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Progress of urea electrocatalytic synthesis based on CO, and Nitrite/Nitrate

CHEN Hongmei, YANG Zequn, CHEN Boshi, LI Minyu, LI Hailong
(School of Energy Science & Engineering, Central South University, Changsha 410083, China)
Abstract : The excessive emission of CO, is one of the biggest environmental issues facing the 21st cen-
tury, which seriously threatens the sustainable development of human society. In all kinds of ways to a-
chieve carbon capture and transformation, converting CO, to high—value additional products based on
electrocatalytic method is an effective way to relieve the pressure of environmental protection and indus-
trial production, improve the utilization of carbon resources, and contribute to achieving the goal of car-
bon neutrality. Compared with industrial urea synthesis under high temperature and high pressure con-
ditions, the electrocatalytic co—reduction of CO, and NO,/NOj to urea under mild conditions with low
energy consumption and low secondary pollution is a promising way for industrial CO, utilization. From
this perspective, research progress toward electrocatalytic synthesis of urea by CO, and NO,/NOj is re-
viewed based on the urea formation process and its intrinsic mechanism on different catalysts with the
design and synthesis of catalyst and C—N coupling mechanism being highlighted. Designing materials
that can co—adsorb and co-reduce CO, and NO;/NO, is a key challenge for the electrocatalytic synthe-
sis of urea. Previous research shows that introducing defects and/or doping heteroatoms is an effective

way to improve the electronic structure of the catalyst, realize the co—adsorption of CO, and NO,, and
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improve the efficiency of urea synthesis. For the mechanisms of urea synthesis, the most reported mech-

anism is that urea is generated by direct coupling of * CO and * NH, intermediates or * COOH and

* NH, intermediates. The determination of intermediates in the C—N coupling process is important in

guiding the design of catalysts. The forms of key N intermediates mainly include * NH,, * NH,OH,
* NH and * NO;, and the key C intermediates mainly include * CO and #* COOH. Besides, the fu-

ture research emphasis and difficulties in related fields are further summarized and proposed based on

the discussion of the catalyst design synthesis and urea formation mechanisms.

Keywords:CO, ; Urea; Electrocatalysis; C—N coupling
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Table 1 Performance of electrocatalytic C—N coupling for urea synthesis

N ¥ HEAEFR HL ATt 25 Y R/ V REH BERERRCR/ % HL AR S5 30k
Cu flow cell -0.75(vs SHE) 37 0.2 M KHCO5+ 0.02 M KNO, [21, 22]

Ag flow cell -0.75(vs SHE) 37 0.2 M KHCO;+ 0.02 M KNO, [21]

Zn flow cell -1.0(vs SHE) 55 0.2 M KHCO;+ 0.02 M KNO, [23]

Au flow cell -1.6(vs SHE) 0.2 M KHCO;+ 0.02 M KNO, [24]

In flow cell -1.3(vs SHE) 32 0.2 M KHCO5+ 0.02 M KNO, [25]

Co-PC flow cell -0.75(vs SHE) 25 0.2 M KHCO5+ 0.02 M KNO, [26]

Ni-PC flow cell -1.5(vs SHE) 41 0.2 M KHCO5+ 0.02 M KNO, [26]

NO3 Pd-pPC flow cell -1 (vs SHE) 23 0.2 M KHCO5+ 0.02 M KNO, [26]

Cu-Pc flow cell —1(vs SHE) 22 0.2 M KHCO;+ 0.02 M KNO, [26]

Fe-Pc flow cell -0.75(vs SHE) 25 0.2 M KHCO;+ 0.02 M KNO, [26]

ZrB, flow cell -1.3(vs SHE) 33 0.2 M KHCO;+ 0.02 M KNO, [27]

Te—Pd NCS H cell -1.1 12.2 0.1 M KHCO5+ 0.01 M KNO, [28]

AuCu SANFs H cell ~1.45(vs Ag/AgCl) 38896 ug - h™' - mgl 247 0.2 M KHCO;+ 0.02 M KNO, [29]

Zn0-V H cell -0.79 5.52 mmol - h™! + em™  23.26 0.2 M KHCO;+ 0.1 M NaNO, [30]

Cu-Ti0, H cell -0.4 20.8 pmol - h! 43.1 0.2 M KHCO;+ 0.02 M KNO, [31]
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N el FL Tt 25 LR/ V REF=R IRBEERER % HLAEE U 27 30k
Cu flow cell -0.75 — 10 0.2 M KHCO,+ 0.02 M KNO, [22]
7n flow cell -1.75 — 35 0.2 M KHCO5+ 0.02 M KNO4 [32]
Ag flow cell -2 — 10 0.2 M KHCO,+ 0.02 M KNO, [32]
AuPd H cell -0.5 2042 pg - mg™ - h' 156 0.075M KHCO;+0.025M KNO; [33]
Cu@ Zn H cell -1.02 7.29 wmol - em™2 - h™' 9.28 0.2 M KHCO,+ 0.1 M KNO, [34]
Ti0,~Nafion H cell -0.52 — 40 0.1 M KNO, [35]
Fe(a)@ C
NO; Fe,0,/CNTs H cell -0.9 13413 ug-h™' - mgll 165 0.1 M KNO, [36]
Cu-N-C H cell -0.90 43 nmol »s™' - em™ 28 0.1 M KHCO3+ 0.1 M KNO; [37]
B-FeNi-DASC H cell - 20.2 mmol - h™' - g™ 17.8 0.1M KHCO;+50mM KNO, [38]
(vs Ag/AgCl)
In(OH) ;=S H cell -0.6 533.1 pg-h! -mgll 534 0.1 M KNO, [39]
InOOH-V H cell -0.5 5925 ug - h™' +mgll 51 0.1 M KNO,4 [40]
F-doped CNTs H cell -0.65 6.36 mmol - h™! - g7} 18 0.1 M KNO4 [41]
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Fig. 1 Electrocatalytic performance of urea synthesis
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