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Efficient electrochemical
wastewater treatment on a
customized three-phase interface

Bin Liang,' Joshua Phipps,' and Shenggian Ma'-*

The development of high-performance catalysts for organic waste-
water treatment has proven itself to be a very challenging chemical
problem. In this issue of Chem Catalysis, Zhang and co-workers
report a Ru-MnO,-mTi anode material through a three-phase inter-
face engineering strategy. The Ru-MnO,-mTi catalyst demonstrates
exceptional efficiency for the electrochlorination degradation of
dyes found in wastewater from the textile industry.

The rapid growth of industrialization,
especially in less developed areas, has
led to numerous environmental chal-
lenges, including water scarcity and
contamination. These issues are largely
due to the high demand for water by
the manufacturing industry, particularly
the textile industry.” This sector alone
uses 10% of the world’s industrial water
supply, which equates to a staggering
93 billion cubic meters of water per
year. Additionally, it is estimated that
up to 20,000 chemicals are used globally
for textile manufacturing, contributing
significantly to the release of gaseous
and solid wastes and wastewater pollu-
tion.” Textile dyeing and treatment are
responsible for as much as 20% of indus-
trial water pollution, and they not only
damage the environment but also put
human health at risk.®> Therefore, to
address the challenges posed by the
textile industry’s wastewater and to pro-
mote sustainable water resource man-
agement, public health protection, and
environmental preservation, it is essen-
tial to develop effective methods for
organic wastewater treatment.

Annually, the textile industry releases a
significant amount of textile dyes into
the environment through the discharge
of industrial wastewater worldwide. The
presence of these dyes in wastewater
is a major challenge for wastewater
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treatment. Various treatment methods,
including physical (adsorption and mem-
brane filtration), biological (enzymes and
microorganisms), oxidation (advanced
oxidation and chemical oxidation), and
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electrochemical methods,
able for the removal of dyes from this
mixture. Electrochemical wastewater
treatment in particular offers several ad-
vantages. This method operates flexibly
at ambient temperature, requires a small
operational area, saves time, and pro-
vides robust and versatile performance
for the degradation of typically uncoop-
erative pollutants in complex textile
wastewater. Additionally, electrochemi-
cal wastewater treatment can simulta-
neously perform the separation and
degradation of dyes in wastewater, mak-
ing it an effective and efficient method
for the treatment of textile wastewater.
Because of the advantages of the electro-
chemical wastewater treatment tech-
nique, extensive efforts are being devel-
oped for organic wastewater separation,
remediation, and valorization.® However,
several challenges still serve as impedi-
ments to the field of electrochemical
wastewater treatment, including the con-
ventional design of catalytic electrode

materials and catalytic interfaces.

In this issue of Chem Catalysis, Zhang
et al. report the development of an
advanced three-phase interface nano-
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pore-network-regulated Ru-MnO,-mTi
catalyst, which demonstrates high effi-
ciency in the electrochlorination degra-
dation of dyes present in the organic
wastewater from textile industries.’
This work presents a cost-effective and
simple strategy for producing a cata-
lytic interface by using Ru-MnO,
nanoarrays regulated with a nano-
pore-network structure. The fabrication
process involves the electrodeposition
of a MNOOH nanoarray precursor onto
the bare surface of the Ti mesh anode,
an ion-exchange reaction of Ru®* ions,
and a crystal-phase transfer through
mild annealing in the air (Figure 1A).
The as-prepared Ru-MnO,-mTi anode
maintains the original three-dimen-
sional architecture of the vertically
aligned MnOOH nanoarrays. This
unique structure offers vertical-stand-
ing channels for rapid transportation
of species during the electrochemical
process. The atomic-scale Ru sites are
well dispersed and anchored onto the
surface of the MnO, nanoarray, allow-
ing them to exhibit good mechanical
stability between the catalyst and sub-
strate, as well as maintain high catalytic
activity during the electrochemical
degradation process. Compared with
conventional flat anode surfaces, such
as Pt and mTi plates, which have high
adhesion forces of 214 and 158 uN,
respectively, the Ru-MnO,-mTi anode
features a low adhesion force of only
49 uN. As a result of the microstructure
of nanoarrays and this low adhesion
force of the interface, the Ru-MnO,-
mTi anode exhibits a superaerophobic
characteristic with a bubble equilibrium
contact angle of 135° (Figure 1B), which
favors the detachment of produced
chlorine  bubbles.’® The regulated
release of chlorine bubbles further alle-
viates the blockage of the active sites,
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Figure 1. Synthesis of Ru-MnO,-mTi and its applications in wastewater treatment

(A) Schematic illustration of the synthetic process of the nanopore-network-regulated Ru-MnO,-mTi.

(B) Bubble equilibrium contact angle of anode substrates.

(C) Performance comparison with other reported anode materials.
(D) Dye removal of wastewater by the scale-up Ru-MnO,-mTi catalyst.

Adapted from Zhang et al.”

leading to improved electrocatalytic ef-
ficiency. Furthermore, the controllable
generation and detachment of chlorine
bubbles enhance the utilization of chlo-
rine resources and prevent the hazards
that can associated with chlorine gas

time and manifested the lowest overpo-
tential losses, indicating its stable and
efficient electrocatalytic performance
during wastewater treatment. Mean-
while, the results of treatment tests with

real wastewater samples show that the

phase catalytic interfaces in the nano-
pore-network-regulated catalyst demon-
strate desirable performance in terms
COD removal, and
energy consumption for the treatment

of color removal,

of real wastewater (Figure 1C). To eval-

leakage. Ru-MnO,-mTi anode is highly effective uate the viability of using the proposed
at breaking down chromophores in that Ru-MnO,-mTi anode in large-scale
Compared with commercial Pt plates, the it achieved nearly 100% color removal industrial applications, Zhang et al.

Ru-MnO,-mTi anode displays not only
superior chlorine evolution reaction
(CER) activity but also good stability.
The results demonstrate that the
Ru-MnO,-mTi anode provides superior
SER selectivity at almost 100%. Chrono-
potentiometry tests performed at a
current density of 20 mA cm ™2 for 10 h re-
vealed that the average voltage platform
of the Ru-MnO,-mTi anode is signifi-
cantly lower than that of the Pt plate
and MnO,-mTi (1.741 versus 2.692 and
3.377 V, respectively). Additionally, the
voltage platform of the Ru-MnOg-mTi
anode remained nearly constant over

2 Chem Catalysis 3, 100642, May 18, 2023

n just 4 h. The kinetic rate constant of
chromophore breaking was higher for
the Ru-MnO,-mTi anode than for both
the Pt plate and MnO,-mTi. Also, the
usage of Ru-MnO,-mTi resulted in an
impressive chemical oxygen demand
(COD) removal rate of approximately
90.0% after 11 h of electrolysis, and
when achieving an 80% COD removal
rate, the Ru-MnO2-mTi anode consumed
only 12.237 kWh m 3 of electricity, which
was approximately half of the energy
consumed by the commercial Pt plate
(24.087 kWh m~3). Compared with other
reported works, the developed three-

developed a prototype with a scale-up
100 L wastewater treatment capacity to
bridge the gap between laboratory
findings and real-world implementation.
After 14 h of electrochlorination treat-
ment on simulated wastewater, the
optimized design of the scale-up proto-
type modules achieved an impressive
color removal rate of nearly 100% within
6 h (Figure 1D) and a COD removal
rate of approximately 90.7%. More
impressive, however, was the cost assess-
ment of the Ru-MnO,-mTi anode, which
was determined to be approximately
$157.1 m~2, which is equivalent to just
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~5.1% of the cost of a conventional
boron-doped diamond (BDD) anode.

This work has developed an advanced
three-phase interface engineering strat-
egy for the synthesis of Ru-MnO,-mTi
anode materials with intrinsic surface
activites, a mesoscale commuting
network, and a superaerophobic feature.
This nanopore-network-regulated cata-
lyst demonstrates a high level of
electrochlorination ~ degradation  effi-
ciency toward the treatment of real textile
wastewater. The implementation of
such a customized interface engineering
strategy is anticipated to offer novel pos-
sibilities for the precise and controllable
manufacturing of various catalysts in the

future.
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