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ABSTRACT

This study aims to review the relations between the dyeing conditions (i.e., dye concentration, addition amounts of
sdt and akali, 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%
(BisMCT/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 aso 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,
amost 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 amost 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 optima 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 approximately 2 million m' of waste MDF is estimated
to be produced every year when the average lifespan

Medium density fiberboard (MDF) is the most com- of the MDF products (used for furniture and building
monly used wooden panel material and has exhibited materias) is presumed to be a decade. However, despite
an average demand of 2,150,000 m'/year from 2006 increasing interests and investments in waste recycling,
to 2016 in Republic of Korea (FAO). Furthermore, MDF is barely recycled as a non-thermd 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-
sarved in the surroundings) as a raw materia 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 va 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.

Severd 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 naturd dyeing methods (Moon
et al., 2007), and a study on the usage of the dyeing
components of Neolitsea sericea Koidz bark as a natu-
ra dye for hanji (Lee et al., 2006), have investigated
wood and wooden materids;, however, no studies have
been conducted on dyeing the woody fiber with re-
active dyes. Furthermore, there are severd 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 covaent 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 vdues 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: bisMCT/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 bisMCT/MCT type and Red RB133%
of bisMCT/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 t Commercia C.l. Generic Molecular Molecular
ye type name name formula weight
NaO SO;Na
N i
= N\
Yop ¥
So,Na N \(
'SO,Na
BissMCT/MCT: Reactive ‘ NN a
(Bis-Monachlorotriazine) Red H-E3B i 120 O ) ‘ A 1469.98
|
NaO,s OH "
N\\N
NaO;,S, l
Cl
/A
. . S0,C,H,0S0,Na )\ /@\
BissMCT/VS Red RB Reactive soma 984.21

(Bis-Monochlorotriazine/Vinyl sulfone) 133%

Red 198

Sissas

NaO,S SO,Na

25°C for 48 hours and defibrated in a home-use mixer
for 5 min. Then, it was dried and manufactured after
being screened through a 300-pm screen.

2.2.2. Dyeing

Fg. 1 depicts the entire dyeing process. the regenerated
fiber was inserted into a tall beaker, and each dyeing
condition was reviewed with respect to the following
basic conditions: 5% dye (OWF), liquid ratio 1:50, 50
g/L of N&SO,, and 20 g/L of NaCO; 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 N&SO, (O,
10, 30, 50, and 70 g/L), the addition amounts of N&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 a 60°C
and then rinsed with water.

@ Sodium sulfate c(g/L)
80°C

@ Fiber alg)
@ Dye b(%. OWF)
@ Sodium sulfatle clg/L)

(® Sodium carbonate d(g/L)

R T i } Washing

Period (min.) 10 10 10 60
(A) : Dyeing

90°C

60°C

@ 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 afinity,
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.
a 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 caculated using the
following Kubelka=Munk equation after the surface
reflectance of each dyed sample was measured.

KIS = (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
covaent 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 sat 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 akaline 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
(BisMCT/MCT type) and RB133% (BissMCT/VS
type). Fird, the color of the ReWF (Control) and equdly
treated Re-WF (Control-Tre) without the addition of
the dye was yellow, with a tint of yellow—ed (YR)
a 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 dight 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 increesed.
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 \% C
0 714 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 4.3 115
5 415 49.4 10.8 56.0 1.5R 4.1 11.9
7 399 49.0 12.1 56.3 20R 39 11.7
10 38.1 47.8 133 56.3 2.6R 38 11.3
0 714 5.8 24.5 3.8 0.4Y 7.1 3.8
1 52.8 34.3 7.8 38.6 0.6R 5.2 85
Red RB 133% 3 44.9 41.1 54 49.1 9.6RP 4.4 10.0
5 41.3 43.1 58 52.5 9.9RP 4.1 104
7 40.3 441 59 53.9 10.0RP 39 10.6
10 375 44.6 7.1 55.7 0.7R 37 105
Control 74.1 5.3 219 0.2Y 7.3 34
respect to the non-dyed Re-WF was 45.9-56.3, which 1 | o Red H-£3B(540 nm)
rapidly increased at a low concentration but almost no 12 |7 Red RE133% (530nm)
difference could be observed a a concentration of more 0
than 5%. The colors of RB133% of the BisMCT/VS E,
type were 0.6R-0.7R and 9.6-10.0RP & dye concentrations £ .
of 1% and 10%, respectively, which were reddish and :“Z‘-
were dmost close to red. Further, dmost no difference ‘
in color could be observed in accordance with the dye ?
concentration. However, the color difference was 38.6— 0 . . . . .
0 2 a4 6 8 10 12

55.7, exhibiting an increasing trend as the dye con-
centration increased.

Fig. 2 shows the dyeing yidds 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 (BisMCT/MCT type)
was higher than that of RB133% (Bis-MCT/V'S type)
at al 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%.

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 itsdf 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 usng 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
subgtantivity, the dye's approach to fiber becomes esser
due to the sdlting out effect. While dyeing the Re-WF
with the reective dyes of the BisMCT/MCT type H-E3B
and the BissMCT/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 NaSO, (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 sat increased, and H-E3B exhibited a larger
color difference than that exhibited by RB133% at al
levels of salt additions.

The dyeing yield according to the sat 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 O to 70 g/L. The K/S of H-E3B
was higher than that of RB133% at al levels of salt
concentrations.

The color fastness to light of the regenerated fiber
dyed using varying addition amounts of sdt was observed
based on the color difference before and after the UV
irradiation for a certain time. H-E3B was better than the
RB133% &t dl levels of sdt concentrations. The color
difference of H-E3B decreased as the addition amount
of sdt increased, whereas that of RB133% dightly
increased up to 30 g/L but subsequently declined,
indicating that 50-70 g/L was the effective addition
amount of salt.
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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 covaent
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 adkaline 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 akali 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
Tyge of N&SO;  NaCOs

ye  Water Soaping Fixin
1st 2nd A(rgﬁ_u)nt H aping g

0 4.5

Red 2 95

H-E3B, o
Red RB 44 43 44 5 102 98 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/L where the pH was converted to dkali
with sodium carbonate was added in both dyes. There
was dmog 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, amost 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 akali was
compared before and after UV irradiation for a certain
time. The color difference of the H-E3B decreased as
the addition amount of akali increased, but RB133%
was dmost not shown difference in the color difference
until alkali was added 5 g/L or more into BisMCT/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)

10 /

K/S (Amax (nm))

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 a 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
BissMCT/V'S type RB133% was determined as reddish
purple a 9.8 to 9.9RP, amos closer to red, with amost
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 yidd of two types of reective
dyes. The dyeing yidd of the H-E3B, where a covaent
bond is formed through nucleophilic subgtitution (SN2),

increased as the temperature increased but declined
again a 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 smultaneous
fixing reaction and hydrolyss and because the hydrolyss
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 a 80°C with 5% dye (OWF), liquid ratio of 1:50,
50 g/L of N&SO,, and 20 g/L of NaCOs; with respect
to the color of the dyed and soaping trestment
fiber(W+S) that was trestment for 10 min. a 90°C with
a liquid ratio of 1:50 and 1 g/L of the added soaping
agent, the color difference of dyed, sogping, 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 sogping
and cleansing.

For the two types of dyes, the color differences of
the regenerated fiber that was washed, sogped, and fixed
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AE

20
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W+S

WH+S+F
W+S+F

Non-dyeing Red H-E3B Red RB133%
Treatment

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
al 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
18R 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 akali,
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:
bisMCT/MCT and RB 133%: bisMCT/VYS) are as
follows:

The colors of the ReWF dyed a 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 a 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 BisMCT/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 dmost 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%
congiderably increased when the pH was converted into
dkaline by adding 2 g/L of sodium carbonate, but there
was amost 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 akali increased; however, RB133%
showed almost no difference when the addition was
5 g/lL or more. Therefore, the adequate addition amount
of sodium carbonate was 5-10 g/L a pH 10.

Even though the dyeing yield of H-E3B increased
as the dyeing temperature incressed but again decressed
at 80°C, the dyeing yield of RB133% exhibited an
amost identica 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 JMDF2EH 3435t 42 AAH+5 Reactive Red H-E3B (Bis-monochlorotriazing(MCT)/MCT type) 2}
Reective Red RB 133%(bis-monochlorotriazingVinyl sulphone type)2 GA1eh off 24 9] JA2A-S 37| Yot dA=
AGR =, G 2 Wl Quew)t GAEY B RsiEle] IS AEs 259 SHYR BE dak
=7} 1~10(%0WR) 2 713l wet G2keHK/S)e Z71stgith &3t H-E3B7}F RB 133%Hth g o #Aglo] KIS
o, Ao 2] whE Mk wot zkejidol| ofgt WA Aol FEsiit. JAHERS] W] SMEeS
Az gl KIS Z71skglom, Hel 72 50~70 L7k 2 dstgitt. 2 gllof BiluER H7tel ofsf A3} 9 KISzt A4
F7Ist ot 2 olael A7k S7oIAE Fle) Aolt glsiet. B EEe] WIS pH 108 78k 510 gL 7}
HAY A0R A7 HEB ARE 94 57} Sol Yol uhe Gae] F71sicrt 80THIA thA] 7h4dh v RB
133%%= 60~70C7HAE 79] U3 GRS tehlont, ofF 74sioth. weba H-EBE 80C, RB 133%!= 60C 7}
A% o B odke] HHz A4 YMDF BA4 45 AMAelshe H-EBYREE 15~20R, RB 133%% 2
96~100 PRE] A2 7HAl A4 A4 BAMR] A2} ekt

LME

MDF(Medium density fiberboard)= 2006~2016W7F H =+U] 4=Q.5F0] 2150tm/Hd 0 & 714 Wo| ARE-E 1 9l E4
g A Eo|tHFAO). E3t, tifEo] 7Htet ASWANE AHEE MDF A2 et < 1090 =& 7Pg3ictd grog
i of 200vkm’ =0 HMDF/F A Aos SFAEh deuy, 2T H7l=e] Aol tiet BHH Fae SiEa
glovt, Fol A BAsfY % 74 a8o] B MDRE 93 Aol ofd BARAe] HUEL oty Ae] o]2ojx|7]
3L Utk wEhA FHA A 7 4 Qs HMDRE of-8-sko] QlgF]of % A289] YrR o]85t7] Sl AEAA=
A Ay FddR] Az 7S AESATHU and Roh, 2017). 1 23} AR AA R0 fMof F2 ol &E=
w7k, gk 9 ok A Y 9] BissmonochlorotriazineZ| 2+ Vinyl sulfoner o] HH--A4 G & 6%, AnthraguinoneZ|Ql Yl EH &
3%, DiazoA|Eo] A A= 3% ¥ Ao} 280 AAGae] o3t gAY 2 d3AH =S vl 4= 4y, wdaet
AAel BAGl AEARE AxTL P52 Selstgont duE: Bttt

AF7H] BEAG FAA R ] Ant B4 ACQ HEAHH HAe] M/d(Lee and Choi, 2018), B4 7] HAj<] A4 W3}
(Hidayat e al., 2017 and Yoon et al., 2009). A&l FA Hho] oJat Bzjo] A Hol(Moon e al., 2007). 349 HAFEZA
FAUR 5919 GRAE BA(Lee et al, 2006) 59 A7} FHELOL v ol o3t B Hpe] o] ot
AT AT o] Hel AE e Ao i) uhg/d dzol oot AT HHE AT IEA: SkEe) N eS|
A2 v fol the Mk U RS Au4(ng e al, 1994), 3U4) WHSH RS ALST Cellulose A5 FMA 22 ER)
gl =QlgFo] A 9 AR|ko] ujx|= g(Kim et al., 2010), novel regenerated cellulosic fibero] tfjst |4 E4J(Koh
et al., 2004; 2005) A A FAM 22 o A vhi-uto|w|(Bhatri et al., 2012; Khatri et al., 2016)9} tL = A9 22 (Larik
e al., 2015)9] H-$APR FAA] 71Z9] QAR Ultrasonic energy o] S-St AT Sol SE o A4
SRl i FAS i vt glok wked g Eel] o G AER e £47]9h Hre HHETI(FR HldEEely
ZRREHIZ)0] Hrht A3hkgol o) F4ATe] FHHER ) B AoR GuRd) e At Azw
o= o] 7} Qleh. weba] & ¢3Lof A= BismonochlorotriazineZ] ¢} Bis-monochlorotriazine / Vinyl sulphoner)| 2] 2] A4 |
MSAARE Aol A BANGE AT o 220] ¢ A(OWRON the Weight of Fiber), i, pH, 2.24]9)
e st
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2 M= Y e

2.1 A A=

211 MDF

A ZAARE D71 913 MDFE suiit 2)7chaui(Pitch pine (Pinus rigida M.)9F 8 2215 ARE-So] A 23t 77
12 mm, H|F 0629 MDFE A =7 ¥ Zgol ARgsteitt

212 Q= 9 Ao

AREE AEROAA 4G9 G| T2 o]&51 QI HMAH9| bisMCT/MCTA|¢] Red H-E3B2} bisMCT/MCT/
vinyl sulphone7|2] Red RB 133% 13-/ 25 ARSIith AFEE o] $57 9 78 5AL Table 13} o). SHIUESR,
EHHIERLS 13 AOFS |2 AR89 SogpingAl= 2014 SNOPOL SR-140(Snogen Co.)<, FixingA| 2+ o] &4
] SUPERFIX RF(Snogen Co.)E AMg-3}ith

2.2, A

221 AR e

MDFE R E| o] 49 50x50x12 mms. Aokt MDFo 250 mi o] 222
F P48 U)ol ola) 587k 2l ke 300 me] AZEloz ofzhil

o :(ﬂ.l
r\l
_?L
_&
TN
_?L
2
T

222. 9™

A QAL Fg 13} 2 JUS B ul7o] AYHEE W11, J= SHOWF), 9u] 150, NaSO, 50 glL, NaCOs
20 gL, B0Co|A 805 7|1 x7 0w Z1zte] M) 2L AEsi 94 xAowE AR W70, 1, 3,57 %
10%, OWF), N&:SO, H7}2K0, 10, 30, 50 @ 70 g/L), NagC03 A7}K0, 2,5, 10 @ 30 g/lL) 2 FA] L(60, 70, 80 I
C)E ejslo] QA &, 497 (Soaping) S 9] 1:50, 44| H71% 1 gL, 0T oA 1087+ A2 & S:xjsig o,
THFixing) A el otu] 1500] 4 A Y7k 2%, OWF), 60Co|4 2087F He] & A5t

223 GBAGY NEAZ

A28, 0 8 SIUALE S| ST NS 269 WYl o AR GUT NGl Gt
$%0| FR4E A7Isto] 28 WAZIR 287 HeIF F whatmen of 3 AFgto] ofakh F 50T SR ehAlste]
LESTER

224. 1_\14 ‘_E‘k] ix%

A ABALR] A Mindta OM-3800d (Jpan) S AR§alol Z4al9lon], Qo] mhe WAk 54 A4 Al9AE
o ek A1 T A9 ZARE] AR S ZAUTE Lr, o, bro] Ho| el AEolsch KISEES 217+
AW Azo Y HARS 243 3 ohea} 22 KubdkaMunkAlo| o] At&sglch

KIS = (1-R)%2R
K : Absorption coefficient, S : Scattering coefficient, R : Reflectance coefficient

225 4% Az P7}
77ke] Qmol] o) AME 4T Axd AE0) A AREl ZAYSA AE/I(QUVISP, USA)E o]881%] UVB-313
B, 2 067 Wi, £ 50Co|A UHAIZH A4l 2AAE H5o] CIELAB 4 B7ho4le] A2z #rlsisic.

3.2yt u¥
JH R ot *“Eifvﬁl oo gae WA wreAdR F ASE oA B SR AR Ml T
(Phase A)oF 9] BHE7|(F2 H9EE7|Y SRRERORIZ))S} AER A $4b|9ke] Ato]of ofd2 Aty 22
Aol P45 B(Phase B) Y Phase Bol A 32482 fr=sk7] 9ls) 71t &2elE AlAst] 7h2aiu A2l
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2 QRS AASH| et AlA 9 nATH(Phese O o 2| ULHCIBA-GEIGY, 1900). W4, 2}

W A gah 2200] ket GAAolE Xl glek. weby Grol Shte] AHA0R GRS ARO) i, ABR o A0}
9] o & 7he] A7) 22l yhike] kst #%-(Donnan potential) B4 Hel FALIEGS] HrN, Ue] Zuf2A
a4 MBS s H7RES-S FAA1717] 918 A7hsHs BARTER O] A7l W ukea Hejdme] dashe Que

=

/3-& Phase AollA] Adfok 84 FA7H] ARl 2%/ (Subdantivity)©]
H 4 e ARFE AAel7] wie] EHol X3EA He sk o)
BisMCT/MCT # ¢l H-E3B¢} BisMCTVSAIQl RB 133%9] RIS/ d a2z A 52AM4RE dAaT off 929 s o
At Mk Table 29k 2ok WA A ZAARH(=T © Contro)t A=E A7IshA] ¢l 4% GMAE T A4
AR AAE 02 D 04YE O] ARFA(YR)7IH)7} Qi A4S Uehla Qlck E5 thzol| Hlsl 7t 71
A FUT AMAE o A FEAMRE 7t AEEER 8 BEt Ak Awrt ot Skl e, Maprt
388 0|2 PAE MAkLe] ;14(NBS: Nationd Buresu Standard) of wEw “gpprecisble’ (43} 3.6~6.0)0) sgHch.
H-E3B 959 4% 1%~10%°] 4& skof 2 A2 02R~26RE AF=olAl= AZHRP)ol 71712 Aol A FE=7}
ORA Y Hrh 2] MAS UEhlct. B oA A SRl T HAARY] MAks 469~5630.8 A sRolAw
T43] F7hetR o, 5% o]4e] FEollX= AY Atel7t ¢t BisMCTVSARI RB 133%9] A4S HE 5% 1%}
10%0| A= Z+7F 0.6RT} 0.7R, 9.6~10.0RPZ 72| AMo|| 7}71e- HAMo 2 HRE Erof w2 Akl xfo]x= 9] ¢igich
HhHo] M3= 38.6~55.72 @R w27t SRt wet S7kshs AEE vEha Qick
R d R dasee] e @S Fg. 29 2k H-E3B(Fthebgd 540nm) 2t RB 133%6(2] w4 530nm) 2] F2ka-S
AR w7} 1%0A] 10%= 2715l wlal 2718ttt BisMCT/IMCT ARl H-E3B¢} BisMCT/VSAH|2l RB 133%2] K/S=
BE 98 FEolA H-E3B7} RB 133%Eth =3t webs Sishs Al we 243 dgd A7tegs 248 Zavt
AE Aoz AAE, F= 1007 $=7F S716HH 2o ZMo] 7ike: e 92 4 S Aoz A
Aro] EE deEjote] dMe YA foll tall 2= 0.67 Wm', &= 50T oA YAAIZE Zpe A 2AbAE] Ao
ALZ W W GFAR e Fg 3T 2 Rl o3 AMetA] o2 MDFE-9] EAMGE A4 9| Aol os) Mart
A Yehuhs A& 218 4= ASieh webd GAeE A S48 Al ofgt Mol dRAkAY] gk AR dEel
Ofgt ZARJAA] FEE = QAT ] AAAFo vl Aol S MR7E v 2A Leryttr BisMCT/MCTAIQ] H-E3B2}
BisMCT/VSA]2l RB 133%29] K/S= WE 97 HwojA] H-E3B7} RB 133%M ) &okon, 294 RAje] n}2 Maps
H-E3B7} RB 133%Xit} wro} zoflo] ot WAl Afdw Hep ofost Aoz AZHrh &3 MCTAQ H-EBBHE=
AR w7l koldsE My} 74 i, H[dLE7])7F 235 RB 133%= A7 thad AR AgS e

g Rl ot MERoAA o] H4
Wi Fasith MERQA A5 HHo
AR W7k AR HRAlE 8900

N

3.1 9Rol Bt Quy W AR
%
o

T g

i ot

&

3.2. B9 F&=&F AMA

AERAE ¢4 BolAe S8R shHE L, AR E3F AR = Rt Azt A7l vz Q1)
HE7F AR RY M) F2E WA Hol A3]4do] BTt o]F ZAIsk7] flste] d&o A(Sdt)& H7telA
W AA(Sdting out) TR Q18] PR 9] Hto] Lo]a|Aitt. BisMCT/MCT 72 H-E3B¢} BisMCT/VSA 2l RB 133%¢]
R o3 A SAHRE HAT o) NapSO,.2| 710, 10, 30, 50 ¥ 70 glL)o wE At M-S ulwgt
A3}, H-E3BS} RB 133%9] 259 g8 W& d& M7F6kA oot oo A= 4819 4158 22 wqich et g9
H7lepo] 271842 Mxe AX o, H-E3B7} RB 133% Rt} RE H9] HAyjszoA] 2 Maghe el

HHAERY] Fo] the @RS Fg. 49 2ok 2{theby 540 nme] H-E3B} Z|thub 530 nme] RB 133%9] H2kk2
A F=7F 004 70 gL F7tete] wet A F7lekslth H-E3BY KiSe 2E 9] X0 RB 133%Eth =3t

Aol HrhgEs Fejste] A A A Hfoll dell 2= 0.67 W', 25 50CoflA] AAITE ZefAd 2] 259
Az wae YA L BE Ho] =roA BisMCT/MCT7Q] H-E3B7} BisMCT/VSA|2l RB 133%k.t} 9F5aHic).
H-E3BHE= 99 37Fgel $7ka5 Mt asiqlen, RB 133%w 30gL7HAl= o7t S718kgl oLt ol%oll= Hadhe
Ao RHE 50~70 gLo HY 7Pt anHY Aow Ak
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3.3, BARIESS) B/let GA4 W udsE
Wg ol o AE2 0 48] GHS WA WYL MER oA HHle] AT T HGURE st B
(Phase A)E At AR WS7|(FE WESE/| SRREobAY)2 ABE 20 SAb]9ke] Aol od|2 A
2o ATl FHEE DA (Phese B)ol OJ3) R DA, o] M-S G| T]o] O3 HSEu] MCTAL Hay
X22g(Nudeophilic substitution : SN2)e| 3], V'S A= 1314 37hs-S(Addition reaction)o] o} o] 2ojict. o] 152
£71517] 91341 Callulose(OH)NS Cellulose-(O)nz2] o] 231 £21317] 93] 98| pHE delyoz Ausr] 913
SARFERS A7t A @NTY 2 BAES H71] 1 @82 pHi Teble 33 2k P9 FRO| T2 pHE
A9l Aol7t glolch. @8 9] pHE BAIEFES A7bs] AL 43~45 AES SASIHL SHUERS Ko
QU3 ez ASHE|gom, skl Wobd4E pHE 95~1082 obAlt.
BisMCT/MCT 7#¢l H-E3B¢} BisMCT/VS7A ¢l RB 133%2] HHS-A o go] olaf A4 ZANSS dMs uf dzte
A7FH0, 2,5, 10 & 20 g/L)of whE AAN M2 v wdk Al H-E3BQF RB 133%9] 2% g8 BT BN ERS A7I5HA|
Al
°

“1

ehoks wo) MR 46,07} 1875%t). 53] H]ULEA A RB 18%G Rt TAIESS H7I5HA god e
o207 Yekek Tt @ BALEES A7iste] pHot detelz AEE 2 gLl ARt 2 St
7 ol4e] A7k F7Me] uhE Mol Hol A2l Qg

WA RS 9e] o] U2 JAFE Fig. 59 L. HE3BSL RB 133%9] A2iake Ajxjet Ao) Ze AFow
EMRHIER O] HUKF 2 glLold 2A FVIstAou 11 oj4ke] Al A9 o7t qlgl

Sele] kS elelo] QAT AN RO el 25 067 Wi, £ S0CIA LA A9IH A2 A5
AR v)agk A EE BisMCTMCTAQl H-E3BYR Y| 49 2e]o] 7ol S7Ha8 M7t sty o,
BiSMCTVSA|¢l RB 133%t= 5 gL o4} H7tell Al A9} Xpol7k gloleh. webh] ehbEES] A7l pH 10& fA13H:
5~10 glL7} ZA3 Aoz yzier

3.4, B4 29 A4

W 27k RolA Hi dREA) SEAUAZE F1ee] AR AREES F7IN7IT AR
o, Ak 93-S |24 ok BisMCT/MCT Aol H-E3B2} BisMCT/VSA ¢l RB 133%2] 1k
%‘@ 2 QN o) YA wel uHE M4 MAES PES AT, HEB YR A9 2w g 4 %

60C ol A= H2HRP)O| 7H7he- AAoA] 27} wofAH Kok 29 Aol 717k A(ck. Bhd v A A £2 ‘“T"r°ﬂ 21y

AAAG-o] M= 52.8~56.00.2 60C 4] 80C7HA= S7takol o, 0T oA 238 74ateict. BisMCTVSAIQ
RB 138%0] AARS 98~O9RP= 70] Halo] 7ke AR R Lo T2 Hfoliz 79| glgitk. vhele] A 491~5472
L7k Z7Kbe] wheh aste A4S Uy gk

2% A AR o] H2FEES Fg. 63 Zth 21aA] X EHH-(Nucleophilic subdtitution : SN2) of oJ&f F-2gto]
BisMCT/MCTA Q] H-E3B f+= =7} wobol wiet Aol S7stctzt 80T A thA] Zhashgiet. W8l 2| ehah-g-at
B2 (Addition reaction)o]] €)%+ BisMCT/VSA|¢] RB 133%%= 60~70C7HA]&= A9 Hdat da=ks vely o), o]&

dastlek ol Aol S MEROAA U YU TANGH /1l WHg0] £A0] Lol g, Lo
Aol Ofs) TS S BrHs R4 BhS S5t 2] gitoleta AzkEc weby gl et H2e] L& 2 go]
%2923, H-E3BX= 80C7}, RB 133%°§§t 60~70C7} AAs}qr).

5. 29} A Aol G

SRR S50 ] f5el At 2 A Bl A SoR ASES Al PRloz 49k
el Qlek web nlna G AT SIs) BATH A 4] £ 29 uAE AESte] AT ER natE PnE
Festel ofal Agolo] ARt Gl v sl ol WAjsh $I) MR Aol & ofoley TS
AFgate] nAAe gt mhebd QR WS ghe AR Aol i) AR SI(OWR), o] 1:50, NaSOs 50 gL,
Na&,CO; 20 glL, 80C o)A 708 A8AZI3 5 TA] Aak AAALG9) Alkel, ok 150, £5-%4) A7k 1 glL, 0Tef]
1057F A2 A AR A 8 AR AH A2 ou] 150K 1A H7HaF 296%, OWF), 60CoA] 2087
DA 5 A ARG AHE Bl 2ok Fg. 73 2ok GRS A/IHA Sk SAS A9 Hel B nAHES
o Aol Tt 22he) HelFe] MR 259 AR R 050lshe n|5e] @ALE APRte] 74(NBS: Nationd Bure
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Stendard) of w27 “trace’ (417} 0~05)o] aFelch. w3k whSA] H-E3BS} RB 133% PR Q4T & 443 44459
AAFo. 7bzk 18R 100RPY.OH, A0 gl 16R¥} 9.90RP, 12423 16Ra} 10.0RPE 79| 2to]7} glgich.
T3 259) HAA MHEAARE AHA 2973 TRH o] B2 ABAREG] de) QHAT ARl 242 Ao
AR RE RAHEE 259 AR BE A9 Fol7 gk

4 2B

27| aU 22 A 235 JMDFEEE A2 2G| tisf A2A 2] bisMCT/MCT A2} bisMCT/MCT/ Vinyl sulphone
AQ HHAHER A AR s, 99 VK, dEe b, QAT ThE QAEA 2 URHEEE AR A=

o3} 2},

HMDFO] A4S 1HS4 H-E3B R Qi 1~10%0]4 QAst QA AA9-0] MRS 02R~26RE A5 o]
A MR 771 Aol 57k ot wek M LrehRolck vlea) A 2R thak GARe] Ak
459~563°.2 A FEANE 23] S71el9o, 5% ool SEAAE ) ol7) ¢loict BisMCTVSA 3l RB 133%
o AFe QR S 3%9h 0] 4 96~100RPE A9 Zlo] 7pke MapHo R dR FEd uhe el Aol A2
AT 239 UR BE Qaswst S ne gk Slelgon], BE YR BN H-E387} RB 133%k)
KIS7H 9k Aol ZAbel) nhe Alxs H-E3B7} RB 1330wt} v} 2jeldlo] ofat wsl Aakilo] msieirt.

H-E3B 9 RB 133% @R 25 QA SHIESS] H7go] 371845 A2 W KISE Z71sig.00, A4l 2442
AT MR vlne ARAREE st weby @9 WrhEe 50~70 gt AAT AR AzkE,

H-E3B 9 RB 133% @& 2% AMA] BEES H7Iste] pHYF ez Hgd 2 gllolA Azt 9 Kis7t =27
S7IFA e 1 o] A7k SkelAlE AL Atol7t §ilth HEBHRE S A9+ AHQA AR Y A9 M7} dzie] 9]
A7Vgol S7VdE Fastgl o RB 133%: 5 glb o4 A7ollAl= A9 Ato|7t gloith wheby] SAEF 9| 7t
pH 10& A8t 510 gLvt 283 o2 gzt

H-E3B Qi @4 257} 2olgo] ufel @atego] Z7ksith7h 80CAA ThA] k23 Wil RB 133%% 60~70C 714
7o) FA% QS Uepl o), olF ztaskgirh wehA H-E3BL 80T, RB 133%% 60T/} 44t Aos wtgh

il
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