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Figure 1 (Color online) (a) PET plastics in our life; (b) treatments for waste PET plastics.
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Figure 2 (Color online) Electro-catalyzed upcycling of PET-derived EG to produce C; chemicals and H, fuel.
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Figure 3 (Color online) Electrocatalytic upcycling of PET-derived EG and nitrate wastes to C; chemicals and NHj.
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Figure 4 (Color online) Electrocatalytic upcycling of PET-derived EG and reduction of CO, to produce C1 chemicals.
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Figure 6 (Color online) Electrocatalytic upcycling of PET-derived EG and nitrate wastes to GA and NH;.
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Figure 7 (Color online) Electrocatalytic upcycling of PET-derived EG and CO, to GA and FA.



JEREY 7 5 SRR SR B 1 R AL T 2 i

HLELPET /KM I T 2 In L SR e B 17 1) T
Wl P HER B T, SR T 8 B AL R
FRAS (WP, Pty Rus AuffE R)FIRENE. RS
FRERE S RRA, 2 B SR A T e RO
20, DHOEBT S, RARE AT —D Ik
AEHT SN s BT, 12 SRS B 1) B 2 RHA R 4R

&, FFRTANAL . POl AU Britbz 5h, HATX L
T A A 3 < A g LA A SR R A0 T R T
PETATAERIEG, EEZHEMELTHEPETHIWF TR
8D, JT R Re Bk AR AR SEILPET AR 1Y
TiEE RO RTHRAIRIN 3 — P AR A 55— 7]
s 1.

%R

1 Geyer R, Jambeck JR, Law KL. Sci 4Adv, 2017, 3: e1700782

2 Lau WWY, Shiran Y, Bailey RM, Cook E, Stuchtey MR, Koskella J, Velis CA, Godfrey L, Boucher J, Murphy MB, Thompson RC, Jankowska
E, Castillo Castillo A, Pilditch TD, Dixon B, Koerselman L, Kosior E, Favoino E, Gutberlet J, Baulch S, Atreya ME, Fischer D, He KK, Petit
MM, Sumaila UR, Neil E, Bernhofen MV, Lawrence K, Palardy JE. Science, 2020, 369: 1455-1461
Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M, Andrady A, Narayan R, Law KL. Science, 2015, 347: 768-771

4 Tournier V, Topham CM, Gilles A, David B, Folgoas C, Moya-Leclair E, Kamionka E, Desrousseaux ML, Texier H, Gavalda S, Cot M, Guémard
E, Dalibey M, Nomme J, Cioci G, Barbe S, Chateau M, André I, Duquesne S, Marty A. Nature, 2020, 580: 216-219

Rahimi AR, Garcia JM. Nat Rev Chem, 2017, 1: 0046

Li Y, Wang M, Liu X, Hu C, Xiao D, Ma D. Angew Chem Int Ed, 2022, 61: ¢202117205

5

6

7 JiL, Meng J, Li C, Wang M, Jiang X. Adv Sci, 2024, 11: 2403002

8 Yue H, Zhao Y, Ma X, Gong J. Chem Soc Rev, 2012, 41: 4218-4244
9

Novaes LFT, Liu J, Shen Y, Lu L, Meinhardt JM, Lin S. Chem Soc Rev, 2021, 50: 7941-8002

10 Tay NES, Lehnherr D, Rovis T. Chem Rev, 2022, 122: 2487-2649

11 Sherbo RS, Delima RS, Chiykowski VA, MacLeod BP, Berlinguette CP. Nat Catal, 2018, 1: 501-507

12 Wang Y, Fan Y, Chen YZ. J Mater Chem A, 2025, 13: 10892-10898

13 Chen Y, Fan Y, Wang Y, Li Z. Small, 2024, 20: 2401226

14 Hong W, Shang C, Wang J, Wang E. Energy Environ Sci, 2015, 8: 2910-2915
15 Quan L, Jiang H, Mei G, Sun Y, You B. Chem Rev, 2024, 124: 3694-3812

16 Khalafallah D, Zhi M, Hong Z. Top Curr Chem (Z), 2019, 377: 29

17 Liang X, Shi L, Liu Y, Chen H, Si R, Yan W, Zhang Q, Li G, Yang L, Zou X. Angew Chem Int Ed, 2019, 58: 7631-7635

18 Zhou H, Ren Y, Li Z, Xu M, Wang Y, Ge R, Kong X, Zheng L, Duan H. Nat Commun, 2021, 12: 4679

19 Kang D, Kim TW, Kubota SR, Cardiel AC, Cha HG, Choi KS. Chem Rev, 2015, 115: 12839-12887

20 Mesa CA, Kafizas A, Francas L, Pendlebury SR, Pastor E, Ma Y, Le Formal F, Mayer MT, Gritzel M, Durrant JR. J Am Chem Soc, 2017, 139:

11537-11543
21 Bender MT, Yuan X, Choi KS. Nat Commun, 2020, 11: 4594

22 Lin CY, Huang SC, Lin YG, Hsu LC, Yi CT. 4ppl Catal B-Environ, 2021, 296: 120351

23 Shi R, Liu KS, Liu F, Yang X, Hou CC, Chen Y. Chem Commun, 2021, 57: 12595-12598

24 Wang J, Li X, Zhang T, Chen Y, Wang T, Zhao Y. J Phys Chem Lett, 2022, 13: 622—627

25 Li X, Wang J, Zhang T, Wang T, Zhao Y. ACS Sustain Chem Eng, 2022, 10: 9546-9552

26 Liu X, Fang Z, Xiong D, Gong S, Niu Y, Chen W, Chen Z. Nano Res, 2023, 16: 4625-4633

27 LiY, Liu L, Wang XH, Chen C, Li M, Wang JY, Li SN. Int J Hydrogen Energy, 2024, 96: 794-802

28 Sun J, Shi B, Dai S, Chu L, Wang H, Huang M. ACS Catal, 2025, 15: 529-542

29 LuX, GuoY, FuH, Song J, Liang C, Jiang H, Wang Z, Liu Y, Cheng H, Zheng Z, Wu Y, Wang P, Huang B. Chem Eng J, 2025, 506: 159810
30 LiX, SunlJ, MaH, Long X, Li T, Shimoyama Y, Naito T, Sato K, Yamada H, Nagaoka K, Zhao Y, Qian X. App! Catal B-Environ Energy, 2025,

371: 125211

31 Chen GF, Yuan Y, Jiang H, Ren SY, Ding LX, Ma L, Wu T, Lu J, Wang H. Nat Energy, 2020, 5: 605-613

10


https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1126/science.aba9475
https://doi.org/10.1126/science.1260352
https://doi.org/10.1038/s41586-020-2149-4
https://doi.org/10.1038/s41570-017-0046
https://doi.org/10.1002/anie.202117205
https://doi.org/10.1002/advs.202403002
https://doi.org/10.1039/c2cs15359a
https://doi.org/10.1039/D1CS00223F
https://doi.org/10.1021/acs.chemrev.1c00384
https://doi.org/10.1038/s41929-018-0083-8
https://doi.org/10.1039/D4TA08902B
https://doi.org/10.1002/smll.202401226
https://doi.org/10.1039/C5EE01988E
https://doi.org/10.1021/acs.chemrev.3c00332
https://doi.org/10.1007/s41061-019-0254-3
https://doi.org/10.1002/anie.201900796
https://doi.org/10.1038/s41467-021-25048-x
https://doi.org/10.1021/acs.chemrev.5b00498
https://doi.org/10.1021/jacs.7b05184
https://doi.org/10.1038/s41467-020-18461-1
https://doi.org/10.1016/j.apcatb.2021.120351
https://doi.org/10.1039/D1CC05032J
https://doi.org/10.1021/acs.jpclett.1c03658
https://doi.org/10.1021/acssuschemeng.2c02244
https://doi.org/10.1007/s12274-022-5085-9
https://doi.org/10.1016/j.ijhydene.2024.11.366
https://doi.org/10.1021/acscatal.4c05352
https://doi.org/10.1016/j.cej.2025.159810
https://doi.org/10.1016/j.apcatb.2025.125211
https://doi.org/10.1038/s41560-020-0654-1

T ERE: e

32
33
34

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Gao P, Xue Z, Zhang S, Xu D, Zhai G, Li Q, Chen J, Li X. Angew Chem Int Ed, 2021, 60: 20711-20716
Xu YT, Xie MY, Zhong H, Cao Y. ACS Catal, 2022, 12: 8698-8706

Liu H, Lang X, Zhu C, Timoshenko J, Riischer M, Bai L, Guijarro N, Yin H, Peng Y, Li J, Liu Z, Wang W, Cuenya BR, Luo J. Angew Chem Int

Ed, 2022, 61: €202202556

Shen H, Choi C, Masa J, Li X, Qiu J, Jung Y, Sun Z. Chem, 2021, 7: 1708-1754

Ren T, Yu Z, Yu H, Deng K, Wang Z, Li X, Wang H, Wang L, Xu Y. ACS Nano, 2023, 17: 1242212432

Jiang J, Zhang L, Wu G, Zhang J, Yang Y, He W, Zhu J, Zhang J, Qin Q. Angew Chem Int Ed, 2025, 64: 202421240

Wang W, He X, Tu Z, Xiong D, Dong S, Zhang T, Wu D, Wang J, Chen Z. ACS Catal, 2025, 15: 9574-9583

Hepburn C, Adlen E, Beddington J, Carter EA, Fuss S, Mac Dowell N, Minx JC, Smith P, Williams CK. Nature, 2019, 575: 87-97
Wang G, Chen J, Ding Y, Cai P, Yi L, Li Y, Tu C, Hou Y, Wen Z, Dai L. Chem Soc Rev, 2021, 50: 4993-5061

Wang J, Li X, Wang M, Zhang T, Chai X, Lu J, Wang T, Zhao Y, Ma D. ACS Catal, 2022, 12: 6722-6728

Chen T, Hu Q, Wu C, Sun M, Fu P, Liu X, Li Y, Zhou Y, Xi S, Wang J. J Energy Chem, 2025, 107: 285-295

Budak K, Sogut O, Aydemir Sezer U. J Polym Res, 2020, 27: 208

Liu F, Gao X, Shi R, Guo Z, Tse ECM, Chen Y. Angew Chem Int Ed, 2023, 62: €202300094

Yan Y, Zhou H, Xu SM, Yang J, Hao P, Cai X, Ren Y, Xu M, Kong X, Shao M, Li Z, Duan H. J Am Chem Soc, 2023, 145: 6144-6155
Du M, Zhang Y, Kang S, Xu C, Ma Y, Cai L, Zhu Y, Chai Y, Qiu B. Small, 2023, 19: 2303693

Wang Y, Liu K, Liu F, Liu C, Shi R, Chen Y. Green Chem, 2023, 25: 5872-5877

Liu X, He X, Xiong D, Wang G, Tu Z, Wu D, Wang J, Gu J, Chen Z. ACS Catal, 2024, 14: 5366-5376

Liu K, Gao X, Liu C, Shi R, Tse ECM, Liu F, Chen Y. Adv Energy Mater, 2024, 14: 2304065

Wang Y, Liu F, Chen J, Tse ECM, Shi R, Chen Y. Nat Commun, 2025, 16: 4440

Han S, Sun L, Fan D, Liu B. Nat Commun, 2025, 16: 3426

Ren T, Duan Z, Wang H, Yu H, Deng K, Wang Z, Wang H, Wang L, Xu Y. ACS Catal, 2023, 13: 10394-10404

Tu Z, He X, Liu X, Xiong D, Xue S, Wu D, Wang J, Chen Z. Chem Mater, 2025, 37: 1195-1204

Ma Y, Guo X, Yuan W, Yang P, Zhang Y, Chen W, Cai L, Nicolosi V, Wang W, Chai Y, Qiu B. Chem Catal, 2025, 5: 101336
Bhattacharjee S, Rahaman M, Andrei V, Miller M, Rodriguez-Jiménez S, Lam E, Pornrungroj C, Reisner E. Nat Synth, 2022, 2: 182-192
Chen J, Zhang F, Kuang M, Wang L, Wang H, Li W, Yang J. Proc Natl Acad Sci USA, 2024, 121: ¢2318853121

11


https://doi.org/10.1002/anie.202107858
https://doi.org/10.1021/acscatal.2c02033
https://doi.org/10.1002/anie.202202556
https://doi.org/10.1002/anie.202202556
https://doi.org/10.1016/j.chempr.2021.01.009
https://doi.org/10.1021/acsnano.3c01862
https://doi.org/10.1002/anie.202421240
https://doi.org/10.1021/acscatal.5c01907
https://doi.org/10.1038/s41586-019-1681-6
https://doi.org/10.1039/D0CS00071J
https://doi.org/10.1021/acscatal.2c01128
https://doi.org/10.1016/j.jechem.2025.03.058
https://doi.org/10.1007/s10965-020-02187-1
https://doi.org/10.1002/anie.202300094
https://doi.org/10.1021/jacs.2c11861
https://doi.org/10.1002/smll.202303693
https://doi.org/10.1039/D3GC01486J
https://doi.org/10.1021/acscatal.4c00370
https://doi.org/10.1002/aenm.202304065
https://doi.org/10.1038/s41467-025-59667-5
https://doi.org/10.1038/s41467-025-58813-3
https://doi.org/10.1021/acscatal.3c02740
https://doi.org/10.1021/acs.chemmater.4c03111
https://doi.org/10.1016/j.checat.2025.101336
https://doi.org/10.1038/s44160-022-00196-0
https://doi.org/10.1073/pnas.2318853121

JEREY 7 5 SRR SR B 1 R AL T 2 i

Electro-catalyzed upcycling of monomers from polyester plastics
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Abstract: Plastic pollution poses an increasingly severe global challenge. As a widely used high-performance material,
polyester plastic requires efficient recycling and value-added utilization, which are key strategies for realizing a circular
plastic economy. This review systematically summarizes recent research progress in the electrocatalytic upcycling of
monomers from waste polyester plastics. After alkaline hydrolysis depolymerizes waste polyethylene terephthalate
(PET) into terephthalic acid (TPA) and ethylene glycol (EG), EG can be selectively converted into value-added C, or C,
chemicals via anodic electrocatalytic oxidation using various efficient catalysts. This process can be effectively coupled
with diverse high-value cathodic reactions, such as the hydrogen evolution reaction (HER), nitrate reduction reaction
(NOs;RR), and CO, reduction reaction (CO,RR). This enables the simultaneous production of valuable products such as
hydrogen, ammonia, or formic acid, thereby achieving synergistic resource recovery from waste PET and associated
wastewater or gaseous waste streams. Electrocatalytic technology, with its mild conditions, controllable reaction
pathways, compatibility with renewable electricity, and ability to generate high-value chemicals, represents a highly
promising and sustainable approach for upcycling of EG from waste PET plastics.

Keywords: waste plastics, polyester plastics, upcycling, electrocatalysis
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