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Intergranular cracks

. Intragranular cracks
severe electrolyte corrosion longer diffusion length
< planar gliding

S / . planar glicgl\g
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4 ' Boundary-free
Short diffusion : configuration higl

PC92: length uniform structural integrity
domain structure high tap density

IBP-SC92

Homogeneous
reaction inside
rimary particles |

stability

Heterogeneous Robust IBP

g
strain between structure defect
particles
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Stagelll (=4.5 V charging stage)
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Stage Il (Charging process)

Stagelll (=4.5 V charging stage)

Decomposition Stabilized oxygen by
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Mn—F bonds

Outer, LiF-rich layer,,""
\ l Inner, Mn—F bonds,*

@ Mn :

LRMO at high voltages 88
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OF |
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S H R 25 E e A BN S A MLk 2E S
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PRGORR, 1= B2l 0 ) RS it A o IR L PR
T A AR, 7E R 20 A KR e
FRAET, ATl AR T A SRR D 90%, M i
FRT IR R E S % et . BT Gr-SAMnI
NCMS811 AL LI AE 2 C 53R PR 1500 K5 %5
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FErf, SR SO S R L TR TS DL
AR/ S VR TR ) T4 4 B TR, PSA 25 Rk
W, T UKL AR 5 S AR X Lt A A L
TR . ST LA NCM622|| £1 88 5 4, B 1 oy
W, B0 UE TIXHESR A R0 76 25°C Fn 45°C T, fifk
HHESH] 5 4R T A 26.63% F1 32.76%, T4k
FLERFERE N BISTER 70.97% F1138.41% 1B E T )
25 HIBHEBILRWIEEGAL
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FEAR AR L A (8] 4)Y HALEEAE T s h
R HRL 3 Wk (8.2 mHz) BBV Ak 55 1 1 46 v, B
I TE AR AE o LT i 5 | R ) I s g [T, o Bk st

(a) High
Maximum instantaneous discharge current - * o diferem
Rest fraction at high SOC o °
Peak frequency f; | L] . - 7‘3
Rest SOC |- ., §
Normalized current variance L3 3 s
Relative charge fraction | L] o o A
Peak frequency f; % o .
) | ) ) ) Low
-20 0 20 40 60
Impact on EFC prediction (cycles)
(b) (c)
Peak frequency f; 03 o Peak frequency f, 025 o
Peak frequency f, % Peak frequency f; %
Rest SOC & Rest SOC ‘é
Rest fraction at high SOC g Rest fraction at high SOC g
Relative charge fraction ° Relative charge fraction ®
Maximum instantaneous discharge current % Mammlérixslcl]f‘ﬁggtggg%%st %
Normalized current variance = Normalized current variance 0 =
=B =R =Rs == =]
CEEEEEEEE EEEEE
853838838 EEEEEE
(=R =i = =R i - c © © © © ©
EEEEEE8 8 S LRSS
338338383333 SISESR- Lo
oo oo ool ol oo o oo <
[EEnEnEnEnEapagags)
(d) , C/6+-C/0 «C/5 «C/2 (e) C/16 = C/10 «C/5 = C/2 (f) , €16 +C/10 «C/5 «C/2
= 1.30 < 100 £=0.59 & 1.22 . p=0.16
s 3 . . = - .
2 X ', t N =
N 1.15 = 0.96 Y % N 111
= ] i ' s
E £ U £
2 1.00 0.92 . ’ S 1.00
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Review of technological hotspots of lithium-ion battery in 2025
ZHOU Haoran', CHEN Biao’, ZHAO Zhikun’, JJANG Cao’, PENG Yiyang', LIANG Mingyuan', GONG Yongji”, CHENG Fangyi'

1. College of Chemistry, Efficient Storage Engineering Research Center (Ministry of Education), State Key Laboratory of Advanced
Chemical Power Sources, Nankai University, Tianjin 300071, China

2. School of Materials Science and Engineering, National Industry-Education Platform for Energy Storage, Tianjin University, Tianjin
300354, China
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Abstract The relentless pursuit of enhanced lithium-ion battery (LIB) performance is crucial for enabling the widespread adoption of
new-energy vehicles, smart grids, and robust equipment for extreme environments. This review comprehensively surveys the key research
advances from 2024 to 2025, focusing on five pivotal frontiers: boosting energy density, extending cycle life, expanding operational
temperature windows, fortifying safety, and enabling efficient recycling. A notable paradigm shift is observed at the material
level—spanning cathodes, electrolytes, anodes, and interfaces—where strategies have evolved from post hoc defect mitigation toward
proactive, mechanism-driven design, and from single-property optimization to holistic multi-objective engineering. At the system level,
the convergence of Al-assisted prediction, embedded smart sensing, and adaptive thermal management is revolutionizing the paradigm for
full-lifecycle battery management and control. By critically examining the scientific principles and engineering approaches underpinning
recent breakthroughs, this work offers a timely perspective and forward-looking analysis to guide the development of next-generation
high-performance LIBs.

Keywords lithium—ion batteries; energy density; cycle life; wide temperature range; battery safety; recycling and regeneration;

interface engineering; Al—prediction
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