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(a) Schematic diagram of NiO-Vo NAs/CTT preparation; (b) scanning electron microscope and

(¢) transmission electron microscope images of Co,,Mn, ;0,/CC; (d) Cyclic voltammetry curves of

CC, Co,,Mn, ;0,/CC and MnO, at a scan rate of 0.2 mV/s'* "%
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Co 2 Ru-Co-Al master alloy MP-RuCoAl alloy L CoAl-LDH
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(b) KB/MP-RuCoAl44: L CoAl-LDH . KB/CoAl-LDHFTKB/MP-RuCoAl &4 (RE R [ £

B4 (a)KB/MP-RuCoAl 44 L CoAl-LDH |47~ & &l ; (b) KB/MP-RuCoAl 445 L CoAl-LDH
KB/ CoAl-LDH F1 KB/MP-RuCoAl 44 UG FR i £k >
Fig.4 (a) Schematic diagram of the preparation of alloy KB/MP-RuCoAl L CoAl-LDH,
(b) cycle curves of alloy KB/MP-RuCoAl L CoAl-LDH, alloys KB/CoAl-LDH and KB/MP-RuCoAl"*"
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Fig. 5

(a) Structure diagram of COF-Ru@ CNT; The electrodes of CNT, COF-CNT, Ru@ CNT and

COF-Ru@ CNT are subject to (b) charge/discharge curve with a current density of 2 00 mA/g and
(¢) charge/discharge curve with a cutoff specific capacity of 1 000 mA +h/g'*’
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Fig.6 (a) Charge and discharge curves at a current density of 200 mA/g and a cutoff specific capacity of
1000 mA-h/g; (b) Cyclic stability test curve; (c¢) Charge and discharge curves at a current density of
1000 mA/g; (d) Scanning electron microscope image of the top and side of the positive electrode ;

(e) Scanning electron microscope image of the positive electrode microchannel ; Scanning electron microscope

images of (f) the original positive electrode and (g) the positive electrode surface after 100 cycles' ™
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Fig.7

(a) Complete charge and discharge voltage curve of CoPPc electrode in CO, and Ar atmosphere

(current density is 0. 1 mA/cem’®, cut-off voltage is 2 V) ; (b) Cycle curve and (¢) X-ray diffraction

patterns spectrum under the conditions of current density of 0. 05 mA/cm’® and cut-off specific capacity of

1 mA-h/em’; (d) Scanning electron microscope images of CoPPc at 0. 1 mA/cm’, (e) 0.2 mA/cm’,
and (f) 0.3 mA/cm*™
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(a, b) TEM images of IrNSs-CNFs; (c¢) Cycling curve of Ir NSs-CNFs, CNFs; (d) Charge and

discharge curves of IrNSs-CNFs and CNFs; (e —g) SEM images of CNF electrodes with discharge to
0.5 mAh-cm ™ 1.0 mAh-em > 2.0 V, respectively; (h—j) SEM images of Ir NSs-CNFs electrodes
with discharge to 0. 5 mAh-cm ™ 1.0 mAh+cm > 2.0 V, respectively"™®

3.3 EEEENE

h TP Li-CO, Bt CO, 5 A 850 R A 1Y )
A BT AN R R A A B S A 0 Ak
B A B A A AR S5 H i A AL R 2 S8 Co, 7%
TRAAL A A5 e KA 5 BRI, Chen 2513
1 iR #rp 5 ( High-temperature shock, HTS) 4 K
il 25 T A (111) b B OLE ) i = 4 2 FLAMiEAL
1 (porous-Pt-(111) @ CC) , n KWK 9 (a) iR,
YEH Li-CO, Lt IE AR A AL ), 2 427 T Li-CO, HL
WY CO, AL % DFT T3 £ W], & 9 (b) fiF
7%, Pr(111) FHTERF CO, (Li* Fl Li, CO, (W K HE 43 31)
H-0.43 eV, —1.12 eV Fl = 1.53 eV, & H Al 5
AR TR CO, IR IV (CO,RR) 1M, 73 fif g
HARAUH 1. 09 eV et T Li, CO, (194 iS5 20 fift 5 R
2R A SR F B IR 9 () FTzR , 75 HL I % 5
20 wA/cm’ Fl 40 pA/em®, B HE H A
100 pA-h/em® B, £ fL-Pt-(111) @ CC H % Y
Li-CO, Bt ] 23 51 FS I PR 3 100 ¥ ( > 1000 h)

F11200 YR (XHRTF 1000 h) ;B 9 (d) m A1, L4
P3N T A AR A7 A (5 P 7 ) 2 IR AR, i T
Jilf Pt@ CC HLHR % j i JURE R s 7= 9, ELAG
Wit B AR 25 R A e B, Ak BT R
ZIL-Pt-(111) @ CC HL 1) BB A %4 f# L4, CO,,
Raman)Gi5%F XPS 43 #r it — 2050k 1 5 7= M) i Al
W, HTS EARF LI ZFL-P-(111) @ CC 254418
T R PR YR 3 RS A R N AV A R T
THARE R, R — X R KRR IR A R A A L R
PR AE T IR H R s i g %

4 ZhehHREye

Li-CO, HLtL (4 % R A5 Ak T 400 9 it BL, T i CO,
SRS LT Rz Mo S N BUR é =S L 1 i
ARk A - AR A T IE AR AT T
W, ASCERR T i P 4 T B AR AL 57
ATEPE RIS A A, A5 S 4 THIE AL TR PE RE Y
BT RmG , BREE TTRR XUEE Al SRR



2025 4F 10 A% S W SEICIRAE . Li-CO, H ik I 4 Ja 25 T AR A Ak 55 38 11 SR W A 5 i e .25 -
(b) . .
(a) sl €O, = Li mm[iCO,
CO, Wy th R
C+2Li,CO,~4Li+3CO0,
oL
@0 CO,
COE 5
Ptk 4Li+3C0,~C+21i,C0,
Pr(111) Pt(200) Pt(220)

(0
;\ aor Porous-Pt-(111)@CC 40 pA/cm?
=351
= 3.0
w2.5F
1 2.0f
# 1.5, 200 400 600 800
Z 40
= 3.5F Porous-Pt-(111)@CC 20 pA/cm?
=
= 3.07‘““‘A,‘.H.....“‘. A .Aw.‘..‘.y.."1.‘.‘;.“.‘.‘,:“.‘.1"““,.A‘.,‘.‘.““,,,....‘.‘_‘; ‘\‘\ anand
© 251 l Luuuuuy U i [ gy JUUURL it
1 2.0r
215 200 400 600 800

B /s

B9 (a)%T porous-Pi-(111)@ CC HEALFIAY Li-CO, HEBAY CO,F LR m Kl ; (b) CO, Li*
Li, CO, 7 Pt Ferfi A [FIH ) b AR HLES s (o) AR IR R 40 A/ em® 1 20 wA/em’ B, Z4L-Pt-

(111) @ CC HUBMFFERIIZL ! 5 (d) Z4L-Pt-(111) @ CC FIFR Pr@ CC HUAB AR T LA
Fig.9 (a) Schematic diagram of CO, conversion process of Li-CO, cells based on porous-Pt-(111)@ CC

catalyst; (b) Comparison of adsorption energies of CO,, Li* and Li,CO, at different orientations on the

surface of Pt; (¢) Cycle curves of porous-Pt-(111)@ CC electrodes at current densities of 20 A/ cm’
and 40 pA/cm™®’; (d) Electrode morphology under discharge state of porous-Pt-(111)@ CC and
original Pt@ CC electrodes
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Research progress in design strategies of transition metal-based
cathode catalysts for Li-CO, batteries
DOU Shina', WANG Shidong”, Li Xianhong’, MA Jianping’, GAO Haiyang’ ,
WANG Jingang' , MA Wenqing' "
(1. Institute for Advanced Interdisciplinary Research, University of Jinan, Jinan 250022, Shandong, China;
2. Liaocheng Institute of Product Quality Supervision & Inspection, Liaocheng 252004 , Shandong, China;
3. Shandong Sacred Sun Power Supply Co. , Ltd. , Qufu 273100, Shandong, China)
Abstract; Driven by energy transformation and carbon neutrality, Li-CO, batteries have become a frontier energy
storage technology due to their high energy storage efficiency and CO, utilization potential. However, their
development is limited by the high decomposition energy barrier and slow reaction kinetics of the discharge product
Li,CO;. In order to promote the development of high-performance Li-CO, batteries, researchers are committed to
exploring cathode catalyst design strategies, aiming to improve catalyst performance and thereby enhance the
reversibility and kinetics of the CO, reduction reaction and CO, evolution reaction. This paper reviews the latest
research progress on transition metal-based catalysts for Li-CO, batteries and discusses how improving the activity of
catalytic sites and increasing the density of catalytic sites through catalyst composition and structure design play a
key role. On the one hand, through defect engineering, bimetallic, alloying, and heterogeneous interface
construction, the activity of catalytic sites can be improved, the electronic properties of catalysts optimized, and the
adsorption and activation capabilities for reactants and intermediates enhanced, thereby regulating the reaction
pathway and inhibiting side reactions. On the other hand, with the help of porous structure design, single-atom
catalysts, and crystal plane regulation, the density and utilization efficiency of active sites are significantly
increased, mass transfer and charge transfer channels optimized, and the morphology distribution of discharge
products improved. Future research should focus on elucidating the catalysts influence mechanism on the battery
reaction pathway, realizing pathway regulation, establishing theoretical foundations for the precise design of high-
performance and highly reversible Li-CO, cathode catalysts, and promoting their practical application.
Key words; Li-CO, battery; transition metal ; catalyst composition design; structure design; catalytic site activity ;

catalytic site density; CO, reduction; CO, evolution



