Red RB133% (530nm)

= =
S} ~

00

K/S (Amax (nm))

0 2 a4 6 8 10 12
Addition level of dye (%, OWF)

Fig. 2. Color yield of the dyed Re-WF by addition
level of reactive dyes.

Fig. 3 denotes the color fastness of the regenerated
fiber dyed with varying dye concentrations when
compared with the color differences before and after
UV irradiation for a certain time with an illumination
of 0.67 W/m’ at a temperature of 50°C. This figure
denotes that there was a large color difference in
non-dyed woody fiber for MDF under UV irradiation.
Although it was not possible to distinguish whether the
discoloration of the dyed Re-WF under UV irradiation
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Fig. 3. Changes in color difference of dyed Re-WF
by UV radiation time and addition level of reactive
dyes.

was caused by the fiber itself or the dye, the color
difference of the dyed fiber was larger than that of the
non-dyed fiber. The K/S of H-E3B was higher than
that of RB133%; a lower color difference was observed
using UV irradiation than that obtained using RB133%,
denoting better resistance to discoloration by UV
irradiation. Furthermore, the color difference of the
H-E3B decreased as the dye concentration increased,
while the color difference of RB133% (including vinyl

sulphone) comparatively increased.

3.2. Effect of salt concentration on dyeing
properties

When cellulose is negatively charged in pure water
and the dye is negatively charged as well, the approach
and absorption of the dye to the fiber surface is interrupted
because of the electrostatic resistance between the dye
and fiber, resulting in weakening substantivity. If salt
is added to the dyeing bath for improving the
substantivity, the dye’s approach to fiber becomes easier
due to the salting out effect. While dyeing the Re-WF
with the reactive dyes of the BissMCT/MCT type H-E3B
and the Bis-MCT/VS type RB133%, the colors and

color difference obtained in accordance with the

12
-8—Red H-E3B(540 nm)

—=Red RB133% (530nm)

10

K/S (Amax{nm))

0 20 40 60 80

Addition level of sodium sulfate (g/L)

Fig. 4. Color yield of the dyed Re-WF with reactive
dyes by addition level of sodium sulfate.

addition amounts of Na,SO4 (0, 10, 30, 50, and 70
g/L) were compared. The H-E3B and RB133% dyes
successfully formed colors with color differences of
48.1 and 41.5, respectively, when salt was not added.
However, the color difference increased as the addition
amount of salt increased, and H-E3B exhibited a larger
color difference than that exhibited by RB133% at all
levels of salt additions.

The dyeing yield according to the salt concentration
of the reactive dye is shown in Fig. 4. The dyeing
yield of H-E3B with a maximum wavelength of 540
nm and that of RB133% with a maximum wavelength
of 530 nm considerably increased as the salt concen-
tration increased from 0 to 70 g/L. The K/S of H-E3B
was higher than that of RB133% at all levels of salt
concentrations.

The color fastness to light of the regenerated fiber
dyed using varying addition amounts of salt was observed
based on the color difference before and after the UV
irradiation for a certain time. H-E3B was better than the
RB133% at all levels of salt concentrations. The color
difference of H-E3B decreased as the addition amount
of salt increased, whereas that of RB133% slightly
increased up to 30 g/L but subsequently declined,
indicating that 50-70 g/L was the effective addition

amount of salt.

- 168 -



The Dyeing Properties of Woody Fiber Regenerated from Waste MDF by Reactive Dyes

3.3. Effect of sodium carbonate on dyeing
properties and color fastness

To dyeing cellulose fiber using a reactive dye, the
dye is fixed to fiber through Phase A, where the reactive
dye is adsorbed onto the surface of cellulose and then
permeated into the fiber, and Phase B, where a covalent
bond, such as an ether bond, is formed between the
reactive group of the dye (mainly vinyl sulphone or
chlorotriazine) and the hydroxyl group of cellulose.
This reaction depends on the functional group of the
dye, the MCT system depends on nucleophilic
substitution (SN2), and the VS system depends on the
nucleophilic addition reaction. To stimulate such a
reaction, sodium carbonate is added to convert the pH
of dyeing bath to alkaline for promoting the ionization
of cellulose<(OH)n to cellulose(O")n. Table 3 lists
the pH of the dying bath at each dyeing process,
according to the amount of sodium carbonate addition.
However, the pH did not vary according to the dye
type. The pH of the dyeing bath was maintained at
4.3-4.5 before sodium carbonate was added but was
converted into alkali when sodium carbonate was
added. The pH increased to 9.5-10.8 as the addition
amount increased.

While dyeing-Re-WF using the reactive dyes of the
H-E3B and RB133%, the color differences were
compared according to the addition amounts of alkali
(0, 2, 5, 10 and 20 g/L). Therefore, the color differences

Table 3. pH of each dyeing process

pH
Ty(l;e of N2:SO;  NayCOs
ye Water Soaping Fixin
Ist 2nd Amount H ping g
(g/L)
0 4.5
Red 2 9.5
H-E3B, I
Red RB 44 43 44 5 102 9.8 8.1
133% 10 10.5
20 10.8

of H-E3B and RB133% were 46.0 and 18.75,
respectively, when sodium carbonate was not included.
Particularly, RB133% dye of vinyl sulphone type did
not properly form color until sodium carbonate was
not added. However, the color difference considerably
increased in 2 g/ where the pH was converted to alkali
with sodium carbonate was added in both dyes. There
was almost no difference in color by the further addition
of sodium carbonate.

The dyeing yields of H-E3B and RB133% con-
siderably increased while adding 2 g/L of sodium car-
bonate, exhibiting almost the same tendency as that
exhibited by color difference; further, almost no
difference can be observed by the further addition of
sodium carbonate (Fig. 5).

The color fastness to light of the regenerated dyed
fiber with varying addition amounts of alkali was
compared before and after UV irradiation for a certain
time. The color difference of the H-E3B decreased as
the addition amount of alkali increased, but RB133%
was almost not shown difference in the color difference
until alkali was added 5 g/L or more into Bis-sMCT/VS
type. Therefore, the result indicates that the adequate
addition amount of sodium carbonate is 5-10 g/L at
pH 10.

12

-#-Red H-E3B(K/S) Red RB133% (K/5)

b

K/S (Amax (nm))
(=] oo 8

~

0 5 10 15 20 25

Addition level of sodium carbonate (g/L)

Fig. 5. Color yield of the dyed Re-WF with reactive
dyes by addition level of sodium carbonate.
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Fig. 6. Color yield of the dyed Re-WF with reactive
dyes according to dyeing temperature.

3.4. Effect of dyeing temperature on
dyeing properties and color fastness

As the dyeing temperature increases, the kinetic
energy of the dye molecules increases, which further
increases the dyeing speed reduces the time to reach
the dyeing equilibrium, and affects the dyeing yield.

The colors and color differences were examined
according to dyeing temperature in dyeing-Re-WF with
the reactive dyes, such as H-E3B and RB 133%. The
colors of the Re-WF dyed with H-E3B according to
varied temperatures were determined as 0.2R to 1.6R.
The color at a dyeing temperature of 60°C was red
closer to RP becoming more red as the temperature
increased. On the other side, the color difference
between the non-dyed woody fiber and the dyed woody
fiber ranged from 52.8 to 56.0, which increased from
60°C to 80°C but decreased at 90°C. The color of
Bis-MCT/VS type RB133% was determined as reddish
purple at 9.8 to 9.9RP, almost closer to red, with almost
no difference being observed by temperature. However,
the color difference showed the decreasing tendency
ranging from 49.1 to 54.7 as the temperature increased.

Fig. 6 depicts the dyeing yield of two types of reactive
dyes. The dyeing yield of the H-E3B, where a covalent
bond is formed through nucleophilic substitution (SN2),

increased as the temperature increased but declined
again at 80°C. The RB133% showed almost the same
dyeing yield up to 60-70°C through nucleophilic
substitution and addition reaction but subsequently
decreased. This is presumably because the cellulose
fiber is dyed with reactive dye through the simultanecous
fixing reaction and hydrolysis and because the hydrolysis
reaction rate is higher than fixation reaction rate during
the rise in temperature. Therefore, the application of
optimal temperature according to the dye is important,
suggesting that 80°C and 60-70°C are adequate for
H-E3B and RB 133%, respectively.

3.5. The effects of soaping and fixing
agent treatment

If the non-fixed dye is not sufficiently removed after
dyeing is completed, the color fastness may deteriorate.
Therefore, a soaping agent with high dispersibility and
cleansing power is used to remove the non-fixed dye.
Furthermore, the cationic fixing agent is mainly used
to fix the reactive dye for preventing the repetition of
readhesion and detachment of the fixed dye on fiber
through hydrolysis. In terms of the color of a regenerated
fiber that did not contain any dye, Fig. 7 depicts the
color difference between the regenerated fiber dyed (W)
that was dyed and simply washed with water for 70
min at 80°C with 5% dye (OWF), liquid ratio of 1:50,
50 g/L of Na,SOs, and 20 g/L of Na,COs; with respect
to the color of the dyed and soaping treatment
fiber(W+S) that was treatment for 10 min. at 90°C with
a liquid ratio of 1:50 and 1 g/L of the added soaping
agent, the color difference of dyed, soaping, and fixation
treatment (W+S+F) fiber that had been fixed the dye
to the fiber for 20 min. at 60°C with the liquid ratio
of 1:50 and 2% OWF of fixing agent added after soaping
and cleansing.

For the two types of dyes, the color differences of

the regenerated fiber that was washed, soaped, and fixed
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Fig. 7. Comparison of AE by treatment process
(Washing, Soaping and Fixation) for the dyed Re-WF
with reactive dyes.

Notes : W : Water washing, S : Soaping, F : Fixation

without the addition of dye after each treatment were
all below 0.5, which was evaluated as “trace” (color
difference 0 to 0.5) according to the NBS. Furthermore,
the colors of the regenerated fiber that was dyed with
reactive H-E3B and RB133% and then washed were
1.8R and 10.0RP, respectively. After the soaping
treatment, the colors were 1.6R and 9.90RP, whereas
they were 1.6R and 10.0RP after fixing treatment,
exhibiting only a minor difference. The color differences
in the regenerated dyed (W), soaped (W+S), and fixed
(W+S+F) fiber were determined as being at a similar
level before and after UV irradiation for a certain

time.

4, CONCLUSION

The findings regarding the influences on dyeing
properties and color fastness to light due to dye
concentrations, additional amounts of salt and alkali,
and dyeing temperature in dyeing for Re-WF obtained
from waste MDF manufactured with pitch pine and
with the two types of reddish reactive dyes (H-3EB:
bis-MCT/MCT and RB 133%: bis-MCT/VS) are as

follows:

The colors of the Re-WF dyed at a dyeing
concentration of 1% to 10% with reactive H-E3B were
determined as 0.2R to 3.6R, ranging from red close
to RP at low concentrations to a reddish color at higher
concentrations. The color difference of the non-dyed
Re-WF was 45.9 to 56.3, which rapidly increased at
low concentrations, but hardly varied at concentrations
of 5% or higher. The colors of the Bis-MCT/VS type
RB133%, ranging from 9.6RP to 10.0RP, were
determined as reddish purple closer to red at dyeing
concentrations of 3% and 7%, showing almost no color
difference according to the dyeing concentration. The
dyeing yield of the two types of dye increased as the
dyeing concentration increased, and the K/S of H-E3B
was higher than that of RB133% at all the dyeing
concentrations. The color difference obtained using UV
irradiation was lower in RB133% than that in H-E3B.

As the addition amount of sodium sulfate increased
in H-E3B and RB133% dyes, the color difference and
K/S increased and the color fastness to light was good.
Therefore, the result suggests that the adequate addition
amount of salt was 50-70 g/L.

The color difference and K/S of H-E3B and RB133%
considerably increased when the pH was converted into
alkaline by adding 2 g/L. of sodium carbonate, but there
was almost no difference by adding further amount of
sodium carbonate. For H-E3B, the color difference
before and after UV irradiation decreased when the
addition amount of alkali increased; however, RB133%
showed almost no difference when the addition was
5 g/L or more. Therefore, the adequate addition amount
of sodium carbonate was 5-10 g/L at pH 10.

Even though the dyeing yield of H-E3B increased
as the dyeing temperature increased but again decreased
at 80°C, the dyeing yield of RB133% exhibited an
almost identical up to 60-70°C but decreased sub-
sequently. Therefore, the result suggests that the tem-
peratures of 80°C and 60°C are adequate for H-E3B
and RB133%, respectively.
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APPENDIX

(Korean Version)

Mg GRe] oF JMDF A ZAMA AUSH

22 : JMDFZ ¥ d45te] 4d-& AYAHFE Reactive Red H-E3B (Bis-monochlorotriazineMMCT)/MCT type)2}
Reactive Red RB 133%(bis-monochlorotriazine/Vinyl sulphone type)= FMe wf X&) JMZAS 1Hs17] ¢Joto] A=z
AEE % A3 O] kg, dden)a Qa5 9 9wl IS ARSI 239 wESANE B dEE
L7H1~10(%,0WF)Z 715t whet H2HK/S)E F7Fskeint. E3 H-E3B7F RB 133%Eth 47 s=of A 3lo] KiSe
EdoH, A 2Abe] TE M ol Ao Ao ogt MM AFHdo] dEsiilth SHUERY WUkl S S
A} 9l KIS F71skelom, | A7 50~70 /L7t At 2 g/l BARGEF 7o) ofsf Ma} 9l K/S7) 2
7P 11 oo AHUlEE STl AL Aot il B EESY] H7FEE pH 10& {-A|5k= 5~10 gL 7}
AT 07 Y7 H-E3B 9RE A4 2=7} wobdo| uhet dx7ke] Zutsitizt 80ToflA thA] 7h4dt Hhd RB
133%= 60~70C7HA| = A2 HUdt JaekS Yehd oLy, o]3 7Faskatt. weba H-E3B= 80T, RB 133%= 60C7}
AR AR wdkE) o] HF x4 HMDF 2448 AMA2stH H-E3BBAE+ 1.5~2.0R, RB 133% &+
9.6~10.0 PR AAFE 7HA= A A S2HGY Azt 7Hs sk

LME

MDF(Medium density fiberboard)+= 2006~2016\7t o = =2FF0] 215Wm/d o2 714 Wo| AMEE 1 9l B3]
g ARO|tHFAO). T3, thFEo] 7Het AS WA R AHSE MDF A& B+ 483 109 A2 7PY3icid gro=
viid oF 2009tm’ H= o] HMDE7L HAE AR FgEch ey, AT H71EY Aol digt Bim Bk SdiE
glout, Fujold BAsY % 714 20| B MDFE 244 A2l ol SAz A9l A2 o4 Ao o]ojx4
AL Qlek wheba oA A A 4= Sl HMDFE o]8sto] QlH|gjo] 43 A|282 dRE o83l {8 HEA=
AN A 5 Al 7HsAE HESY T Ju and Roh, 2017). 11 A3 MEZ o AA 459 dlo] 2 o5
w7t gk 9 g2k A F 9] Bis-monochlorotriazine |2} Vinyl sulfoneZ] 2] ¥4 A& 6%, Anthraquinone|2] HIE@ =
3%, DiazoA| 99| AHAR 3T L A} &5 HAAHR 3t G 2 YBAEE v HES A, wAdR9t
A 5o BARlo] ARl AT Hsetie AL SISl YRALRE B

AF7HA] SA4G FAA RS M1 A ACQ WHAHE HA¢] M/ (Lee and Choi, 2018), A 2] =Aj¢] M w3}
(Hidayat et al., 2017 and Yoon et al., 2009). <1 G4 Hvol o5t Ej9] M Ho|(Moon ef al., 2007). $HA] Q] HAFRZA]
AR 239 ARAE BA(Lee o al. 2006) 59 A7 FHEAOL W4 Azol o B 460 Q] ot
At ASiT) Gl WO MER o Aof ja) v dRel ofgt @M THE AR 18R SEY wEE e
2] WARol et s H RS A/ (Jung ef al., 1994), 3YM WH-SAHARE AHESE Cellulose 415 HAA] 29| B
9 Eolgko] gAA gl Ao u|z= G3KKim ef al., 2010), novel regenerated cellulosic fibero] th3st &M E4(Koh
et al., 2004; 2005) A FAAE 2 O A Uirnbo|v|(Bhatri ef al., 2012; Khatri ef al., 2016)2F U5 49 %) E(Larik
et al, 2015)°] WFEAHHE FMA] 7]E9] YMET} ultrasonic energy FAo] L8t AT GOl FYE oL A
SRRl tigh G PafAl vzt ok B A R g G2 MEZ A A9 AR WEII(FE HlEeEo Y
g eIl 2okt Aggol oja) THAT] JAHDE s WARE Fow duzol e Ak AHE
ofi= z}o] 7} Qlt}. whEbA] E 9 3Lo A= Bis-monochlorotriazine 4|2} Bis-monochlorotriazine / Vinyl sulphone#| 2] 2 A #|
WS YRS AFgato] A4 BANGE QAT 1) HH9| GNRZOWEOn the Weight of Fiber), £, pH, H2A|2]
e st
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2, Mz 3 U

2.1, A A=

2.1.1. MDF

AR BALNGE A7) 98F MDF= =AF 2] 7] ek AU (Pitch pine (Pinus rigida M2} Q43RS ALR-8Ho] A 235t F7
12 mm, HZ 0.629] MDFE A 25E Fopirol ALga}lct.

212 A7 9 Aok

ARz AEZOAA AGo Mo & o] &E 1 9= HMA Y] bis-MCT/MCTA|Ql Red H-E3B2} bis-MCT/MCT/
vinyl sulphone#|¢] Red RB 133% §H-&-dHEE AFEOFTE ARG @R 5 9 F8 5442 Table 13} Lt} SMRIER,
HAEES 15 A9E I & AHS-SHITh SoapingAl= &0l24 SNOPOL SR-140(Snogen Co.)<, FixingH| 2= %Fol24
9] SUPERFIX RF(Snogen Co.)& A3}t

2.2, AW
22.1. AAR2 el
MDF 2 £E] 9] 2fAA 8= 50x50x12 mm=E Agt MDFo]| 250 ml2]

FRE WA £ 25T 4842 BAA
3 7148 9A710] o8] sEak Sjeat e 300 mo] AaRoR ofak

ot :(m
[
[
_?L
i3
2
B
—?L
)

222. QM
A NI Fig. 13 2t} A2 & vlF o ABAHERFE 22, HE 5%(OWF), 4] 1:50, Na;SO4 50 g/L, Na,COs
20 g/L, 80C oA 0BG 7|8 zA0®E zizte] M 2AL AES T G 2A0RE oz H7leko, 1, 3, 5,7 2

10%, OWF), Na,S0; H71EK0, 10, 30, 50 2 70 g/L), Na,COs H7}2K0, 2, 5, 10 2 30 g/L) I FA 22(60, 70, 80 L
90C)E djato] AMG T, 493 (Soaping) B 1:50, 2-$-A H71F 1 g/L, 90TCofA] 1087 2] & L=A519.2H,
D 2KFixing)H 2= Au] 1:50014 T&A H71F 2(%, OWF), 60CojlA 2087+ A & A3t}

223, ANERE AEAZ
VU AudsEs 24s] $IT AR 250 Mg AR o8 2AME GuT QA dolnt
o) R4S Wksto] 29 UAI|E 283 M3 whatman oj1A|E AHShe] ofket F S0TAIA 5871 YAt

224, M B4 27
A AAA9-0] FHMALS Minolta CM-3800d (Japan)E AR&3to] ZA4stgon, Ao o2 Mzl &4 A AGAE
o thet Aol FSeITh A9 ZAFE) MR A9 AT LY, ¥, bro] o2 E] A&t KISThe 242
A AR 2 RS SAY & o 22 Kubelka-Munk4]of| ofs] AFEsk¢ih
K/S = (I-Ry*/2R
K : Absorption coefficient, S : Scattering coefficient, R : Reflectance coefficient

rlo
N
N,

225 4% A= U}
249] 9o ofd g Hae ALt

2454 A 871(QUV/SP, USA)E o]43lo UVB-313
= 0.67 W/, &% 50CoA] A% g

Abx i‘ﬁ—l A30] CIELAB A Z7bol|A Q] Mapz Frlsldc)

M AGR 7 HBZ A BP9 9L A MR AER A FHlo] FHET HRE skt T
(Phase A)S} A9 WS7IFR WYSE | FREENI/)G BER Q29 410 Afole] ez AT} 2L
$2%0) G4 WA(Phase B) % Phase BAH $HATL S=517] 1a) A7RE 2zl AAstel 714t 462)
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A}

Al
2

A8k vjuke-o] GRS A7 et M4 8 1ahdA|(Phase C)= 0] Fo] X HH(CIBA-GEIGY, 1990). 3L, 7}
ok 24000 wet AMgols Aol7h lrk whehd dmof Bt AR JFvhe AR Tk, AERLA

ol ko] 5171491 Wb} #4%}A] 7| 5+=(Donnan potential) &2/d ¢l FAEFS] H7HY, dde] Sui=A
A AEES(SN2) = F7HESS A7) S8l A7iske BAUERS 7K 9 ikt Eafdeol d¥the g
oF Fadate BAE A=A

ol
[

1o & wo
L glo X o
ol

>~
N

BT oo e orpr

31, ¥R FEet G 9 YFAFEE

TS AR ot MERQAA A2 AM/d2 Phase A4 A-eF 84 AMZTY] HdRE 2z XA (Substantivity)o]
- Fasich AEE A AR FHo S & e dEFS A o)) witel] #Ho| Z3EA He % oY
HE H7he AP TaAl7lE aclo] Hrh

Bis-MCT/MCT #|¢l H-E3B2} Bis-MCT/VSA|¢] RB 133%2] HF-Ad a2 A BAAGE JAE o d79] sxof =
At Mab= Table 29t 2ot WA A HAHF(HET : Control) GRS H7ISHA] ¢hal FUe FAAE 3 44
EAARY] A2 02Y 2 04YR OS] H3PU(YR)Z|W7F Sl S UL ek E3E dhztol] vle] A7} H7FEA]
1 FYe GAAYE g A B 7MY AEEER A8 WETt At =Tt ot Skt e, Mabrt
3.8%2 n|=o] PME MAFRLO] FA(NBS: National Bureau Standard) o W= “appreciable”(M2} 3.6~6.0)0] sfFEch

H-E3B €29 ¢ 1%~10%9] gd& FEol e M-S 02R~2.6RE AF oAz ZZHRP)o| 771 Ao A 5=}
ol H Hr}y A0 Akg YR ¢lek v v A B fol thigt QAR M= 45.9~563 08 A FroAl=
F43] 78U, 5% oY wEolA = AY Zol7t §igltth Bis-MCT/VSAQ]l RB 133%9] M2 AR 5% 1%%}
10%0) A= 22+ 0.6RZ} 0.7R, 9.6~10.0RPE # 2] Z Mol 7}71g- HAM o2 g Fho] ke MY ztol= A ¢llth
Hhol Mzl= 38.6~55.72 ARY X7t FUIEl wet F7kske A Uepl L Qi

AR ARk e A Fig. 291 2t H-E3B(E 3 540nm)2t RB 133%(Z] ti2hg 530nm)2] H2ake
AR =7} 1%0)4 10%2 273t whet 2718k th Bis-MCT/MCTA 2l H-E3BS} Bis-MCT/VS7¢l RB 133%9] K/S&=
HE 9% s%olA H-E3B7} RB 133%%.t} =9ith. whehA] Hishe MAbe] wheh 2det d&9] Hrlgs 24d dar)
U ASE AAEH, 52 10%7HA= %7 S71sHE Kok JMof 77k AdE A& 4 & AoE AZH

daol F=E gelste] AAsH AL R dis] 2& 0.67 Wim', 2% 50T oA LAAZE AFeldd 2AFAE] A 39
2R v e YFAE e Fig 33t At Aol s dMekA] > MDF§9| S84 F% AeA12) ZAfo| ofsf Mapr}
A Y= 2AE ER1S 4= ek wheba] dAst A S-AR9] Aol ofgt HAjo] A-RAHA|S] o5t 21X AR
O3t AIA FEY = AT v ARl vl JAAERNA Y M7 E 2A Ve Bis-MCT/MCTA| Q] H-E3B2}
Bis-MCT/VS7|¢l RB 133%¢] K/St HE A& »w o)A H-E3B7} RB 133%kK T} =gton, 2ol At w2 Majs
H-E3B7} RB 133%%t} Grop zpelAof] o3t A AAe Hep gash A o2 Azbgr}. £3F MCTH¢l H-E3BHE=
AR w7l koldeE M} 74 i, HUSE7])7F 235 RB 133%= MA7E ohad AXE AgS e

3.2, 99 et GAy

MEROAL S0 Bl SHIE ST, PR ET AR sPHE aol Aail AH71Hel vz olg)
Qb HHERN R He FAS WA Hol AHAol kst ol A4 Sldte] @8l A(SalyS F7HSHA
| @4](Salting out) T2 918 P72 o] folsfAct. Bis-MCT/MCT A1 H-E3BL} Bis-MCT/VSA|Ql RB 133%2]
WA AR o) A BAHRE AT v NaSO.8] H7FHO, 10, 30, 50 B 70 gLyl wHE A MAE v
23}, HE3BS RB 133%¢] 259 @R B 9 A715H ook 1] Mk 4813} 4152 2412 g gich. et 4]
Hrkgo] Z/beeE ARE AR ow], HEIB/E RB 133% Wrh wE de] Arkezed 2 ke tehjsc

BRI GisEol U AL Fig 49 2tk Hehub 540 nme] HE3BSH Hthsby 530 nme] RB 133%2] G8zke
99l 57} 094 70 gLE F7Ko] wet A Z7hstoich. HE3BS] KiSE RE 99| 504 RB 133%x} £t

Gl A7k 2elste] @A AN ARl el £ 0.67 Wi, 2= S04 ARAE A4 2A e A
A3 W e YPAR T BE 9] oA Bis-MCT/MCTA|¢] H-E3B7} Bis-MCT/VSA|¢] RB 133%X4.t} oF& 5%tk
HE3BYEE 99 H710] /K148 A7k 425190, RB 133%% J0gL7HE ot 27k 00 o] ol il
AORRE 50~70 gL 9 Wb EBHY Aoz ek
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SHAEEY] A7t da8 2 43dEe
IR Aol O3t AE2 oA AR G WA ReAdR7 SR oA FHo FAEL AfRE Sitske 9
(Phase A)E A HEY HHE7|(FE HEEE/|U SREELORI7)Y MER QA9 $2417]919] Aol o2 At
2 Ffradol 345 BA(Phase B)ol| el A=7F nAFEE o ¥R A= w5710l s & MCTA = 234
2] &HH-g(Nucleophilic substitution : SN2)of| 23}, VS A= A F71EE-3{(Addition reaction)o] &J3f o]FojZct, o] H-3-&
£708}7] $Ja41 Cellulose-OH)n g Cellulose-(Onz20] ol 318 2al7] Sial 59| ph 42302 Hekls] 949
SAUESS ARtk 1 QAT 2 BHRES W7kl th2 Q15o] pHE Table 37} 2ok AR FRO] W2 pHi
7o) Zol7k glaleh. B4l pHi BAHIESS H7ol] 7ML 43~45 AES fASIh BRfEES Wltos
el dHez AgtEGlon, HFrtgo] WoldeE pHe 9.5~10.8% FobHith
Bis-MCT/MCT #|3] H-E3B} Bis-MCT/VS#[Ql RB 133%2] g/ d=Ee] ofsfl A HAMRFE FAT ff &z
H7FH0, 2, 5, 10 W 20 g/L)of] w2 Adat MAE wlwgt 23}, H-E3B2} RB 133%9] 2% @& F BMIERS H7I6HA|
A
o

oW
w
>

LS we MR 4603} 18755k B3] HUSEA RB 133%ARE SHIFERS A/ ghow 8 ¥
o|FolA)A] Gtk et F GR BE SARFEEE kil pHyt AelE A 2 glolAl MR} 34 F7181)
7 olael AR B7el w2 Axtel Holi A9 gigiek

WSAHARS e SEo] W AHS Fig 59 2k HEIBS RB 133%0] AHFE Mol A9 ge o
SARFE RS A7l 2 gLolAl 27 71kt 1 o] ArkeIA: A9 Holt flieh

2e|o] H7hS Befstol GAT AP HIsh R 067 Wi, 25 SOCTEIA] AL 94 2ApHe] A2
A v s AR EE BisMCTMCTA 9l HE3BHRY 451 aelo] F7heol S5 At gastglon,
Bis MCT/VSA9] RB 133% 5 g/L o4} A71eIA 719] ol7t Gigiek. uheha] SAESS] H/13S pH 102 fA5H:
5~10 gL7h 28 Aoz Az,

3.4, 94 2=et gAY

QA 227} SolAA Hul GRiAe] SFIUA Fbote] YR GHEEES ZHA7|T GHBY ELANES B}
o], A 9FS v)XA Hek. BisMCTMCT A2) HE3BS} Bis- MCT/VSA) RB 133%¢] W34 ARl ofah 44
2AHAE G ) GURES] T2 AT S FES Ak HEB dR0] 49 £Eof 12 A4S 02R~16RE
60O ZARP)O] 717he Mol A] 227} olalwl sk Aol Aol 7b79 e, vl v da) Ay BE4Go chat
QUH RO AL 528~56002 60TAH B0TIAE F7H5HAOL, 90CAME o352 Fase. BisMCT/VSA<
RB 133%] A& 98~99RPE A 2] AAjo] 77he: AA802 Lol wh 2ol 7o] gigich o] AR 49.1~5472
w7k Z7Rb] ue) gashs A% e o,

H7M-2(Addition reaction)o]] £]3t Bis-MCT/VSA|S] RB 133%= 60~70C71A| = # 9] U3t 9
A2tk ol WA d R o3t MER L AA A9 AN ARSI 7hpEsf BRSo] SAlo] Pojuhar S, 2=9
Feol Qs AR &%= Wrhs ZhpeEe) WS 57t 27] wfRol2tal AZMETh weki] dRol wet XA 2= A8l
%93}, H-E3BX: 80C7}, RB 133%E 8= 60~70C7F A &stqict.

3.5, &¢I} 1A A2 FF

AR} AEET LA Afol THEA ke ARE F25] AAS gowl AYES syl Aolo Mgichy
A ek webA vz 4R AAS] 8 ST AAAdo] 5 APHAIE ARESE] MlARith Eot 12kE dRrE
7k afell Qs Aol ARatt gl RS Hof ol WAlsh] Hsf MRS Apolle 2 goled 1AAIE
ARgsto] 12kA 2] ok whebd ARE 7R g2 Aol Mol te) A= 5%OWE), 9fH] 1:50, NaySO, 50 g/L,
Na;CO; 20 g/L, 80CoflA] 70 FMA 2|k & ] A5 A EF-2] kel fu] 1:50, 2984 H7HE 1 gL, 90TofA
1027 2] 5 AR GAER-of A Bl 2983t AJF 2] Hu] 15004 TLAA] 71 2%(%, OWF), 60ToflA 2027k
A F AR ARG MRS TG IR Fig 73 2k 9RE W/RH) o3 Ak 299 Al 9 maAele
SF Aol tist Zhzre] Aej el M= 250 g7 B 0.50]812 u]=te] JAE AAFAE] 4 (NBS: National Bureau
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Standard) of TR “trace” (413} 0~0.5)0] LTk E3F ¥h34 HE3BS} RB 133% AR 43 F 2412 A 49-2)
AAF2- 77t 1.8RI 10.0RPH O™, A9 A2]|3 = 1.6RI} 9.90RP, 12425 = 1.6RI} 10.0RPE #9] Z}o|7} $l3itt.
E3 230 HAA WSYGRE GAA 29U DA ) T2 HYARHF el YA 494 2R e A5
HA2 vEd AYALEE 259 P2 BE A olrt glgith

4 2B

Y7 AUEE A %3 JMDFEHE A& AU G ths] 244 2] bis-MCT/MCTA2} bis-MCT/MCT/ Vinyl sulphone
A WHAAHER AN AR 5k, 99 VI, 4 WK ARl i GMEA 9 YRR EE AR dit=

=t 2tk

HMDF2] -GS HH-A H-E3B 92 E FREE5T 1~10%0lA FAet JAMABAHG] MARS 0.2R~2.6RZ AFEo|
A AZHRP)O| 717k Ao A =7t ok Bt S Uepfglct. o)A QA 22 ol gk AR Mk
459~56.308 A sEoM= FA3] S/, 5% o) =M= AL Zfolzt gisith Bis-MCT/VSA|Q] RB 133%
O] ML HE FE 3%9 7%01A 9.6~10.0RPE AL HMo|| 7}7kE AR O QR FEo uhE A Ztol= AL
Utk 2%9] dE BF ARFErt SVl oet AR SUkskelen, e AR sEolA H-E3B7} RB 133%R.0}
K/S7} =Sk} AejAd ZAbe| ©hE MAb= H-E3B7} RB 133%K.t} Yol 2p)4of &gt HA #|3k4do] oz stqich

H-E3B % RB 133% #& B5F AN SFAGEFY] Hrieko] S71eeE Aat 9 K/ISE F7Fstglom, AF<jA 2AMA 2
A50] MR v w3t AFAEE FTotgich mebA Ho M7t 50~70 g/L7t - Ao AYzhErct

H-E3B 4 RB 133% 98 25 A4 SAUEES 371ste] pH7 G222 AehE 2 g/LolA M3 9 K/S7t =27
7Pt o 11 oo 7k F7telM = ALY Aol7t §igith H-E3BE RS 7= A4 AR 2] 239] M3yt dzhe] 9]
A7FFo] S7FEE A O RB 133%+= 5 g/L o)/ A7tellAl= AY zfo)7t §lglt). whabs] s ERQ] H7keke
pH 10& f-A|8k= 5~10 gL7} AAS A0 & Yz

H-E3B §&2& 44 257t olxlo] whel dzlegko] Zrtsittzh 80T ollA] tha] Zh4%t B RB 133%% 60~70C71A] &=
79 Fdet Azt yepflon, o]F 7hasieic). weka H-E3BE 80T, RB 133%% 60C7t 2 4st A o= duHr).
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