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Eco-friendly Water-based Decolorization and PET Depolymerization for
Effective Recycling of PET/Cotton Blend Fabric (ll)
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Department of Fiber Convergence Materials Engineering, Dankook University, Yongin 16890, Korea

Abstract: This study aimed to enhance the chemical recycling efficiency of P/C blended
fabrics dyed with three S-type disperse dyes and three VS-type reactive dyes. An eco-
friendly aqueous decolorization process, employing sodium hydroxide and sodium hydro-
sulfite with acetone as an additive, was applied to remove the dyes prior to depolymeriza-
tion. Decolorization tests on fabrics dyed at various concentrations showed that, for orange
and red samples, deep-shade fabrics retained some residual color after treatment; how-
ever, overall decolorization rates exceeded 96.7%. In contrast, blue samples exhibited lower
decolorization rates of 88.7-90.9%, indicating inferior decolorization performance. Depo-

'Corresponding Author: Jung Jin Lee lymerization converted the PET component into terephthalic acid (TPA) monomer, while
E-mail: jjlee@dankook.ac.kr cotton remained as a solid, enabling fiber separation. The TPA yield of the undyed control

sample was 81.7%, but P/C fabrics dyed in medium or deep shades showed a marked
*These authors contributed equally to decrease to 59.6-66.5%. When dyed samples were decolorized prior to depolymerization,
this work. however, yields increased to 77.5-82.7%. These findings demonstrate that the dye removal

effectively mitigates the negative effects of dyeing on depolymerization efficiency. This
Received August 5, 2025 combined decolorization-depolymerization process is expected to be applicable to the
Revised August 20, 2025 recycling of other PET-based composite materials.
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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 Cll. generic name Structure
CH;CHZ O0— C CHs
Disperse Orange Synolon Yellow Brown ) @
(Dis_O) S SRS C.. Disperse Orange 30 Q HaCHON
cl
Svnolon Rubi :< //N—@*N(CZWOCOCHQQ
. . ynolon Rubine . . ON N
Disperse Red (Dis_R) S S-GELO] Cll. Disperse Red 167:1 HN
Yot
o
Br
Synol ! P
. . nolon Navy Blue . O:N N
Disperse Blue (Dis_B) S 4 .GLS \(;)1/ Cl.Disperse Blue 79:1 2 \NGN(CHZCHZOCOCHm
NO.
HgéOCHN
OH
o0=8=0
RN~ o=§5):o
i \
Reactive Orange VS Synozol Ultra Orange DS - N
(React_O) [T P Q_on
Nes F
" / o/vsx
HO\ //O
O//S\O\
0=8=0
O
Reactive Red (React_R) VS Synozol Ultra Bordeaux DS - @73/’ ~oH

Reactive Blue (React_B)

Synozol Ultra Navy DS

C.l. Reactive Blue 250
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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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Scheme 1. Hydrolytic depolymerization of P/C for separation of cotton fiber and recovery of TPA.
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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); (@) Cl.
Disperse Orange 30, (b) C.I. Disperse Red 167:1, and (c) C.I. Disperse
Blue 79:1.
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Figure 3. Absobance of reactive dyeing liquor before and after
decolorization with NaOH (10 g//) and Na,S,0, (10 g/l); (a) orange
reactive dye, (b) red reactive dye, and (c) C.I. Reactive Blue 250.
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Figure 4. Absobance of mixed dyeing liquor before and after
decolorization with NaOH (10 g//) and Na,S,0, (10 g/l) with or
without acetone (10 ml); (a) Cl. Disperse Orange 30 + orange
reactive dye, (b) C.l. Disperse Red 167:1 + red reactive dye, and (c) C.l.
Disperse Blue 79:1 + C.l. Reactive Blue 250.
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Figure 5. Effect of dye concentration on K/S values of P/C fabrics
dyed with orange, red, and blue dye mixture (disperse dye + reactive
dye).
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Table 2. CIE L*a*b* values, color difference, K/S and decolorization efficiency of orange P/C fabric before and after decolorization

Amount Concentration CIE L* a* b* Color Decolorization Color
Sample of of NaOH and . ) . AF? strength coloriza Solor
acetone Na,S,0, L g b (K/S) y g
Dis_Re_O
0.2% o.w.f. X X 67.1 26.7 36.2 . 55 -
D_Dis_Re_O
- . f - 0,
02% ok 10m/ 109/ 89.7 06 50 472 0.07 97.2%
Dis_Re_O
1% oef x X 545 376 482 99 -
DDisReO 5y 109/l 88.2 001 09 628 015 98.5%
1% o.w.f.
Dis_Re_O
2% oxf. X X 480 405 474 159 -
D_Dis_Re_O
5 o £ 0,
9% ot 10m/ 109/ 85.3 35 164 61.0 02 98.7%
Dis_Re_O
3% owf, x X 445 445 439 17.9 -
D_Dis_Re_O .
3% owf. 10m/ 109/l 84,5 41 172 62.8 03 98.3%
Dis_Re_O
506 oW, X X 409 39.7 395 196 -
D_Dis_Re_O )
o o 10m/ 109/ 82,0 70 187 56.5 04 97.9%

°AE : color difference with a dyed sample (before decolorization).
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Table 3. CIE L*a*b* values, color difference, K/S and decolorization efficiency of red P/C fabric before and after decolorization

Amount Concentation CIEL"a"b" Geloy Decolorization Color
Sample of of NaOH and . . o AE® strength colorza Solor
acetone Na,S,0, L & K/S) y g

Dis_Re_R

0.2% owf X X 502 415 23 42 -
D_Dis_Re_R

- " P 0,

029% o 10 m/ 10 g/l 859 7.1 10 497 0.1 97.6%

Dis_Re_R

1% owf. X X 34.7 453 6.5 159 -
DDisReR 1o 10 g/l 788 156 59 532 03 98.1%

1% o.w.f.

Dis_Re_R

20 o, X X 304 434 95 212 -
D_Dis_Re_R . ) ‘

2% owif 10 m/ 10 g/l 748 185 89 509 05 97.6% | |

Dis_Re_R

3% o X X 274 393 100 237 -
D_Dis_Re_R

2 iy c 0,

o 10 m/ 109/ 715 208 88 478 07 97.0% -

Dis_Re_R

5% owf. X X 26.1 374 11.5 241 -
D_Dis_Re_R

= iy c 0,

o 10m/ 109/ 702 213 M1 469 08 96.7% -

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

Table 4. CIE L*a*b* values, color difference, K/S and decolorization efficiency of blue P/C fabric before and after decolorization

Amount  Concentration CIEL*a* b* Color

Sample of of NaOH and AF? strength Decolqrization Color
acetone Na,S,0, L* a* b* €/5) efficiency change
(S;/_o?v_vi X X 582 65  -177 - 184 _ -
D()_.;:BI.R;}B 10m/ 109/1 82.1 -59 42 274 02 89.1%
?;_g(:}v_f X X 349 55 207 - 99 _ -
D?oD/:So_,s\f{ ° 1om/ 109/ 66.5 -73 124 327 09 90.9% -
2;)‘2 3\,‘? X X 316 34 1738 - 106 - -
D}Bji;s\f{ ® 10m/ 109/l 614 -88 -84 317 12 88.7% -
21;;2 SV_E X X 293 238 -16.2 - 120 - -
DgoDA:Z—_Sff_—B 10ml 109/ 600 85 81 322 13 89.1% -
2;,_2 sv_f X X 268 24 -133 - 133 - -
DEB:Z_.S;E ° 10mf 109/ 577 -85 63 323 15 88.7% -

AE : color difference with a dyed sample (before decolorization).
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Figure 6. High-performance liquid chromatograms of (a) standard
TPA(terephthalic acid), (b) TPA recovered from white P/C fabric, (c)
TPA recovered from dyed P/C fabric, and (d) TPA recovered from
decolorized P/C fabric.
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Figure 7. TPA(terephthalic acid) yields after depolymerization of
white P/C, dyed P/C, and decolorized P/C fabrics; (a) medium
shade (dye concentration: 1% o.w.f.) and (b) deep shade (dye
concentration: 5% o.w.Xf.).
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