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Figure 1 (Color online) (a) Schematic illustration of PET hydrolysis to ethylene glycol (EG) followed by selective electrooxidation to glycolic acid
(GA). (b) Schematic illustration of various catalyst designs, their deactivation mechanisms, and corresponding reaction pathways.
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Table 1 Summary of metal catalysts for selective electrocatalytic oxidation of EG to GA

HEALF PR (%) LU R PECIR & 1) @ 2% R
PdCw/Ni(OH), 91.7 2000 mA cm™ 100 h (100 mA cm™) [16]
PdBi/NF 99.0 611 mA cm™ 100h (150 mA cm™) [17]
Pd/Ni(OH), 94.1 600 mA cm™ 200h (150 mA cm™) [18]
Pd-CuCo,0, 96.1 600 mA cm™> 100 h (1600 mA cm™2) [19]
LM-PdCu 92.0 472 mA cm™ 70 h (1.0 V vs. RHE) (Pulsed electrosynthesis) [20]
PdCuene/NF 93.8 400 mA cm™” - [21]
Pdg;Agss 92.7 339 mA cm™ 80 h (1.0 V vs. RHE for 32 h, and 0.9 V vs. RHE for 48 h) [22]
Pdt Pd/NiMoO,/NF 95.7 320 mA cm ™ 1500 h (~100 mA cm™) [23]
Pd NTs/NF 87.9 300 mA cm™> - [24]
mPd;Au/NF 95.3 250 mA cm™” - [25]
PdB 93.8 210mAcm™ 100 h (0.9 V vs. RHE for 40 h, and 0.8 V vs. RHE for 60 h) [26]
PdAg/NF 92.0 125 mA cm™ 2h (0.81 V vs. RHE) [27]
Pd-N,/Cu-N, 91.9 83.92 mA cm ™ 6h (1V vs. RHE) [28]
PtSAC/TIO, 99.7 10.56 mA cm 121 (0.9 V vs. RHE) [29]
Pd-PdSe HNSs 389 15.7 mA cm™ - [30]
AuPd 93.0 1151 mA cm™ 1000 h (1000 mA cm™) [31]
Aukt AWNIi(OH), 91.0 326.2 mA cm™ 13h (1.4V vs. RHE) [32]
AuwNF 85.0 130 mA cm™ - [33]
Pt/y-NiOOH/NF 97.0 450 mA cm™ 10 h (0.55 V vs. RHE) [9]
Pkt Pt,/RuO, 95.3 8.09 A mg_lz 500h (60 mA cm™) [13]
Pt-Ni(OH),/NF 93.0 100 mA cm™ 6h (1 V vs. RHE) [34]
Pt/Ir hetero-metallene 87.0 100 mA cm™ 20 h (10 mA cmfz) [35]
IrSt Ir-CuPd SMTs 48.0 100 mA cm™ - [36]
Py Ni;-Fe,-N-C DSACs 96.1 800 mA cm*z 100 h (100 mA cm™) [37]
Co-Ni/CP 90.0 150 mA cm” 24 h (142 V vs. RHE) [38]

a) “100 h (100 mA)”ftZE1E100 mA cm 2 A BB T, AL Fa 5T Hf%100 h; “100 h (0.9 V vs. RHE for 40 h, and 0.8 V vs. RHE for 60 h)*{t3
FefgFa g FAA 100 h, IXH P4 70.9 V vs. RHEHEAL T HLf#40 h, 0.8 V vs. RHEHLAL N HLf#60 h; Pulsed electrosynthesis 7 ik Hififd.
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FIGAIEFETE(99%) FIFE (99%). 7E M HL K Hi A (mem-
brane electrode assembly, MEA)H, %407 1 BEALTE
150 mA cm ™ F B35 B R HR4 B 100 Wil /S H B
W PEREFEAR, UERH T T PABifHEAL R B A BRI
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Figure 2 (Color online) Pd-Cu alloy catalyst for EG electrooxidation. (a) A schematic illustration for proposed formation mechanism of LM-PdCu.
(b) Output potentials and (c) corresponding chronoamperometric curves in current-potential electrocatalysis (CE) and pulsed electrolysis (PE) modes.
(d) Current retention rates of LM-PdCu after being electrocatalyzed under different potentials at CE and PE modes. (¢) A schematic diagram
illustrating electrocatalytic mechanism of LM-PdCu for selective GA electrosynthesis from PETH at PE mode [20].
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Figure 3 (Color online) Different paired electrochemical systems for GA production. (a) Previous work concerning GA production via EGOR paired
with hydrogen evolution reaction (HER). (b) Previous work concerning GA production via oxalic acid reduction reaction (OARR) paired with oxygen
evolution reaction (OER). (¢) This work proposed a strategy for the simultaneous production of GA at both anode and cathode via PdBi-catalyzed EG

oxidation paired with TiO,-promoted OARR [17].
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Figure 4 (Color online) Catalyst synthesis and EG electrooxidation performance of Pd-CuCo,0,. (a) Schematic diagram of the synthesis of Pd-
CuCo,0;,. (b) X-ray diffraction (XRD) patterns of Pd-CuCo,0, and CuCo,0,. (¢, d) Scanning electron microscopy (SEM) images. (¢) Comparison of
linear sweep voltammetry (LSV) curves of integrated seawater electrolyzer (ISE) and alkaline seawater electrolyzer (ASE) with alkaline seawater as an
electrolyte in a two-electrode configuration. (f) The corresponding electricity consumption of ISE or ASE at different current densities [19].
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Figure S (Color online) Catalyst synthesis and EG electrooxidation performance of Pd-Ni(OH),. (a) Schematic illustration of the synthesis of Pd-Ni
(OH), on NF. (b) Schematic illustration and photograph of a two-electrode MEA flow electrolyzer for PET electro-reforming. (c) Chronoamperometry
(CP) curves of Pd-Ni(OH),/NF(+)ll Ni,P/NF(—) for PET electro-reforming. (d) Schematic illustration of the process of PET electro-reforming and

product separation. Inset: photographs of GA and TPA powder [18].
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Figure 6 (Color online) Catalyst synthesis and EG electrooxidation performance of Pd/NiMoO,/NF. (a) Schematic illustration for the synthesis of
Pd/NiMoO,/NF. (b) Schematic illustration of the proposed EG oxidation mechanism on Pd/NiMoO,/NF and (c) Pd/NF. (d) FEs and current density of
Pd/NiMoO,/NF for sodium glycolate production for 1500 h electrolysis cycles [23].
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Figure 7 (Color online) EG electrooxidation performance of PdCu/Ni(OH),. (a) LSV curves of PdCu/Ni(OH), toward the OER and EG oxidation
without current-resistance (IR) compensation. (b) Operation potential at different current densities from 0.5 to 2.0 A cm . (c) Glycolate FE of PdCu/Ni
(OH), toward the EG oxidation at different current densities from 0.1 to 2.0 A cm™. (d) Gibbs free energy diagrams of intermediates and transition
states in EG oxidation on Pd/Ni and PdCu/Ni(OH), from DFT calculations. (e) Proposed reaction mechanism of the PdCu/Ni(OH), catalyst for the EG

oxidation [16].
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Figure 8 (Color online) EG electrooxidation performance of Au/Ni(OH),. (a) Conversion rate of glycerol (GLY) over different samples at 0.95 V vs.
RHE in 3 M KOH with 0.3 M GLY. The inset is the dependence of the GLY conversion rate on the number of surface hydroxyl on different metal
hydroxides/oxides. (b) In situ Fourier-transform infrared spectroscopy (FTIR) spectra of the adsorbed GLY on pure Au and Ni(OH),/Au. (c) The
oxidation charges of GLY over Au/Ni(OH), and Au in 3 M KOH and 0.3 M GLY with/without 0.3 M borate at 0.95 V vs. RHE. (d) Current density of
Au/Ni(OH), and Au at 0.95 V vs. RHE in the electrolytes with 0.3 M GLY and different concentrations of KOH, (e) Adsorption energies of GLY in the
form of alkoxide on Au, Ni(OH),, and Au/Ni(OH),, respectively. The optimized geometries of (HOCH,),CH,0  for Au, Ni(OH),, and Au/Ni(OH), are
also displayed. The color of each element is yellow for Au, blue for Ni, red for O, white for H, gray for C, and purple for K. (f) Schematic illustration of
the adsorption configuration of glycerol alkoxide at the Au/Ni(OH), interface [32].
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Figure 9 (Color online) EG electrooxidation performance of AuPd. (a) Electrochemcial surface area (ECSA) and turnover frequency (TOF) values
over different samples at 1.05 V vs. RHE. (b) The performance comparison of electrooxidation EG to GA in the published works and in this work.
(c) Kinetic curves for EG oxidation over AuPd at 1.25 V vs. RHE. (d) CP curves for EG oxidation over AuPd at 1 A cm™” and the corresponding GA
FE. (e) Mass spectrum of GA using negative ion mode derived from GD in ¥0-labeled electrolyte and the proposed reaction pathway of EG oxidation.
(f) Optimized structures of intermediates in EG oxidation reaction to GA over the AuPd(111) surface [31].
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Figure 10 (Color online) EG electrooxidation performance of Pt-Ni(OH),/NF. (a) LSV curves of Pt-Ni(OH),/NF and Ni(OH),/NF in 1.0 M KOH and
0.1 M EG. (b) Comparison of potentials to achieve varied current densities for EG oxidation. (c) Faraday efficiencies of EG oxidation at various

potentials on Pt-Ni(OH),/NF. (d) Free-energy diagram of EG oxidation on
DMPO-'OH (DMPO: 5,5-dimethyl-1-pyrroline N-oxide).
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Figure 11 (Color online) Catalysis synthesis and EG electrooxidation performance of Pt/y-NiOOH/NF. (a) Schematic illustration of Pt/y-NiOOH/NF
preparation using corrosion engineering. (b) Faradaic efficiencies and selectivity to glycolate on Pt/y-NiOOH/NF (0.9 wt% Pt) across a wide potential
range from 0.45 to 0.65 V vs. RHE. (c, d) In situ Raman spectroscopy for EG oxidation over Pt/y-NiOOH/NF and Pt/C [9].
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Figure 12 (Color online) Catalyst characterizations and EG electrooxidation performance of Pt;/RuQ,. (a) XRD patterns of Pt;/RuO, and (b) TEM
image. (¢, d) Atomic resolution HAADF-STEM images, where yellow circles highlight monodisperse Pt atoms. (e) Comparison of EG-to-GA
conversion process on nanoparticles, nanohybrids and single-site Pt on RuO, catalyst. Two-electrode flow electrolyzer for GA production:
(f) comparison of GA selectivity and yield rate over Pt;/RuO, at varied current densities (reaction time: 5 h); (g) stability test in flow electrolyzer [13].
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Figure 13 (Color online) EG electrooxidation mechanism and performancg of Co-Ni/CP. (a) Schematic diagram of the reaction process. First, the EG
is adsorbed onto the catalyst surface, and then oxidize to the CH,OH-CO , which ultimately bonds with OH™ to form GA. (b) Comparison of the
adsorption energy of EG on different catalysts, demonstrating the bimetallic catalyst Co-Ni/CP exhibits the strongest adsorption toward EG.
(c, d) In situ electrochemical FTIR spectra. (¢) Schematic illustration of the EG oxidation over Ni;-Fe;-N-C DSACs. (f) Schematic photograph of the
MEA flow electrolyzer for PET electrocatalytic reforming. (g) CP curve and FEs of Ni;-Fe,;-N-C DSACs (+)//Pt foil (—) for PET electro-reforming [37].
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Figure 14 (Color online) Catalyst deactivation mechanism studies of metal catalyst. (a) EG oxidation current density (j) over time (green solid line)
measured at +1.43 V vs. RHE during in situ Raman spectrum collection using an Au/Ti electrode. (b) The Au L3-edge XANES spectra of an Auw/Ti
electrode collected at +0.43 V vs. RHE and +1.33 V vs. RHE, compared with reference samples (gold oxide and Au metal). (c) GOR current density
over time measured with EG injection at different time: 0 s (black dashed line), 150 s (red solid line), and 1800 s (purple solid line). A sample of Pd/
NF-10 was initially biased at +1.23 V in a pure 1 M KOH solution, and EG was then quickly injected under vigorous stirring at different time to achieve
a concentration of 0.3 M. Insets show the details of the current change upon EG injection. (d) The Au L;-edge XANES spectra and (e) EXAFS spectra

of an Au/Ti electrode collected at +0.43 V vs. RHE and +1.33 V vs. RHE, compared with reference samples (gold oxide and Au metal). (f) Schematic
illustration of the EG oxidation deactivation over noble metal (M=Pd, Pt, Au) catalyst during CP electrolysis [43].
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Figure 15 (Color online) Catalyst deactivation mechanism studies of LM-PdCu catalyst. (a) Chronoamperometric curves in CE and PE modes.

(b) CV curves for the second lap in KOH and EG solutions at a scan rate of 5.0 mV s
' (d) In situ Raman spectra over LM-PdCu collected at different potentials (Raman signals were acquired at the beginning

regions from 200 to 800 cm™

- (c) In situ Raman spectra collected in the low-wavelength

of the test at 200 s). (e) A schematic illustration for GA electrosynthesis from PET upcycling at CE mode [20].
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Figure 16 (Color online) Reaction mechanism studies of Pd catalyst. (a, b) EPR spectra from the electrolyte using DMPO as a trapping agent:
(a) OER and (b) EG oxidation. (c, d) In situ electrochemical FTIR spectra of (c) Pd and (d) Pd-Ni(OH), scraped from the NF substrate [18].
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Figure 17 (Color online) Reaction mechanism studies of Au catalyst. (a) In situ infrared absorption spectrum (IRAS) spectra collected on Au
electrodes in 1 M NaOH + 1 M EG solution. (b) High-performance liquid chromatography (HPLC) profiles of the samples taken from the reaction
residual on Au electrodes during the EG oxidation in 1 M NaOH + 1 M EG solution. /n situ ATR-SEIRA spectra taken on the Au surface in (¢) 0.1 M
NaOH containing 1 M EG solution and (d) 0.1 M NaOD/D,O + 1 M EG solution [55].
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Figure 18 (Color online) Reaction mechanism studies of Pt catalyst. (a) In situ electrochemical IRAS on the Pt electrode in 1 M NaOH and 1 M EG
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glycolate oxidation products on Pt. (e) Reaction pathway of the EG oxidation process on Pt-group electrodes [56].
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Recent progress in catalyst design for electrocatalytic upcycling of
PET to glycolic acid
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Abstract: Ethylene glycol (EG), a primary monomer derived from polyethylene terephthalate (PET), presents a
strategic opportunity for value-added conversion, offering a dual benefit of PET waste valorization and environmental
sustainability. Glycolic acid (GA), in particular, has garnered significant interest due to its broad applicability, especially
in the synthesis of biodegradable plastics. Electrocatalysis has emerged as an environmentally benign approach for
chemical synthesis, leveraging renewable electricity and mild reaction conditions, and has recently shown considerable
potential in the upcycling of plastic wastes. This review systematically summarizes recent advances in the development
of electrocatalysts for the selective oxidation of EG to GA. Empbhasis is placed on the synthesis strategies, structural and
electronic modulation, deactivation mechanisms, and reaction pathways of a range of metal-based electrocatalysts,
including Pd-, Au-, and Pt-based systems as well as non-precious metal alternatives. The review concludes with a
critical perspective on the existing challenges and promising future research directions in this evolving field.
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