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Dyeability and Color Fastness of Optimal Reactive Dyes According to Linen Fabrics

Ssanghee Kim, Hyesun Hwang, Hyejun Yoon, and Euijin Shim'

Advanced Textile R&D Department, Korea Institute of Technology, Gyeonggi do, Korea

Abstract: In this study, we constructed a database of dyeing concentrations of all reactive dyes used for dyeing linen
according to the thickness of the linen fabric and attempted to improve the reproducibility of the dyeing process for the
commercialization of linen fabric materials. Linen fabric is a natural cellulose material that is comfortable and suitable for
eco-friendly trends. It is a typical summer material with excellent breathability and thermal conductivity, quick moisture
absorption and dissipation, and a cool touch. Dyeability and fastness were evaluated depending on the thickness of the
linen fabric using a monochlorotriazine (MCT) reactive dye and bifunctional yellow, red, and blue dyes. All three colors
of the MCT reactive dye and bifunctional dyes exhibited a darker shade as the fiber thickness of the marker increased.
Fastness to washing was excellent at grades 4-5 or higher, regardless of the color of the dye and the number of linen fab-
rics. Although some color-fastness differences were noted, with the color change occurring most frequently with blue
color, the fastness variations with dye type were mostly similar. The results of this study are expected to facilitate the
selection of reactive dyes according to the thickness of the linen fabric based on the basic data from the laboratory, which
will aid in the mass production of linen fabric and benefit the fashion industry.

Key words: linen woven (7} &), fabric count (1<), reactive dye (H+8-4 9 &), dyeing (§4), colorfastness (2| %)
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Liang et al.,, 2021; Liu et al., 2008a; Liu, et al., 2008b).
Fdsty Ay HAEANSY ue} T A Bl
TEA ZEnY Fdlelghs WASE A=, 2P, +E, 9
2 5 Ut FulE 2k sl A 'Y A A
Holx glon <lHEe] ¥ AEALF= HEET Ark(Cho
& Kim, 2018). o]2{&t ndf= 783 SlElgolE gk AF
FE AR AE oA E8sl7] flsiA ook S 2
o= | I3 ol
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Table 2. Reactive dyes used in present study

Type Dye (Commercial name) Manufacturer
Monochloro- Suncion Yellow H-EL
triazine (MCT) Suncion Crimson H-EL Ohyoung
type Suncion Blue H-ERD 125%
) ) Sunfix yellow S3R
Bifunctional Sunfix Red S3B Ohyoung
type
Sunfix Blue SBR
2 2431 TRl AW ARAESE A8l 9N 48
3 BN W47} O Al A Q4 A 712 AR A}
Fahaat e,
2. My

2.1. A2 o Al
2 A7 AMEE AlEe ARERd weE =8 60lea

HE 7 AR v dEdE g9a Fee] tolguo] x 60lea, A8 40lea x 25lea, Q1B 01E- 14lea x 14lea® 2 3F
2% P33 98 Y9 APYS olwA Sk EHE o AW HE2 APt 2 AR BHE Table 13} R,
o] &8 HEo ng} apdstE o] AT EEfAe Y
AHE) GAYS Avnad A 100% HES e o 22. @M
FEHE U 5 28N daEia 93 s B Ass Al HEol| 7P Age dRERYS Golry] 9ty
Table 1. Characteristics of fabric
. Fiber (%) Fabric count (thread/cm) . .
Fabric Weight (g/yd) Thickness (mm)
Warp Weft Warp Weft
14 x 14 lea Linen(100) Linen(100) 38 38 290 0.532
40 x 25 lea Linen(100) Linen(100) 60 43 220 0.385
60 x 60 lea Linen(100) Linen(100) 60 54 140 0.286
(a) MCT type 80°C 40~60min 99°C 10min
W Sodium carbonate
10min
2°C/min
I Soaping agent 2g/L
o 10 min
40°C
I Linen woven, Dyestuff, Disodium sulfate
(b) Bifunctional type 60°C 40~60min 99°C 10min
I Sodium carbonate
10min

2°C/min

10 min
40°C T

I Soaping agent 2g/L

Fig. 1. Dyeing process of linen woven fabric with various reactive dye; (a) MCT type, (b) bifunctional type.
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Fig 2. K/S values of monochloro-triazine(MCT) type reactive dyestuff
prepared at various dyeing concentration.
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Fig 3. K/S values of bifunctional type reactive dyestuff prepared at
various dyeing concentration.
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w,: absorbance of before-dye solution

wy : absorbance of after-dye solution

2.4, MM

g g 3 Mg Alse AR sxet dA8S

o] FEsg=A7] (Coloreye-3100, Macbeth)S AR5}
7 spgee] EENARE-S SAsITE A FabdoelA

o] F¥ HRERZFE AR A e KS #He T

Kubelka-Munk 2]l ©]3] &1t}

Table 3. Color strength of linen fabric with monochloro-triazine(MCT)

K_(-R
S

7R @

K : absorption coefficient
S': light-scattering coefficient

R : reflectance

25 YMZEE
FAE] AF=E 1509 Ho mEt AEHAI= (IS0
105-C10), "F2AZE (1ISO 105 X12)2 H7lsisith.

Table 4. Color strength of linen fabric with bifunctional type reactive dye

type reactive dye Color  Fabric  Conc. L* a* b* K/S
Color  Fabric  Conc. L* a* b* K/S 0.25 78.84 13.07 62.70 3.74
025 7474 2227 5751 365 l4Leax 05 7470 2161 7369 774
14Leax 0.5 69.99 30.93 66.43 7.20 14Lea 1.0 69.62 30.90 79.23 13.85
14Lea 1.0 6429  40.03 7156  13.72 20 6554 3746 7855  17.95
2.0 59.84 4526 6950  17.33 0.25 7943 1295  60.93 3.30
Sunci 025 7666 2016 5456 286 Ss(”lrl‘ﬁx 40Leax 0.5 7577 2020 7057 621
;rll]c;(v)f 40Leax 0.5 7193 2911 6470 5.86 §3on 25Lea 1.0 7169 2793 7743 1110
pplL w10 6696 3701 7177 1134 20 6721 3564 7902 1626
025 7822 1697 5134 228 60Leax 0.5 7769 1590 6611 456
60Leax 0.5 7384 2598 6228 4.6 60Lea 1.0 1337 2460 7553 9.09
60L
@ 10 6923 3365 6945 866 20 6886 3254 7730 13.10
20 6429 4099 7226 1408 025 6296 4344 1102 188
025 5216 5332 679 525 leax 05 4 5189 06l 416
l4Leax 0.5 4593 5723 292 985 lalea 1o fa3 sesT 530 8
14Lea 10 4025 5769 519 1591
2.0 4223 5783 -026  13.06
2.0 3563 5487 1116 2056
025 6426 4229 -1146 167
025 5522 5122 864 394 0s cres  ao47 09 31l
Suncion o cax 0.5 4764 5668 407 834 Sunfix ~40Lea > O ' ' ’ ’
Crimson Red S3R 25Lea 1.0 5044 5597 6.1 6.35
g Blea 10 4126 5831 269 1520
- 2.0 4501 5790 228 1046
2.0 3752 5713 805 1976
02 59 4029 1184 1.
025 5794 4850 969  3.03 > 663 0-29 8 37
cOlear 05 o4 5525 595 638 625521 x 0.5 5984 4772 1062 2.57
s0Lea 10 107 5801 009 1168 ea 1.0 5279 5400  -737  5.00
20 3894 5686 718 1668 20 481 5791 210 978
05 e 55 B0 198 025 5657 -491 2850  2.68
l4leax 05 5024 —403 2875 406 l4Leax 05 4549 -241 3314 624
lea 10 4118 195 -3149 805 Mlea 10 3623 112 -3440 1174
2.0 3291 128 3124 1334 20 2678 574 3206 1893
05 6267 529 2229 159 025 5906 -484 2739  2.18
Suncion 40Leax 0.5 53.39 _435 —2847 327 Sunfix 40Leax 0.5 49.90 -335 -30.92 433
BE‘;DH' 2SLea 10 4424 281 3077 643 Blue S3R 25Lea 10 4069 080 -3338 850
2.0 3534  -041 -3087  11.87 2.0 30.51 348 3327 1626
0.25 66.64  -633 -21.71 1.18 0.25 6280 530 -25.51 1.63
60Leax 0.5 5711 -5.10 -2685 248 60Leax 0.5 5320 382 3011 338
60Lea 1.0 4792 349 -30.11 4.90 60Lea 1.0 4338  -1.57 -32.48 6.86
2.0 3798 096 -3087  9.68 2.0 3437 159 -33.06 1261
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Table 5. Image of linen fabric dyed with monochloro-triazine(MCT) type reactive dye

Dyestuff Concentration Fabric 0.25 1.0

14Lea x 14Lea

Suncion Yellow H-EL 40Lea x 25Lea

60Lea x 60Lea

14Lea x 14Lea

Suncion Crimson H-EL 40Lea x 25Lea

14Lea x 14Lea

Suncion Blue H-ERD 40Lea x 25Lea

60Lea x 60Lea

g
o

Table 6. Image of linen fabric dyed with Bifunctional type reactive dye

Dyestuff Concentration Fabric 0.25

14Lea x 14Lea
Sunfix Yellow S3R 40Lea x 25Lea

60Lea x 60Lea

14Lea x 14Lea

Sunfix Red S3R 40Lea x 25Lea

60Lea x 60Lea

14Lea x 14Lea

Sunfix Blue S3R 40Lea x 25Lea

60Lea x 60Lea




806 Y SSIX] A24H A6Z, 2022+

100.0

80.0

ﬂ‘*‘*‘ﬂii

Ak
e 2 R R R ]
-

Exhaustion (%)

—e&— G60Lea*60Lea
~=&==40Lea*25lea
coomeee 14lea*14lea

30 36 42 48 54 60 66 72 78 80 80 80 80 80 80 80 80 80
Temperature (°C)

(a) Suncion Yellow H-EL

100.0
80.0
g arAT Ak Ak
) Ll
S 600 - ..---,."
S ""..:;:i* *
£ _z}.:_‘_‘_n N
4 wk
< 400
5
200 —e— 60Lea*60lea
~--&=--40Lea*25lea
weeemees 14lea*14lea
0.0
30 36 42 48 54 60 66 72 78 80 80 80 80 80 80 80 80 80
Temperature (°C)
(b) Suncion Crimson H-EL
100.0
...lll’.lll'l
80.0 akAkAckAd
S
=
2
%
3
©
£
x
fn]
—@— 60Lea*60Lea
~-=-&=--40Lea*25Lea
«oolee 14lea*14lea

30 36 42 48 54 60 66 72 78 80 80 80 80 80 80 80 80 80
Temperature (°C)

(¢) Suncion Blue H-ERD

Fig 4. Exhaustion properties of monochloro-triazine(MCT) type
reactive dyestuft’ with various linen fabrics.
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Fig. 5. Exhaustion properties of bifunctional type reactive dyestuff with
various linen fabrics.
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T R 98 2 s ghs YERle U MCT type
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Table 7. Washing fastness (KS K ISO 105-C10, ISO Standard Soap 0.5%, 40C, 30min) of monochloro-triazine(MCT) and bifunctional type reactive

dyestuff
Staining (grade) Color Change
Acetate Cotton Nylon PET Acrylic Wool (grade)

14Lea x 14Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5

Suncion
Yellow H-EL 40Lea x 25Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
60Lea x 60Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
' ) 14Lea x 14Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
Sum“;_r[‘ ECL“mSOH 40Lea x 25Lea 45 45 45 45 4 45 45
60Lea x 60Lea 4-5 4-5 4-5 4-5 4 4-5 4-5
14Lea x 14Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5

Suncion
Blue H-ERD 40Lea x 25Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
60Lea x 60Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
14Lea x 14Lea 4-5 4 4-5 4-5 4-5 4-5 4-5

Sunfix
Yellow S3R 40Lea x 25Lea 4-5 4 4-5 4-5 4-5 4-5 4-5
60Lea x 60Lea 4-5 4 4-5 4-5 4-5 4-5 4-5
14Lea x 14Lea 4-5 4 4-5 4-5 4-5 4-5 4-5

Sunfix
Red S3B 40Lea x 25Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
60Lea x 60Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
14Lea x 14Lea 4-5 4 4-5 4-5 4-5 4-5 4-5

Sunfix
Blue SBR 40Lea x 25Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5
60Lea x 60Lea 4-5 4-5 4-5 4-5 4-5 4-5 4-5

Table 8. Rubbing fastness (KS K ISO 105-X12:2017) of monochloro-triazine(MCT) and bifunctional type reactive dyestuff

14Lea x 14Lea 40Lea x 25Lea 60Lea x 60Lea

dry wet dry wet dry wet

Suncion Yellow H-EL 3-4 3 3-4 3 3-4 3-4
Suncion Crimson H-EL 4 2-3 4 2-3 4 3
Suncion Blue H-ERD 3 3 4-5 3 4-5 3-4
Sunfix Yellow S3R 3 2-3 4-5 2-3 4-5 3-4
Sunfix Red S3B 3-4 2-3 4-5 2-3 34 34
Sunfix Blue SBR 3 2-3 4 2-3 3-4 3-4

WA R #700] e ARs] A BE JolE red7h
7 Atk 28] 3, bifunctional typeS 2 G2 Al Al F&
o] Wrol w2 Ary] A4S MCT typedt "RIVIAZ #7]
7t FEFE O Xg ZEo] A ke vERT
32 . ¥= 8% 7S 5
Fig. 4= monochloro-triazine(MCT) type, Fig. 5+ bifunctional
type W4 9E yellow, red, blue® FA3F AH=8E 60lea x
60lea, A& 40lea x 25lea, 2ENZ]o1E- 14lea x 14lea A ]
Bl i3t §2 7158 Dye-o-meterS ARE3l] 2A|7to = =
FE F AT BAol W EER AER
2 RS G we Felet fAksAl ekt 1A 1214
o7 IYPE] v dEZH ¥ woe 1A R &
217 F2o] dojubal MCT EH1e] 73 80+, bifunctional

P 7% 60l BREFS H7FRS W 23k §X10]
Aoz A8 EIE 4 AU, (Park, 2008).

monochloro-triazineMCT) typeS] 73-9- A/del w2 F31&
ol yellow?} redAl B2 Akl W F3
Yom, bluee] 7% 60lea x 60leas] ) Fxl&o] 93.3%=

[o

p
o
o

o
:(>~
=
EL
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T 22 FEE Bl M REE &, AR 717
FETE O 7 AGS veR AgAT At fARIEE
(Khatri et al,, 2014). °]|8g A= A7 F717F 2575
Aol A FRA 0] faste] e wEE GAFE o g

RS YelE Zlog AdEthKang et al, 2001).
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Table 9. Image of linen fabric after fastness test with monochloro-triazine(MCT) type reactive dyestuff

Fastness Color fastness to washing Color fastness to rubbing

Fabric Color change Wet Dry

14Lea x 14Lea

Suncion Yellow H-EL 40Lea x 25Lea

60Lea x 60Lea

14Lea x 14Lea

Suncion Crimson H-EL 40Lea x 25Lea

60Lea x 60Lea

14Lea x 14Lea

Suncion Blue H-ERD 40Lea x 25Lea

60Lea x 60Lea
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Table 10. Image of linen fabric after fastness test with Bifunctional type reactive dye

Fastness Color fastness to washing Color fastness to rubbing

Fabric Color change Wet Dry

14Lea x 14Lea

Sunfix Yellow S3R 40Lea x 25Lea

60Lea x 60Lea

14Lea x 14Lea

Sunfix Red S3R 40Lea x 25Lea

60Lea x 60Lea

14Lea x 14Lea

Sunfix Blue S3R 40Lea x 25Lea

60Lea x 60Lea
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