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BREBM | EPUAHIE® OB | NHs 4 B %) | NHs 4 plos NO, 2 %) %
V vs RHE | V vs RHE # FEnns % mgnus h'lmge,'cm™? | FEno2- %

0 0 14.9 0.06 9.1

-0.2" -0.19 99.4 12.6 1.5

-0.4 -0.35 94.0 26.5 0.3

—0.6 -0.53 48.8 61.0 trace
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BOEBA | P E® OBAL | NHs 4 B %) | NHs 42 plOs NO, 2 5l 2 =
V vs RHE | V vs RHE # FEnus % mgnus h''mgea'em? | FEno2- %

0 0 67.5 4.31 14.6

-0.2 -0.18 94.5 29.7 1.5

-0.4 -0.37 69.3 36.6 0.3

-0.6 -0.53~-0.5 56.2 61.7 0.65
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R E AL B EZ OBA | NHs A4 Ak 20 | NHs A2 plood B NO2 2 &
V vs RHE | V vs RHE # FEnns % mgnus h'lmge,'cm? | FEno2- %

0" 0 95.6 7.68 10.6

-0.2 -0.18 90.6 36.1 0.70

-0.4 -0.35 76.0 40.0 0.54

—0.6 -0.53 39.6 41 trace
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BOEBA | P E® OB | NHs 4 B %) | NHs 42 plos NO, 2 5l 2 =
V vs RHE | V vs RHE # FEnus % mgnus h''mgea'em? | FEno2- %

-0.2 -0.14 82.6 55.4 2.0

-0.4 -0.29 72.6 80.0 1.1

—0.6 -0.48 68.1 321.2 2.8
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THEE AL TCOEMTHRK 321 mgyus h'mgea'em? O 7 U E=TAREEEZ LT, 7u—+t
NEAWTEGEMS T, EHAERSIR 84% ., AAEE 22.3 mgnus hlem2IZE L., 3 DH
DEBRBE COHEBEMPAETHDIZEEH LML,

S 1E. TEM, XAFS & W7ol oo 100 3R 72 o i P {b. 77 7 7 = IRINIC X 215 M b
ORFEMHEZERT S, T/, TrE=T0O7 /— Kbz AW MEN A 4> 0EFR
R EMRAET 5 TETH D, BB, A THONUILKRIL., S bIChRTFFEZER, KEEHIC
FRMEBLOETM E M LE~OERE EmT 5,



o

AR BATT 2I2HTD . KEMHIEN R LRSI ERKRN O 2 R T XEETHE

Fl, ZZICRLTHEZRLET,

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(@)

©)

25 XH

Mishra, S.; Singh, V.; Cheng, L.; Hussain, A.; Ormeci, B. Nitrogen Removal from Wastewater: A
Comprehensive Review of Biological Nitrogen Removal Processes, Critical Operation Parameters and
Bioreactor Design. J. Environ. Chem. Eng. 2022, 10 (3), 107387.
https://doi.org/10.1016/j.jece.2022.107387.

Inaba, T.; Goto, T.; Aoyagi, T.; Hori, T.; Aoki, K.; Sato, Y.; Ono, N.; Furihata, T.; Habe, H.; Ogino, S.;
Ogata, A. Biological Treatment of Ironworks Wastewater with High-Concentration Nitrate Using a
Nitrogen Gas Aerated Anaerobic Membrane Bioreactor. Chem. Eng. J. 2022, 450, 138366.
https://doi.org/10.1016/j.cej.2022.138366.

Meng, S.; Ling, Y.; Yang, M.; Zhao, X.; Osman, A. I.; Al-Muhtaseb, A. H.; Rooney, D. W.; Yap, P.-S.
Recent Research Progress of Electrocatalytic Reduction Technology for Nitrate Wastewater: A Review. J.
Environ. Chem. Eng. 2023, 11 (2), 109418. https://doi.org/10.1016/j.jece.2023.109418.

Chen, D.; Yin, D.; Zhang, S.; Yip, S.; Ho, J. C. Nitrate Electroreduction: Recent Development in
Mechanistic Understanding and Electrocatalyst Design. Mater. Today Energy 2024, 44, 101610.
https://doi.org/10.1016/j.mtener.2024.101610.

Garcia-Segura, S.; Lanzarini-Lopes, M.; Hristovski, K.; Westerhoff, P. Electrocatalytic Reduction of
Nitrate: Fundamentals to Full-Scale Water Treatment Applications. Appl. Catal. B Environ. 2018, 236,
546-568. https://doi.org/10.1016/j.apcatb.2018.05.041.

Zhou, J.; Zhu, Y.; Wen, K.; Pan, F.; Ma, H.; Niu, J.; Wang, C.; Zhao, J. Efficient and Selective
Electrochemical Nitrate Reduction to N2 Using a Flow-Through Zero-Gap Electrochemical Reactor with a
Reconstructed Cu(OH)2 Cathode: Insights into the Importance of Inter-Electrode Distance. Environ. Sci.
Technol. 2024, 58 (10), 4824-4836. https://doi.org/10.1021/acs.est.3¢10936.

Etesami, M.; Nguyen, M. T.; Yonezawa, T.; Tuantranont, A.; Somwangthanaroj, A.; Kheawhom, S. 3D
Carbon Nanotubes-Graphene Hybrids for Energy Conversion and Storage Applications. Chem. Eng. J.
2022, 446, 137190. https://doi.org/10.1016/j.cej.2022.137190.

Kinloch, I. A.; Suhr, J.; Lou, J.; Young, R. J.; Ajayan, P. M. Composites with Carbon Nanotubes and
Graphene: An Outlook. Science 2018, 362 (6414), 547-553. https://doi.org/10.1126/science.aat7439.
Han, S.; Li, H.; Li, T.; Chen, F.; Yang, R.; Yu, Y.; Zhang, B. Ultralow Overpotential Nitrate Reduction to
Ammonia via a Three-Step Relay Mechanism. Nat. Catal. 2023, 6 (5), 402—-414.
https://doi.org/10.1038/s41929-023-00951-2.

(10) Yang, K.; Han, S.-H.; Cheng, C.; Guo, C.; Li, T.; Yu, Y. Unveiling the Reaction Mechanism of Nitrate

Reduction to Ammonia Over Cobalt-Based Electrocatalysts. J. Am. Chem. Soc. 2024, 146 (19), 12976—
12983. https://doi.org/10.1021/jacs.3c13517.

(11) Chen, X.; Cheng, Y.; Zhang, B.; Zhou, J.; He, S. Gradient-Concentration RuCo Electrocatalyst for

Efficient and Stable Electroreduction of Nitrate into Ammonia. Nat. Commun. 2024, 15 (1), 6278.
https://doi.org/10.1038/s41467-024-50670-w.



W Ze s E B EM (AS HIREH %)

?ﬁﬁ‘?;? (ZAakry - KpFRHEH ZHE LEZEZBEEREOHORERETR
;
iR - FEER HEEIXKFHEELTERSE RSB EMEHRELRAELYE— T EA
MEHME(NE] T£HKPOERENDERLEVMEESIEFNICKRET S LEEHNELT,. EFHE
SYDBREHATRELERMEOMRFEEZBIE L=,
[RR] A—FRoF/Fa—TJEBETS 7z UEEREK, QNI REDLBDIIL T L%
& LT, CogRu/CNT-rGO(:DEFFE L=, COMENHEBA AN T o EZTERIZ
BLWEMRZEHOIELEEFHELNIILE, ChlE, FUrEZT7EEBALE-HENGRERHTIICE

FARTREGRAR TH S
NH;
NO5~
e FIERRHR
-?m 84%
R . EIERRE
s 22 mg cm2 hl

20 30 40
Time [hour]

408 BT B AR




