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Abstract

Plastics have become an essential component of our daily lives, but their
widespread use has resulted in significant environmental and ecological
pollution. Conventional methods for plastic waste treatment are both environ-
mentally unfriendly and energy-intensive. In recent years, the emergence of
electrocatalytic degradation technology for plastic waste has opened up new
possibilities for converting waste plastics into valuable chemicals, thus promoting
the realization of a circular economy for plastics. This review aims to provide an
in-depth overview of the fundamental principles and characteristics of interfaces,
focusing on the electrocatalytic degradation of ethylene glycol (EG) derived from
polyethylene terephthalate (PET). This review primarily examines the two primary
methods of electrocatalytic oxidation reactions of PET-derived EG, along with the
advancements in interface engineering technology. It delves into the research
progress made in interface catalysts for the electrocatalysis of PET-derived
EG, while also discussing future research directions. The objective is to delve
deeper into the development of effective electrocatalytic degradation catalysts,
to address the pressing challenges posed by the ecological environmental crisis
and the imperative need for transforming and upgrading PET plastic waste.
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1 INTRODUCTION

The rapid growth of the modern economy and society
has resulted in an unprecedented increase in fossil fuel
consumption, causing severe damage to our ecological
environment''!. Simultaneously, the fast-paced nature
of our lives has led to the ubiquitous presence of
disposable plastic products'”*'. Each plastic container is
furnished with a distinctive identification sign resembling
an “ID card”, typically positioned at the base. Enclosed
within a triangular shape, a number ranging from 1 to
7 is displayed, with each number denoting a particular
type of plastic material. The numbers are as follows:
#1: polyethylene terephthalate (PET/PETE), #2: high-

density polyethylene (HDPE), #3: polyvinyl chloride
(PVC), #4: low-density polyethylene (LDPE), #5:
polypropylene (PP), #6: polystyrene (PS), and #7:
others such as acrylonitrile butadiene styrene (ABS)“ .
Plastic pollution, also known as white pollution®*”,
refers to the solid waste formed when high molecular
compound plastics like PP and PET are carelessly
discarded after use, resulting in adverse visual effects
and substantial ecological damage and may even
endanger human health!"'?), This further exacerbates
the challenges associated with subsequent disposal''*.
Consequently, the imperative to ban and restrict plastic
usage has become increasingly urgent",
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PET plastic, as a main type of plastic that is frequently
contacted and used in daily life, undoubtedly brings
great convenience to people. However, at the same
time, the massive use of PET has also produced serious
pollution problems for the environment**'. To address
the environmental pollution caused by PET, researchers
have focused on developing efficient degradation
methods. Currently, the primary methods for PET
waste disposal involve chemical recycling and physical
recycling™®’. Physical recycling entails crushing, cleaning,
and drying PET waste to produce raw materials.
However, the quality of the recycled products often
falls short of the original raw material standards'"”’, and
the treatment process generates wastewater and gas,
significantly impacting the environment. In contrast,
chemical recycling methods convert PET waste into
monomers or intermediates, offering the advantage
of obtaining high-purity monomers'®*®, Establishing
a catalytic recycling system using chemical means
can help combat white pollution, reduce greenhouse
gas emissions, and yield valuable chemicals, thereby
offering economic benefits””’’. Among these chemical
recovery methods, electrocatalysis stands out as
an electrochemical technique that has been widely
used in energy and environment applications' *°.
Its application in PET plastic degradation enables
an efficient and environmentally friendly process,
transforming PET degradation products into high-value
chemicals and fuels™”,

Consequently, electrocatalysis holds tremendous
potential, facilitating efficient PET waste recycling,
reducing environmental pollution, lowering greenhouse
gas emissions, and generating economic benefits*®.
This technology plays a crucial role in achieving a
sustainable circular economy for plastics. In recent
decades, the demand for efficient catalysts has
surged””, leading to rapid advancements in interface
engineering catalysts for the electrochemical oxidation
reaction of ethylene glycol (EGOR) derived from PET.
However, comprehensive reviews on heterogeneous
interface engineering for this process are currently
lacking.

This review aims to present the PET depolymerization
methods and explore the fundamental principles of
electrochemical conversion using PET-derived ethylene
glycol. Additionally, the mechanisms and applications of
interface engineering in the electrochemical conversion
of PET-derived ethylene glycol will also be summarized.
The primary goal is to provide a valuable reference for
the development of new electrocatalysts that exhibit
high efficiency, good selectivity, cost-effectiveness,
and value addition. By adhering to principles of green
technology, environmental protection, and sustainable
development, we hope to contribute to the early
realization of the “plastic reduction and recycling” goal.
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Figure 1. Molecular structure of PET.

2 FUNDAMENTALS OF PET DE-
POLYMERIZATION

PET is a commonly used polymer, which has the
chemical formula of (C,(HgO,),. When PET is spun into
fibers for fabrics, it is commonly referred to as “polyester”.
However, in container and packaging applications, it is
known as “PET” or “PETE""’!. The molecular structure
of PET consists of a linear macromolecule with hydroxyl
and carboxyl end groups connected by ester groups, with
a benzene ring and an ethyl group positioned between
them. With its regular molecular chain and symmetry, PET
forms a linear macromolecule, as illustrated in Figure 17,

The PET molecule’s C-O bond typically possesses
lower chemical energy compared to the C-C bond"”.
Various external factors, including water, heat, light,
and oxygen, can cause the fracture of chemical bonds
in PET, leading to its degradation. PET depolymerization
methods are classified based on the chosen degradants,
which include alcoholysis, glycolysis, hydrolysis, and
aminolysis. Figure 2 illustrates the categorization of these
depolymerization methods™”. The primary depolymerized
products include terephthalic acid (TPA/PTA) and EG, as
well as combinations such as terephthalamide and EG,
dimethyl terephthalate and EG, and bis(2-hydroxyethyl)
terephthalate. These products can be obtained through
hydrolysis™, ammonolysis™*', methanol alcoholysis™®,
and EG alcoholysis (also known as glycolysis)”".

PET is an abundant polyester plastic that can be
hydrolyzed into TPA and EG in aqueous solutions of
different media®®’. These media include acidic”?,
neutral™, and alkaline solutions™"'. However, acid
hydrolysis is highly corrosive to the reaction system and
generates waste liquid containing inorganic salts and
acidic waste. Neutral hydrolysis requires a large amount
of water, resulting in low EG content in the product and
making separation challenging. Alkaline hydrolysis, on
the other hand, allows for the precipitation of EG and TPA
by acidifying the product solution and adjusting the pH to
2-3"’1, Thus, compared to acidic and neutral hydrolysis
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Figure 2. Methods for PET depolymerization.
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Figure 3. Two reaction paths of EGOR: (i) C-C cleavage pathways and (ii) C-C preservation pathways.

methods, alkaline hydrolysis offers advantages in terms
of purification.

Electrocatalysis provides a promising approach for
converting PET-derived EG into high-value products
and recycling TPA"?), In the electrocatalytic process
of PET depolymerization, the oxidation current is
attributed to the oxidation of EG in PET rather than
TPA™, During electrocatalysis, there are typically two
reaction paths for EGOR, as shown in Figure 3. The

C-C cleavage pathway leads to the formation of formic
acid (C1 product), while the C-C preservation pathway
results in the production of glycolic acid (C2 product).
By modulating the adsorption strength of carbonyl
intermediates on the catalyst surface, the C1/C2
reaction path can be controlled, enabling high selectivity
of the EGOR products'*“. This means that the surface/
interface structure of the catalysts can be tailored to
facilitate the electrocatalytic transformation of PET-
derived EG, enhancing product selectivity and yield.
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Figure 4. Reaction path of EGOR. A: Synchronous electrochemical conversion of anode PET hydrolysate with cathode CO,
to formic acid; B: Reaction path of the oxidation of ethylene glycol to formic acid. Reproduced from Ref.””’ with permission

from American Chemical Society.

In a study conducted by Zhao and Wang"”, earth-
abundant Ni and Co-based materials were employed
as anodic catalysts for the electrocatalytic oxidation of
PET-derived EG to produce formic acid. Simultaneously,
cathodic coupling electrolysis of CO, was employed to
produce formic acid, as depicted in Figure 4A. High-
performance liquid chromatography analysis revealed
that the Faraday efficiency of formic acid remained
consistently above 90% when the anode potential
was maintained at 1.45V vs. the reversible hydrogen
electrode (RHE). These results demonstrated that the
NiCo,0,/carbon fiber paper catalyst exhibited remarkable
stability and high selectivity for the electrochemical
transformation of PET hydrolysate into formic acid.

To further investigate the reaction mechanism, an
additional experiment was conducted to study the
oxidation of glycolic acid (GA)"”. It was observed that
the main product of the glycolic acid oxidation reaction
was oxalic acid, whereas the EGOR experiment primarily
yielded formic acid. This finding suggested that glycolic
acid was not a crucial intermediate in the EGOR
catalyzed by the prepared NiCo,0, electrocatalyst.
Therefore, the proposed reaction mechanism for the
EGOR on the NiCo,0, electrocatalyst can be described
as follows: Initially, the —OH deprotonation step occurs,

leading to the formation of the reactive alkoxide
intermediate OCH,—H,CO. Subsequently, the alkoxide
intermediate undergoes oxidation to form the glyoxal
intermediate OCH—HCO, which then undergoes C-C
bond cleavage to yield formic acid. The by-product,
glycolic acid, is a result of the transformation of the
Cannizzaro reaction of glyoxal, and the reaction pathway
is illustrated in Figure 4B.

The selective oxidation of the hydroxymethyl groups
in EG to produce GA is highly desirable in EGOR as GA is
economically valuable and finds extensive applications
in various industries such as industrial applications, food
additives, pharmaceuticals, and agriculture. The market
size of glycolic acid was $310.4 million in 2020 and is
expected to reach $531.5 million by 2027,

To achieve the selective oxidation of EG to GA, Chen et
al.”® designed and synthesized a Pd-Ni(OH), composite
electrocatalyst, as depicted in Figure 5A. Through the
synergistic interaction of Pd and Ni sites, ethylene
glycol can be highly selectively oxidized to glycolic acid
while generating hydrogen at the cathode. The catalyst
exhibited a high selectivity of 91.6% for glycolic acid
with an ethylene glycol conversion rate of 93.2%. Even
at an industrial-scale current density of 600mA-cm?,

https://doi.org/10.53964/id.2024001
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Figure 5. The Pd-Ni(OH), catalyst for EGOR. A: Schematic diagram of the synthesis of Pd-Ni(OH), on nickel foam; B:
Optimal configuration of EG oxidation process on Pd-Ni(OH),. Reproduced from Ref."”’ with permission from Wiley.

the catalyst maintained a high Faraday efficiency
and selectivity of approximately 85%. In-situ Fourier
Transform Infrared Spectroscopy during electrochemical
experiments revealed that OH species rapidly convert
the OC-CH,OH intermediate to glycolic acid products
instead of C1 products through the C-C cleavage
pathway. The electronic interaction between Pd and
Ni(OH), leads to a decrease in the d-band center shift
of Pd, reducing carbonyl adsorption and facilitating the
transfer of the OC-CH,OH intermediate from the active
Pd site to the adjacent Ni site. This interaction prevents
excessive cleavage or oxidation of the C-C bond. Based
on experimental results, the conversion pathway from
EG to GA can be summarized as follows: HOCH,-CH,OH
- HOCH,-CH,OH > HOCH,-CH,0O(RO) » HOCH,-CHO* >
HOCH,-CO* > HOCH,COOH* > HOCH,-COOH(GA), as
illustrated in Figure 5B. Their work not only provides
a promising approach for upgrading PET to high-value
glycolic acids at an industrial level but also offers valuable
insights into intermediate conversion pathways and
catalyst design with synergistic active sites.

3 CATALYSTS’ INTERFACE EN-
GINEERING FOR ELECTROCAT-
ALYTIC UPCYCLING OF PET-
DERIVED EG

3.1 Electrocatalytic Conversion of EG
to C1 Products

The surface and interface of catalysts encompass
the atomic layers on the surface and the junction

between phases, which do not have a well-defined
boundary™*. In the context of electrochemical reactions,
the catalyst’s interface provides active centers for
electrocatalytic reactions and plays a crucial role in
achieving high efficiency™**”. The interface can modify
the equilibrium relationship between reactants and
products, thereby facilitating the reaction process. The
overall electrocatalytic reaction can be described in
three consecutive steps: Firstly, the chemical adsorption
of reactants occurs on the surface or interface of
the electrocatalyst. Secondly, the reactants undergo
activation to generate intermediates. Lastly, the final
product is desorbed from the electrocatalyst into the
electrolyte™ ", The optimal performance of the entire
electrocatalytic process relies on the optimization of the
adsorption and desorption steps.

The limited catalytic performance of non-precious
metal-based electrocatalysts hinders their widespread
industrial application'®’. To overcome this limitation,
various strategies, such as interface engineering”®,
topography engineering””’, defect engineering”®, and
crystal plane engineering”®’, have been employed
to enhance their electrocatalytic capability. Typically,
the active sites responsible for electrocatalysis are
concentrated at the edge sites; however, their number
is relatively limited, posing a significant obstacle to
achieving high efficiency. The atomic and molecular
structure at the catalyst’s interface plays a crucial
role in determining the catalytic activity of these
active sites'®”. Atoms located at the interface exhibit a
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Figure 6. Structure of the CoNi,,sP catalyst. (A-B): HR-TEM images of CoNi,.sP nanosheet; C: Schematic diagram of the
structural evolution of the CoNiy,sP catalyst under reaction conditions. Reproduced from Ref."”’ with permission from Springer

Nature.

coordination unsaturated state compared to bulk atoms,
making them highly susceptible to physisorption,
chemisorption, or direct chemical reactions with other
species, leading to the formation of new species.
Additionally, interface engineering holds great potential
for improving electrochemical performance by
optimizing the chemisorption of reaction intermediates,
enhancing electron/mass transport, and preventing
the aggregation of active components'®". Therefore, a
promising strategy to enhance the mass and energy
conversion of electrocatalytic reactions is to increase the
exposure of edge active sites and enhance the intrinsic
activity of these sites through interface engineering of
the catalysts. This approach has emerged as a research
hotspot in the field of electrocatalysis'®.

Indeed, the electrocatalytic reforming of EG
encounters challenges such as a complex reaction
process, poor product selectivity, and catalyst
deactivation. To achieve the electrochemical
reforming of EG derived from PET in line with green
and sustainable development, the design of high-
performance catalysts is crucial. In recent years,
interface engineering strategies have emerged as
effective approaches to enhance the electrocatalytic
oxidation performance of PET-derived ethylene glycols,
making it a prominent research topic. By manipulating
the atomic and molecular structure at the interface
of catalysts, interface engineering can optimize the
adsorption of reaction intermediates, facilitate electron/
mass transport, and prevent the aggregation of active
components.

In a significant discovery from a previous study, it

was observed that secondary alcohols featuring a
-C(OH)-C- structure can undergo oxidation, resulting
in the cleavage of the C-C bond when cobalt hydroxyl
oxide is employed as an anode catalyst in an alkaline
electrolyte. This intriguing process leads to the
formation of carboxylic acid compounds. Building upon
this breakthrough, a team of researchers, under the
leadership of Duan et al.”*! has successfully developed
a highly efficient bifunctional CoNi,,sP electrocatalyst.
This novel electrocatalyst serves as a pivotal component
in their proposed electrocatalytic strategy, which aims
to convert the hydrolyzed products of PET waste into
potassium dicarboxylate and terephthalic acid within a
KOH electrolyte.

In this electrochemical process, the CoNiy,sP
catalyst catalyzes the conversion of EG at the anode
of the electrolytic cell, resulting in the formation
of formate. Remarkably, the selectivity of this
reaction exceeds 90%. Simultaneously, hydrogen
is generated at the cathode. In the absence of EG,
all electrocatalysts exhibit relative activity towards
the oxygen evolution reaction (OER) with an initial
potential of approximately 1.51V vs. RHE. However,
with the introduction of 0.3M EG into the electrolyte,
the initial potential of all electrocatalysts shifts to lower
values (ranging from 1.22 to 1.33V vs. RHE). This
shift indicates that, thermodynamically, the oxidation
of EG is more favorable compared to the OER. High-
resolution transmission electron microscopy (HR-
TEM) observations revealed that the CoNi,,sP material
consists of small Ni,P nanoparticles interconnected with
CoP particles, forming a CoP-Ni,P heterostructure, as
depicted in Figure 6A-B. When utilized in an H-type

https://doi.org/10.53964/id.2024001
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electrolyzer, the CoNiy,sP electrocatalyst demonstrates
its capability to generate a high current density of
approximately 350mA-cm™ at a potential of 1.7V vs.
RHE. Moreover, when applied to a zero-gap membrane
electrode assembly with minimal energy loss, the
catalyst achieves a significant current density of up to
500mA-cm™ at a 1.8V. These impressive results are
accompanied by a Faraday efficiency exceeding 80%
and a formate selectivity of more than 80%.

A comprehensive investigation was undertaken to
study the changes occurring in the CoNi,,sP catalyst
during electrochemical reactions. The findings revealed
that the catalyst retained the stability of its primary
structure during the hydrogen evolution reaction.
However, advanced characterization techniques
including HR-TEM and X-ray diffraction provided
evidence that the catalyst’s structure underwent
reconstruction during the anodic oxidation reaction.
This reconstruction resulted in the formation of a
low crystalline metal oxy(hydroxide) analogue, as
illustrated in Figure 6C.

Moreover, the research team conducted an ex-
tensive analysis of the dynamic transformation of
intermediate products during the oxidation reaction
of EG. To gain insights into the electrochemical and
kinetic aspects, three different starting substrates
were evaluated: ethylene glycol, GA, and glycolic
aldehyde. The results unveiled that glycolaldehyde
exhibited a significantly faster reaction rate in the
formation of formic acid compared to ethylene glycol
and glycolic acid, as illustrated in Figure 7A-B. This
finding highlights the crucial role of glycolaldehyde as
an intermediate in the formic acid formation process.

Based on the experimental findings, the researchers
proposed an oxidation mechanism for EG, which is
illustrated in Figure 7C. According to the proposed
mechanism, EG is initially oxidized to glycolaldehyde,
which undergoes rapid C-C cleavage to form formate
ions. Additionally, a minor portion of glycolaldehyde
is oxidized to glycolic acid, which then undergoes
a slower C-C cleavage process, ultimately leading
to the production of formic acid. This elucidation of

https://doi.org/10.53964/id.2024001
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the oxidation mechanism provides valuable insights
that contribute to a deeper understanding of the EG
oxidation reaction and its associated pathways.

3.2 Electrocatalytic Conversion of EG
to C2 Products

In a study conducted by Qiu et al.”*”, the Pt/y-NiOOH/
NF electrocatalyst was prepared through corrosion
engineering in the presence of K,PtCl,, NaCl, and nickel
foam, as depicted in Figure 8A"“”. X-ray photoelectron
spectroscopy (XPS) was employed to investigate the
coupling effect between Pt and NiOOH in the catalyst, as
shown in Figure 8B-D. The researchers discovered that
the binding energy of the Ni** signal in the Pt/y-NiOOH/
NF catalyst was negatively shifted by 0.5eV compared

to that of y-NiOOH/NF (Figure 8B). Additionally, the
binding energy of Pt-4f in Pt/y-NiOOH/NF was positively
shifted by 0.3eV compared to Pt/NF (Figure 8C). These
shifts in the binding energy peaks of Ni and Pt indicate
the presence of electronic interaction between Pt and
the y-NiOOH phases. The O-1s spectrum of Pt/y-NiOOH/
NF in Figure 8D demonstrates the existence of Pt-O-
Ni bonds, which are not observed in the y-NiOOH/NF
catalyst. This finding serves as key evidence for the
interaction between Pt and y-NiOOH. Furthermore,
calculations of the charge difference in the catalyst
suggested that a significant amount of charge had
accumulated at the Pt/y-NiOOH interface, as illustrated
in Figure 8E. Moreover, the calculated results indicated
that the shortest oxygen-surface distance between EG

https://doi.org/10.53964/id.2024001
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and Pt/y-NiOOH was 1.8A. This distance suggests that
the interfacial region between EG and Pt/y-NiOOH is
highly active for the adsorption of EG reactants.

The Pt/y-NiOOH/NF catalyst successfully achieved the
selective oxidation of EG from PET plastics to glycolic
acid at a low potential of 0.55V vs. RHE. It achieved a
high Faraday efficiency of 97.2% and a selectivity of
glycolate production of 98.2%. Additionally, the catalyst
demonstrated a production rate of 0.14mmol-cm™h™,
as depicted in Figure 8F.

Both experimental and theoretical findings suggest
that the formation of glycolic acid involves three
deprotonation steps. The first step involves the
formation of adsorbed 1,2-dihydroxy ethyl or 2-hydroxy
ethoxy species. In the second step, the adsorbed
2-hydroxyacetyl group is generated. Finally, in the third
step, the adsorbed glycolic acid is formed. Theoretical
calculations indicate that the production of the adsorbed
2-hydroxyacetyl species plays a crucial role in the
formation of glycolic acid. The calculations reveal a
free energy change of AG=0.33eV for the protonation
process at the Pt/y-NiOOH interface, which is smaller
than the AG=1.14eV observed on the Pt surface. This
suggests that the Pt/y-NiOOH interface is favorable for
the production of glycolic acid.

Chen et al."” designed a synergistic catalyst of Pd-
Ni(OH),/Ni foam (Pd-Ni(OH),/NF) for the electrocatalytic
oxidation reaction of EG to produce GA. Through charge
density difference and Bader charge calculations,
they found 1.71 electrons were transferred from Pd
to Ni(OH),, indicating a strong electronic interaction
between the two components. The reduced electron
density of Pd weakens the feedback effect of the Pd-3d
electrons on the CO 2n* orbitals, diminishing the bond
strength of the Pd-*CO species. To further investigate
the interfacial interactions, they employed surface
valence band photoelectron spectroscopy to evaluate
the d-band centers of Pd and Pd-Ni(OH),. Compared to

the d-band center of the Pd at -2.58eV, the Pd-Ni(OH),
exhibited a downshifted d-band center at -3.14eV. This
downshift effectively weakens the binding strength of
the carbonyl intermediate at the Pd site, as shown in
Figure 9A.

Furthermore, they conducted in-depth studies on
the adsorption and activation of OH species through
cyclic voltammetry (CV) tests. The experimental
results revealed that Pd-Ni(OH), had a lower onset
potential for OH adsorption/desorption peaks (0.4V vs.
RHE) compared to Pd/NF (0.5V vs. RHE), while Pd/C
demonstrated almost no peaks, as shown in Figure 9B.
This suggests that the oxygenophilic nature of Ni(OH),
assists in efficiently oxidizing OH™ on the Pd surface to
form *OH adsorbed species. By combining the downshift
of the d-band center of the Pd and the enhanced
oxyphilicity of Ni, the interfacial interactions synergistically
facilitate the rapid desorption and transfer of GA from the
active Pd site to the inactive Ni site, thereby preventing
its over-oxidation.

Comparing different preparation processes for glycolic
acid, the electrochemical method utilizing EG derived
from PET plastic exhibits several advantages. These
include a high yield of glycolic acid, low reaction voltage,
and low precious metal mass loading. These advantages
contribute to the economic viability of electrochemical
reforming of PET waste plastics for glycolic acid
production.

4 CONCLUSIONS AND PROSPECTS

With the escalating accumulation and environmental
impact of plastic waste, research on plastic degradation
and recycling has gained significant importance. In the
context of electrochemical reforming and upgrading of
PET waste, modification of catalyst surface interfaces
plays a crucial role. The catalyst surface interface, as
the region where gas, solid, and liquid phases interact,
directly influences catalytic activity and reaction selec-
tivity. This review discusses the fundamentals of PET
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depolymerization including the structure of PET, the
decomposition mechanism as well as the decomposition
path and products of the PET. In addition, the research
progress of the catalysts’ interface engineering for
electrocatalytic upcycling of PET-derived EG has been
discussed detailedly from the perspectives of the type of
electrocatalytic products, including C1 and C2 products.
The aim is to inspire further research ideas to tackle
the urgent challenges of the ecological environment
crisis and the transformation and upgrading of PET
plastic waste. Additionally, the review also analyzes and
provides prospects for the problems and solutions in this
field.

(i) Catalyst design and optimization remain an
important area for future exploration. Researchers
can continue to investigate novel catalysts for the
electrocatalytic PET-derived ethylene glycol process,
utilizing advanced computational methods and
experimental techniques to study the active centers,
surface structures, and lattice defects of catalysts,
thereby enhancing their activity and selectivity.

(ii) Interface engineering and regulation of
electrocatalytic performance are crucial factors in
electrocatalytic processes. Future studies can focus on
exploring the effects of different interface materials and
structures on electrocatalytic performance. Suitable
methods can be developed to regulate electron
transport, proton transport, and mass transfer at the
interface, thereby improving the yield and purity of
ethylene glycol.

(iii) Application development for electrocatalytic
PET-derived ethylene glycol holds substantial potential
in areas such as the synthesis of high-value-added
compounds and energy conversion. Future research can
integrate electrocatalytic PET-derived ethylene glycol
technology with other related fields, such as combining
it with renewable energy sources like solar or wind
power to drive the process using green energy. This
integration can lead to the development of additional
applications and products, promoting sustainable
development and a circular economy.

(iv) Electrocatalysis holds great promise as an
alternative technology to conventional thermal catalysis
or traditional water electrolysis for the oxidation of
alcohols into carbonyl compounds. Nevertheless, current
research in this field still faces certain limitations. Firstly,
there is a lack of comprehensive investigation into the
relationships between working electrode materials,
alcohol substrates, and electrogenerating intermediates.
This knowledge gap hampers our understanding of
reaction mechanisms and catalytic activities. Secondly,
in electrocatalytic reactions, electrodes often struggle
to differentiate between various reactant molecules.
This can result in excessive oxidation/reduction of
products and redox reactions of solvent molecules,
thereby compromising reaction selectivity and product
purity. To overcome these challenges associated with

single-electron reactions, a viable approach is to
combine photocatalysis with electrocatalysis, forming
a synergistic photocatalytic system. By leveraging
the potential of photocatalytic technology, it becomes
possible to achieve higher reaction selectivity and
activity in both homogeneous and heterogeneous
catalytic reactions, thus opening up new prospects in
this field.
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