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Eco-friendly Water-based Decolorization and PET Depolymerization for
Effective Recycling of PET/Cotton Blend Fabric (I)
- E-type Disperse Dyes and Bifunctional Reactive Dyes -

Jun Kyu Sung’, Sung Hyun Kim’, Won Jun Lee, and Jung Jin Lee'

Department of Fiber Convergence Materials Engineering, Dankook University, Yongin 16890, Korea

Abstract: Decolorization of dyed PET/Cotton(P/C) blend fibers is a critical pre-treatment
step that can significantly enhance the efficiency of chemical recycling of post-consumer
PET/Cotton blend textiles. However, conventional dye extraction methods typically involve
high-temperature treatment with organic solvents, which are costly and can generate toxic
gases, leading to secondary environmental issues. In this study, we present a more environ-
mentally benign decolorization method that substantially reduces the use of organic sol-
vents. Decolorizing solutions were prepared with agueous solution of sodium hydroxide

"'Corr.esiponding Author: Jung Jin Lee and sodium hydrosulfite and adding acetone as an additive. Using this solution, P/C blend
E-mail: jjlee@dankook.ac.kr fabrics dyed with 3 disperse dyes and 3 reactive dyes were decolorized. Under optimized
) conditions, over 98.7% decolorization efficiency was achieved. When the decolorized P/C
“These authors contributed equally to fabrics were subjected to a subsequent depolymerization, the cotton component could be
this work. separated and the PET component was depolymerized into terephthalic acid (TPA) mono-
mer. The TPA yield from the decolorized P/C (77.5-80.5%) was significantly higher than that
Received July 8, 2025 from the dyed P/C (55.1-68.5%). These results demonstrate that effective aqueous decolor-
Revised August 5, 2025 ization can substantially improve both the environmental and process efficiency of chemi-
Accepted August 6, 2025 cal recycling for dyed P/C blend fabric.
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Scheme 1. Hydrolytic depolymerization of P/C for separation of cotton fiber and recovery of TPA.
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Figure 1. (a) Dyeing profile of P/C blend fabric and (b) decolorizing
profile of P/C blend fabric.
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Figure 2. Absobance of disperse dyeing liquor before and after
decolorization with NaOH (10 g//) and Na,S,0, (10 g/l); (a) C..
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Table 1. Classification and chemical structures of disperse and reactive dyes used in this study

Dye Type/Reactive group Commercial name C.l. generic name Structure
~OH §
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o]
O NHp
Disperse Red ©
pel E Synolon Red EN-F 01 C.l. Disperse Red 60 O‘O \©
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Figure 3. Absobance of reactive dyeing liquor before and after Figure 4. Absobance of mixed dyeing liquor before and after
decolorization with NaOH (10 g/) and Na,S,0, (10 g/l); (a) Cl. decolorization with NaOH (10 g//) and Na,S,0, (10 g/l) with or
Reactive Yellow 145, (b) C.l. Reactive Red 195, and (c) C.I. Reactive without acetone (10 ml). (a) C.l. Disperse Yellow 54 + Cl. React|ve
Blue 222. Yellow 145, (b) C.l. Disperse Red 60 + C.I. Reactive Red 195 and (c) C.I.

Disperse Blue 56 + C.l. Reactive Blue 222.
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Table 2. CIE L'a’b’ values, color difference, K/S and decolorization efficiency of yellow P/C fabric before and after decolorization
Amount  Concentration CELa"b’ Color Decolorization Color
Sample of of NaOH and . . b AF? strength officienc change
acetone Na,S,0, L a (K/S) y 9
Yel_control - - 746 14.0 62.6 - 6.2 - -
D_Yel_0_1 19/l 84.1 27 757 197 1.002 83.8% -
D_Yel_0_2 249/l 88.2 -19 185 48.8 0.296 95.2%
om/
D_Yel 0_5 549/l 899 -3.1 10.6 56.8 0.135 97.8%
D_Yel 0_10 109/l 90.1 -29 87 58.6 0.108 98.3%
D_Yel_25_1 19/l 84.7 22 313 349 0.767 87.6%
D_Yel 252 249/l 893 -3.7 138 539 0.199 96.8%
2.5ml/
D_Yel 255 59/ 88.8 -24 9.0 578 0.137 97.8%
D_Yel_25_10 109/l 90.0 -1.8 6.0 60.8 0.085 98.6%
D_Yel 5_1 19/l 849 20 32.1 344 0.784 87.3%
D_Yel 52 249/l 873 0.1 19.8 46.7 0332 94.6%
5ml/
D_Yel 5.5 54g/l 90.1 -2.3 8.0 59.0 0.103 98.3%

D_Yel_5_10 109/l 90.0 -19 6.6 60.2 0.09 98.5%
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Table 2. Continued

Amount  Concentration CEL"a"b" Color Decolorization Color
Sample of of NaOH and . . b AE? strength officienc chanae
acetone Na,S,0, L a (K/S) y 9
D_Yel_10_1 19/l 85.7 1.2 30.6 37.0 0.688 88.9%
D_Yel_10_2 249/l 889 -23 16.0 514 0.229 96.3%
10m/
D_Yel_10_5 59/l 89.5 -2.2 84 58.5 0.115 98.1%
D_Yel_10_10 109/l 90.2 -1.9 64 604 0.08 98.7%

°AE : color difference with control sample.

Table 3. CIE L'a’b" values, color difference, K/S and decolorization efficiency of yellow, red, and blue P/C fabric before and after decolorization

Amount Concentration CEL a"b" . Color o
AE Decolorization Color
Sample of of NaOH and . R b AF? Strength officienc chanae

acetone Na,S,0, L a (K/S) y 9
Dis_Re_Y - - 746 140 626 - 62 - -
D_Dis_Re_Y 10ml/ 109/l 90.2 -1.9 64 604 0.08 98.7%
Dis_Re_R - - 50.8 535 30 - 58 - -
D_Dis_Re_R 10m/ 109/l 87.3 13 5.1 639 0.06 99.0%
Dis_Re_B - - 38.1 59 261 - 96 - -
D_Dis_Re_B 10ml/ 109/ 854 -29 -0.8 53.7 0.1 99.0%

AE : color difference with a dyed sample (before decolorization).
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