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Abstract: This study investigated the dyeing properties, color characteristics, and fastness
of recycled polyester fabrics dyed with anthraquinone-based primary color dyes (Solvent
Yellow 163, Disperse Red 86, and Disperse Blue 54). Dyeing was carried out at a total dye
concentration of 3% (o.w.f.) with a liquor ratio of 1:10, and benzotriazine type light fastness
enhancers were added at concentrations of 2% and 4%. The results showed that dye com-
binations with a higher proportion of yellow dye exhibited higher K/S values and superior
light fastness. In particular, the Y:R (Y2:R1) combination achieved a light fastness rating of

'Corresponding Author: Sejin Choi grade 3-4 under 126 MJ/m? xenon arc exposure with 4% enhancer. Abrasion resistance,
E-mail: sejin@pusan.ackr washing fastness, and rubbing fastness were generally rated above grade 4, indicating

excellent durability. These findings confirm the applicability of recycled polyester fabrics
Received September 23, 2025 dyed with anthraquinone-based dyes for automotive interiors, and further optimization is
Revised October 17, 2025 expected to enhance light fastness performance.
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£ Atol] AREEE A E2 692 glatelE Eejo|AH
AN (Lo 4 AT A0 R 1 EHS Table 13} 2.
ARE AEA A A2 Ao AEHR s
SFE g} =A] F-25 7}l Solvent Yellow 163, Disperse Red
86, Disperse Blue 54(Archroma Co., Ltd., Swiss)S Al8-3}
Act 7t A=l B4 E4 9 F2= Table 29F Zth. FAF
- F A= Sunsolt RM-340S (NICCA KOREA Co., Ltd,

2.2, EAH

Solvent Yellow 163(©]|3} Yellow or Y), Disperse Red 86
(©]3} Red or R), Disperse Blue 54(¢]3} Blue or B)2] 3¢
A ABE ARSI Figure 13} o] JA Bl 21 A &
A& AFYsIATE AL grto]lF ETo|LE A= 10ge
HH] 1:10 2ACFE 3to] FFO| & Ew7} 3% (o.wf)7}
2= 3PS Z3letet) o] 2% EAHA| (Sunsolt RM-
340S) 2} 5% H]Z/\]'(CH3COOH) A 7}Vsho] pH7}' 4.3-45
7t Hw s 2ot F, QAR E S (Fadex® TS li)s
ZYZF 2% (o.wf), 4% (o.w.f)E H7}5}¢ict. AL Infrared
Dyeing Machines(DL-6000, Daelim Starlet Co., Korea)& A}

Table 2. Characteristics of the three primary dyes (Yellow, Red, and
Blue) used in this study

C.l. Generic Molecular Nlole'cular '
name formula weight Chemical structure
(g/mol)
Cl. Solvent ©\s o s/©
Yellow 163 GeHi60.S, 42454 i ' O
o)
O NHp
oN
. CH,
C.I.RIZS%eérse CpHigN,OsS 42246 CHs
0 Mg C
02
OH O OH
C.l. Disperse N
Bluep54 CpoHi2NOg 37632 P

NO; O HH—@

Table 3. Characteristics of light fastness enhancer used in this study

=2 aleslad o H] ZALS. i
Japan)E AR5} o, Wl ZARS CH;COOH(SAMIL Co., Commercial Type Chemical structure
Ltd., Korea) A|2F2 AM&-51 T A AZ T ZZ A= Table fhame
31} ZHo| g 5o} ZA3E A ZA o A] A|332] Benzotriazine T
type®] Fadex® TS lig(Archroma Co. Ltd., Swiss)Z A}8-5}
At LA A= FAUA Sera Con M-FAS (DyStar®, Fadex®Ts lig Benzotriazine NN
Singapore)?} NaOH (SAMIL Co. Ltd., Korea) &Z2|E A} /Q/‘LN)\C\
23519k Ry Z R,
Table 1. Characteristics of fabrics used in this study
v Fabric count o Weight
) " arn spec. Threads/25 ize eig
Fabric type Composition (Warp & Weft) Weave (Threads/25 mm) (mm) ©
Warp Weft
. DTY
Woven fabric 100% recycled PET 110 90 130%x230 10

300d/96f
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Figure 1. Dyeing and reduction cleaning process profile of the
specimens.

835}0] 40 °C—64 °C(165), 64 °C—100 °C(48%), 100 °C—
135 °C(2432)9] 304 52 g2 A 135°CollA] 60:27F
YA, GA olF Az WY HEGRE AAN7]
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WS AFEsto] QS eIt M EA-2 Munsell 3
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Astol Fristgon, C'ek he g2 4] (2), 4 322 A
AT

K/S = (1 -R)*/2R (1)

1o

K: Absorption coefficient, S: Scattering coefficient, R:

Reflectance coefficient
C'=[@")*+ (b)*1/2 )
h'=tan™ (b'/a") 3)

a’: redness (positive)-greenness (negative), b yellowness

(positive)-blueness (negative)

24. =2M

Yellow, Red, Blue ¥=9] 9]z 37] 2 = ExE=
EX7] LS 13 320(laser scattering particle size analyzer,
Beckman Coulter, US.A)S ARg-3lo] A5l B4R
& 1 548 Agalglon], 280 Aol s o
5151 s(run length) 27104 HAs}g). g Re] =
& Rl span 4] (4)% olgstel AHEshaict.

(D90 — D10)/D50 4)

where,
D90, D10, D50 corresponding to the percentages 90%,
10%, and 50% of particles under the reported particle size
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6012 °C = 0= 0.5% AA| NS gof 1027t AlEk B 70—
75°Co|H 1% 5 AHAEL] WES 2 WEE 0 o] ofs)
Wy 7120l ufet 3 TRk 254 oFRAAA L of
ZAE719] Aol AlFHS 3 F 49N (500 kgf)
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Table 4. Particle size analysis of Yellow, Red, and Blue dyes

Mean. Span Dio D5 Dy

Dye

(um) (um) (um) (um)
Yellow 0.776 2714 0.284 0.501 1.644
Red 0.442 1.322 0.257 0.326 0.688
Blue 0914 1446 0.336 0.833 1.571
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Figure 2. Particle size distribution of (a) Yellow, (b) Red, and (c) Blue
dyes.
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Figure 3. K/S values of recycled polyester fabrics dyed with 3% dye
combination concentrations.
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Fof g AiFor & PRV Wol #ixstal 5= &

et

gtoz HANSH 2|AIO|2 Za|oAE XIS

ste A= A4 *FQEW- pLECA

L lgEe 2eE S
o, hE Q) FFRL rEe A BAgR SUE o
2 5] ¢

o] 3t Ol Z QEGH=A EAEEE 53] As

7170 B Wt o] R%LEJL
B TR AREEIL glom, SWE dRe
o7 ZalAE/(PS, PMMA, PVC, ABS), =&, 9]¢l
Ao] =2 S-gEIL QLo StEF=A SHE ?3
UEH = TS HAE 7HRA AL §lo] =2 WEAEY
WEEE HoR sk EPjo2E 59 A/ aMo=
AFE-E] 1 9)}H[28,29].

Figure 32 48223 5= 3%2 2H7| M= K/S &<
eRH Ao|t}. K/S 42 Y1:B2 (9.28) < R1:B2 (9.47) < Y1:R2
(10.79) < Y2:B1 (10.99) < R2:B1 (11.42) < Y2:R1 (11.73)2]
0 2 R2:B19} Y2:R19] K/S Fho| =4 Yelct. E3h,
Y:R (Y1:R2, Y2:R1)Z} Y:B (Y1:B2, Y2:B1)Q] &5 Z3}o]A]
+ Yellow F=7} =45 K/S gho] =4 Yebsien, RB
(R1:B2, R2:B1)9] %3lof|Al= Red?] 27} =242 K/S
#rol = YTt 53] Blue €79] o] =2 Y1:B2
o} R1:B2 A|29] 7%, Blue = E2fol|AH A/249

_\; rlr JN' rﬁ



QrESTIA 394 PRE QA BlxtolF Belol e HE Gay, 454 W A= | 315

Table 5. Colorimetric data of recycled polyester fabrics dyed with 3% dye combination concentrations

Dye combinz.a\tion CIE L*C*h°system Munsell A
concentration o o o o
(%, o.w:f) L a b C h° hue colors
Y1:R2 49.79 59.90 36.64 70.22 3145 7.5R -
" Y2R1 5464 53.36 50.33 7335 4333 10R 1
Y1:82 3477 -17.04 209 17.17 173.01 10G -
" Y2:B1 4053 -15.57 2413 2872 122.83 6GY 1
R1:B2 29.09 840 -22.75 24.16 290.27 7PB -
" R2:B1 29.54 21.16 -15.06 2597 324.56 8P 1
YRB Y1R1:B1 3263 7.16 371 8.06 27.39 8R Z

E o A2 7HA7] fléllAl= 2 &3t hydrophobic
interactiong 7}Aof $th= H1otE A X|SH}{30].

Yellow, Red, Blue 3 £5F2] %302 oMSE Y1:R1:BI A]
29| A4 339 dR7F FAI AR ot = =27,
i 9 3lef Lz 0] zpo]7t BatA o2 2gsto] T E X
T AEET BT AEE K/S ghol 7P WA vERd A
o7 AyzheErct

CIE 1976 L'C'h® Ao A L', a", b", C* & heay F7F
o Mg =Ash= b 7P gl AR EE o L=y
71(0=H-2M, 100=31M), 2" ZFS 2 M3} =M b° 7he 3

A3k S oju] gt} C= A = (chroma)2 A)9] Az, he
= 9 FH3roA 360°9] Zto 2 MAH(hue)s FATH 0°
(B A1), 90°(3HAY), 180°(=54H) B 270°(F M) ozttt

Table 5= 39X ARE 3% L= 2Fslo] MG g
AtolZ ZejoAE HEQ L, a, b, C ¥ he gt g2
MEAJTL 32 A4 ofu| X & yEhd Aol

YR & Z3IHY1L:R2, Y2:R1)S h° ZFo| 31.45-43.33 W<
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2.3 74 ko] rgetstA 1= Sk B ¢ ' £3H(Y1:B2,
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dof fFsi, a” g 24, b g2 deE vEht H
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L _17.042 7 Stk b 3RS Y2:R19] % 23| A
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Figure 4. Light fastness of dyed recycled polyester fabrics according
to dye combination and light fastness enhancer concentrations.

YR d& ZFH(Y1:R2, Y2:R1), Y:B A& Z3FH(Y1:B2, Y2:B1),
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HE 2= Y2R19 ZFoA dFAR e SXAE
2% H7FetS A 39, 4% 7SS 7S 3499 =
< W3S UER AT VB dEEqtoAE Yellow ¢
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2o A 10 g2 1:10 HH| Q] 27104 2% A (Sunsolt
RM-340S) 0.7 m/, 5% % ZAHCH3COOH) 0.4 m/, StE &}
=125 7 1Y 39 dRE 26| 3%9]
7b HEE g § YFAHE F7A (Fadex™Ts liq)S 2%,
4% (o.w.f.) o] 135 °Cof|A] 6027F FATH & £4] 1:10, &
Z+2] NaOH 2 g/I, HA)| Sera Con M-FAS 4 g/I-8Ho]| 80 °C
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Table 6. Fastness properties of recycled polyester fabrics according to dye combination and light fastness enhancer concentrations

Dye combination Light fastness enhancer Abrasion Washing fastness Rubbing fastness
concentration concentration N —— al
%, owf) %, owf) Materia Cotton Wet Dry
2% 4 4 4 45 45
Y1:R2
VR 4% 4 4 4 45 45
' 2% 4 4 4 45 45
Y2:R1
4% 4 4 4 45 45
2% 4 4 4 4.5 4-5
Y1:B2
VB 4% 4 4 4 45 45
' 2% 4 4 4 45 4
Y2:B1
4% 4 4 4 45 4
2% 3 4 4 4.5 4
R1:B2
4% 3 4 4 45 4
R:B
2% 4 4 4 4 4
R2:B1
4% 4 4 4 45 4
2% 4 4 4 45 45
YRRB Y1:R1:B1
4% 4 4 4 45 45
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