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Research Progress of Crosstalk Behavior

in Lithium Batteries
MA Jun'??

(1. Qingdao Industrial Energy Storage Research Institute, Qingdao Institute of Bioenergy and Bioprocess Technology,
Chinese Academy of Sciences, Qingdao 266101, China; 2. Shandong Energy Institute, Qingdao 266101 ,China;
3. Qingdao New Energy Shandong Laboratory, Qingdao 266101, China)

Abstract Lithium batteries with high safety and high energy density are important energy storage technol-
ogies supporting the speeding-up of energy transformation. However, the electrical, chemical, mechani-
cal, and thermal failure behaviors of lithium batteries decrease the capacity, cycle life, and safety, which
seriously hinders the development of high energy density and high safety lithium batteries. Herein, the
latest research progress of electrical/chemical/mechanical/thermal crosstalk behavior in lithium batteries
and the corresponding solution strategies are summarized from the perspective of synergistic effect between
cathode and anode. Furthermore, the similarities and differences of electrical/chemical/mechanical/ther-
mal crosstalk failure behaviors between conventional lithium batteries using liquid electrolyte and all-solid-
state lithium batteries using solid electrolyte are compared and analyzed. Moreover, a new view of electri-
cal/chemical/mechanical coupling crosstalk behavior is summarized. Finally, the important research direc-

tions to further understanding and solving the electrical/chemical/mechanical/thermal coupling crosstalk
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behavior of lithium batteries is prospected.

Key words Lithium battery; all-solid-state; cathode; anode; crosstalk behavior
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Fig. 1 Theoretical calculation results of the material distribution, current distribution at cathode/solid electrolyte and anode/solid
electrolyte interfaces for (a) stochastic cathode and (b) architected cathode (compositions of cathode are 60% active material
and 20% solid electrolyte, thickness of solid electrolyte is 25 ym, the applied current density is 5 mA/cm’ ) ;

(¢) Reaction heterogeneity (i, —imn) at the anode/solid electrolyte interface as a function of electrolyte
thickness for stochastic and architected cathodes taken in (a, b), respectively (black arrows

represent the critical separator thickness for stochastic and architected cathodes) 16]
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Fig. 2 Schematic diagram of electrical crosstalk behavior in lithium batteries (a) Dendrite short circuit; (b) Uneven

lithium deposition on the anode caused by inhomogeneous microstructure of cathode
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Fig. 3 Schematic representation of the polysulfide

shuttle effect in Li-S batteries™*
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Fig. 4 Schematic diagram of the reaction model on the anode after dissolution of the transition metal ion from cathode

(a) Reduction-oxidation reaction model®?; (b) Ion-exchange model’*
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Fig. 5 Schematic illustration of the chemo-mechanical degradation of the cathode caused by the high-strain anode during

during cycling

cycling (yellow ball, black ball, red ball, and gray rectangle represent solid electrolyte Lis PS;Cl particle,
NCA cathode particle, conductive carbon black, and Li-In anode, respectively.

The green circle on the right is the pattern of stress distribution)?”

Yang %505 FH AR 7R 3 T P 3R ) B e R B A5 BROGAT » F 98 T = Fh AT R R ABUAE Tk i
IER AT RIS, LiNiy s Co, s Mng ; O, (NCMS11D Fl LiCoO, IARFVASAAK I K —80% . —7. 8 Y% Al 42 Y5 I % 7 4>
& SR U B AT R SE ), B T — O T AE SRR ) 2 ER I | Ak A e F R B T LA o 4 [ A A P
Rt A, S i NCMS11 A RBAR A6 75 1] 5 48 4 67 b A AR FRUAR A6 T 1) A B2 o % 7 ) A FRAR A 15 0 4 531
B 6 ()1 6() T, X FHERTTIRMLET 2 LR L5 e B, 1E Tl 2 ] B (R FRUAR AR B i 7 g E HJ 4 A S 3
ASHUR R LA T ™ A HUBRBEIR T IH Sk R 1) A 1 S CE 6 (h) AT 6 (D) AT g 2] X 0 L 2
Syl R . 52 A0, LiCoO, TR T i 5480 4 Ja 5 A% i AR B A6 5 1] — 350, TR I o) i1 245 L
TR 15 A X 55 55 A B . A T R IE SO A BRI KA T AN TR 5| & 1 E A 0 g E3 3 1)



LiRE] B P S AT O IR S 39

R, Yang S5 NP9 BT — P 3 P R GE 1% R GE AT LATE A B B e S e e e R L 3
A AR I 1 7 45 TR o B T 7 40 i 22 A A B S I TR T 21 R T B AR A R T i A R G R B ik
PS5 S T SE RGP B I ) . RSl o4 il R A B Tk v ) A PO 18 e e ] A R b
AR ER A7l » 3000F T T 2 e P R A 1 2 P Pl b AT T A 8

(a) Sulfur cathode-A V(-80%) (b) (c)NCMSI11 cathode-AV(-4.3%) (d)

T T T T TElectrode stress T T T T TElectrode stress
———————— —_—

Li metal anode

NCM811 cathode
T T T ’ SSE layer T T T £ SSE layer

Cell pressure t St Cell pressure = Lt metal anode
1 .

T T T T TElectrode stress

Li metal anode+AV

P44 1 ] Blectrode stress 4_»

Li metal anodetAV <

6 S|LigPS;Cl|Li #1 NCM811 | Li; PS;Cl| Li £ B Z5 B it (a, ¢) T2 P ERARE W EE4L
REEM(b,d)EREM X ST EHEE R 542
Fig. 6 (a, c) Schematic diagram of electrode stress changes during the charging process of S|Lis PS;Cl|Li and NCM811 | Li; PS;
Cl| Li all-solid-state batteries and (b, d) the X-ray computed tomography measurement results of cycled S| Li; PS;
Cl|Li and NCM811 | Lis PS; Cl| Li all-solid-state batteries™**!
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Fig. 9 (a) The 3D volume renderings of LiNi, 3 Co, ; Mn, , O, | Lis PS;Cl|Li (NCM|Li-0) and LZP-coated LiNi, 5 Co, ,

Mn, O, | LigPS;Cl| Li (LZP-NCM | Li-0) batteries before cycling; (b) The 3D volume renderings of LiNi, s Co, , Mn, O,
|Lig PSsCl/Li (NCM|Li-100) and LZP-coated LiNi, s Co, ; Mn, O, | Li; PS;Cl| Li (LZP-NCM|Li-100) batteries
after 100 cycles (the yellow arrows point out the regions where the electrolyte directly contacts the anodal

current collector, the blue arrows point out the direction to which the NCM particles drift) L36]

TEHL/ Ak / T2 F R A R AT A ORI SE 7 18T Cui 25 A5 3RS0 48 Hh O U T 4 1] A4S 400 el ity o 77 7 AL
T A /Il 12 E R A R AR AR . R T A A 3 e 4 [ A e M A A R R AT A A T R
P Cui 25 N9 SR A BRI 5 125 B0 UE T IR S B A3 2077 A R 34 50 41 8 11 it S 8 48
PR RE BE AN 15T 3 ELIE AR SN X R 7 4 B BT ARUSE B B R, O T 76 S 86 b B0 E LASTH B 1l o
I/ 1R A B R T R s Cui 25 AW b — 20 SR G0, = 4[] 40 5 X SR B LI Z B H R
(SXCT) s ¥ H T HAT AR A 1 50 4854 (LiNig s Coo s Mg, O, | Lis PS; CL| L) F1TFE 8% 52 3457 R P CHle 25



%1 O B P A AT O RO RS 41

TR R £ 81 (LA, Zr, (PO, 4 LZP) A5 LiNi, s Coo s Mny, O, | Lis PS; CL| LiJ i) P fh 4 [f 25 88 f it 78
TEIHT S (25 F 78 45 W& 9 s, 76 LiNig s Co, , M, O, | Lis PS; ClI Li H, H T LiNi,, s Co,, ; Mng ; O,
F1 Lig PS; Cl A AT il oAS R L RIS FNRF I ) AR S G387 o0 » B AR 2 O N4 5T , 6 F Tt R 2 78 i
P 50 L 25 ) i 2 A AR A < AR A T2 | ] [ S LA T T RS, 4 R AR O e A AN B AT OB VA i A BE
B A A B B LR RN EE AR L L A O AR 7 B HL U 2 1) X SN N A B R A R B
TR 1 1 DX 3 7 L AR 00 6 A 30T 370 A 5 2 0 7 /), A 30T [ 5 L A R R B R R . 5
Z A 7E LZP 4038 LiNi, Co, ,Mn, , O, | LigPS;Cl| Li By, 1 T LZP (08 J2 itk 17 IEA IS YRR R S5 5%
A0 FE foe IO P A T R B R R I 0 g AR ) TR R, A8 T F Ak SN R 38 ST L TR TE AR | AR R [ A e
TR EEFIRAR TR RS . R X HESZ I AR AR T 4 [ A4 L th 1E S =2 B0 A7 A F / Ak / 0 244 4 e 4 L i
LA TIE BH T 1 A T P X b b 2R A ) e A 3k Sy DA A %) JEE DAL L it 2 3550 L ) R e e el b 2
R R TR R . e /b /AR A R LA ST T . H RTIEAS F A B B AR ANPETTIE

2 SEi5ER

FL/AE/ T /B ERPIEAT D BTS2 i 7S R 2R S L ) — o B SIS 7 1) A T K e R T M g
LA R R AP SERS . R A DA T TS B R Z AT T O T AR R AR IS 4 B4 S8 T O M
DAt o L Yt 8 AR 2K 20 R AT ) R AP » S DA e e L Tt 0 AR R A8 A T AR 8t 1T RO IE S B B . AR S it 2
TRV A P Tt e [ A L AR R A SR R BRI A R 8 R BT T O B S DR SRS OIS A R L
SR T RS L T A e R S P b P R PR T O B 22 S DT R BRI B A BRI R B T T

IR R /Al / 3 /PR 6 R 0T 0 B R 2L b Bk 2 R 2 AIA IR . PR « (1) PR It A e
PAT R B A o Z TN R 23 RUBE T S ) ) 5 A = I TR A T i ELAN [] ri b 45 40 v ) R A T
A AR S BB BLd BEAT G B FRAEEA AT LAR] IS 306 B i A R 4123 RO L /A6 / 1 /48 A5 D B SE BT
(2) AWM/ f/ 1/ PR BPCRBR R S R 22 m R . N 7R AR R IFFE b T R
Seit R RIEHOA , SEIT Lt 22 ROBESS A FL /AL / 01 /38T 9 Y S 3RAE . 55 Ah AU S B3 AT S BRI
JEUPR MR R 2R T A e DA R AT DA X ri b BE S WAL L o L R T R/ A/ g /R S RSB L e
ANTFIAT S 22 8] AR o R 0 A L b 45 A R ke L L S D0 S 0 ) AL Bt PR 1

z % X W

[1] MABC, ZHANG HK. LIR H. et al. Molecular-docking electrolytes enable high-voltage lithium battery chemistries[ J]. Nature Chem-
istry, 2024, 16:1427-1435.

[2] LI'YX,SONG SB, KIM H, et al. A lithium superionic conductor for millimeter-thick battery electrode[ ] . Science, 2023, 381, 50-53.

[3] TAN S, SHADIKE Z, LI]J Z, et al. Additive engineering for robust interphases to stabilize high-Ni layered structures at ultra-high volt-
age of 4. 8 V[J]. Nature Energy, 2022, 7. 484-494.

[4] GUO W B, WENG Z Z, ZHOU CY, et al. Li-rich Mn-based cathode materials for Li-ion batteries: progress and perspective[ J]. Inor-
ganics, 2024, 12(1); 8.

[5] ZHAOHS, L1] B, ZHAO Q, et al. Si-based anodes: advances and challenges in Li-ion batteries for enhanced stability[ ] ]. Electro-
chemical Energy Reviews, 2024, 7(2). 11.

[6] LINDC, LIUY Y, CUIY. Reviving the lithium metal anode for high-energy batteries[J]. Nature Nanotechnology, 2017, 12: 194-
206.

(7] 2B, BRarsg. S pmpHA R BT[] HE TR, 2024, 26(3): 19-33.

[8] SONG Y Z, WANG L, SHENG L, et al. The significance of mitigating crosstalk in lithium-ion batteries: a review[J]. Energy & Envi-
ronmental Science, 2023, 16: 1943-1963.

[9] HUANGL, LUT, XU G J, et al. Thermal runaway routes of large-format lithium-sulfur pouch cell batteries[J]. Joule, 2022, 6(4):
906-922.

[10] GUJ B, LIANG Z T, SHIJ W, et al. Electrochemo-mechanical stresses and their measurements in sulfide-based all-solid-state batter-



42

B A7 274k CH SRR 27 D

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

ies: a review[J]. Advanced Energy Materials, 2023, 13(2): 2203153.

BEFRG, JERNES. SR L T LA 2 S SR LT ], R, 2020, 69(22): 17-32.

ZHENG Y. ZHANG S, MA ], et al. Codependent failure mechanisms between cathode and anode in solid state lithium metal batteries:
mediated by uneven ion flux[J]. Science Bulletin, 2023, 68(8): 813-825.

G, ZERNG, PRV, A, G 0 A P i SR R A5 SR [T ). Bk diofe 2024, 69(10): 1298-1314.

A FEMEAS, ARER, S SR B GO A Y LAV B SR LT . A RERR R S HOR, 2024, 13(5): 1620-1634.

WOC, 4, EREM, A SR ARTE RS A b DU SR SR AT PrERAEAR, 2020, 69(22): 113-126.

NAIK K G, CHATTERJEE D. MUKHERJEE P P. Solid electrolyte-cathode interface dictates reaction heterogeneity and anode stability
[J1. ACS Applied Materials & Interfaces, 2022, 14(40): 45308-45319.

MISTRY A. USSEGLIO-VIRETTA F LL E, COLCLASURE A. et al. Fingerprinting redox heterogeneity in electrodes during extreme
fast charging[J]. Journal of The Electrochemical Society, 2020, 167(9): 090542.

ZHOU L, DANILOV D L, QIAO F, et al. Sulfur reduction reaction in lithium-sulfur batteries: mechanisms, catalysts, and character-
ization[ ] ]. Advanced Energy Materials, 2022, 12(44): 2202094.

AHE, WRR. T, SR BRI I RN ST, fEAERME S HOR, 2017, 6(5): 1026-1040.

e, SRR, ZEH, 45, MXene B:52 AP RHESGT H M IE AR TP AR FYERELT ). WK 24 CHARBE MO » 2023, 36(1): 40-51.
ZHENG H H, SUN Q N, LIU G, et al. Correlation between dissolution behavior and electrochemical cycling performance for
LiNi, 5 Co, s Mn, 5, O,-based cells[J]. Journal of Power Sources, 2012, 207 134-140.

AURBACH D, MARKOVSKY B, SALITRA G, et al. Review on electrode-electrolyte solution interactions, related to cathode materials
for Li-ion batteries[]]. Journal of Power Sources, 2007, 165(2): 491-499.

KOMABA S, ITABASHI T, OHTSUKA T, et al. Impact of 2-vinylpyridine as electrolyte additive on surface and electrochemistry of
graphite for C/LiMn, O, Li-ion cells[J]. Journal of The Electrochemical Society, 2005, 152(5): A937-A946.

ZHAN C, LU J, KROPF A J, et al. Mn(II) deposition on anodes and its effects on capacity fade in spinel lithium manganate-carbon sys-
tems[J]. Nature Communications, 2013, 4; 2437,

WALZ K A, JOHNSON CS, GENTHE J, et al. Elevated temperature cycling stability and electrochemical impedance of LiMn, O, cath-
odes with nanoporous ZrO, and TiO, coatings[J]. Journal of Power Sources. 2010, 195(15): 4943-4951.

CHAIJ C, ZHANG J J, HU P, et al. A high-voltage poly(methylethyl a-cyanoacrylate) composite polymer electrolyte for 5 V lithium
batteries[J ]. Journal of Materials Chemistry A, 2016, 4; 5191-5197.

KANG J, SHIN H R, YUN J, et al. Chemo-mechanical failure of solid composite cathodes accelerated by high-strain anodes in all-solid-
state batteries[ J]. Energy Storage Materials, 2023, 63: 103049.

GU J B, CHEN X X, MA R Q, et al. The insight of micro-short circuits caused by electrochemo-mechanical stress crosstalk in all-solid-
state Li metal batteries[ ] ]. Energy Storage Materials, 2023, 63; 103052.

e, Hkh, Ih—ik, 55, BB TS IS B ZO IR AR RESZ ST kR LT ], WK 2724l CEARFL2 10D . 2021, 34(2)
49-58.

HUANG L, XU G J. DU X F, et al. Uncovering LiH triggered thermal runaway mechanism of a high-energy LiNi, ;Co, ,Mn, 0,/
graphite pouch cell[J]. Advanced Science, 2021, 8(14): 2100676.

BARTSCH T. STRAUSS F. HATSUKADE T. et al. Gas evolution in all-solid-state battery cells_J]. ACS Energy Letters, 2018, 3
(10): 2539-2543.

KIM A'Y, STRAUSS F, BARTSCH T et al. Stabilizing effect of a hybrid surface coating on a Ni-rich NCM cathode material in all-sol-
id-state batteries[J]. Chemistry of Materials, 2019, 31(23): 9664-9672.

WANG S, WU Y J, MA T H, et al. Thermal stability between sulfide solid electrolytes and oxide cathode[]J]. ACS Nano, 2022, 16
(10): 16158-16176.

DONG T T, XU G J, XIE B, et al. An electrode-crosstalk-suppressing smart polymer electrolyte for high safety lithium-ion batteries
[J]. Advanced Materials, 2024, 36(26): 2400737.

MA J, ZHENG S, ZHEGN Y, et al. Interelectrode talk in solid-state lithium-metal batteries[ J]. Advanced Materials, 2023, 35(38):
2301892.

OB, I, VA, AR TEASHR 4R o AN Al i A I E SO R BRI LT ], RAEIEAR . 2024, 69(3): 317-319.

(BT g4 - B



