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Mechanism of Internal Damage and Repairability of Lithium Iron
Phosphate Batteries at High—rate Cycles
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Abstract: This study systematically investigates the underlying mechanisms of performance degrada-
tion in lithium iron phosphate (LFP) pouch batteries under different discharge rates (1C, 2C,
and 3C); additionally, it characterizes and analyzes the effectiveness of “electrolyte replenish-
ment”  for lithium—ion batteries. The study established a cross—modal nondestructive diagnostic and
failure analysis system based on “electrochemical — acoustic—phase” principles: internal liquid
infiltration and gas evolution were spatially resolved using ultrasonic imaging, integrated with elec-
trochemical impedance spectroscopy and validated through microscopic disassembly and physico-
chemical characterization. Results indicate that the degradation induced by 1C/2C low-rate cycling is
partially reversible, with the internal battery structure remaining relatively intact; however, un-
der 3C high-rate cycling, severe irreversible reactions occurred in the battery’ s internal materials.
Microscopic phase and interfacial chemical analysis confirmed that phase—boundary polarization and
localized thermal effects at high rates resulted in the irreversible decomposition of LiPF,. Consequent-
ly, fluorinated polymers and organic fluorophosphates accumulate disorderly on the electrode sur-
face, thus causing a permanent loss of active lithium that renders liquid replenishment repair almost
ineffective. This study clarifies the applicability limits of liquid replenishment repair and reveals the
“poisoning” effect of chemical byproducts on electrodes under high—rate conditions. Additionally,
it provides experimental evidence and theoretical support for the tiered sorting, health assessment,
and development of precise repair strategies for retired lithium iron phosphate batteries.
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Fig. 1 Maximum discharge capacity during battery charge - discharge cycles
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Table 1  Quantitative engineering parameters for restoration and refilling of used batteries by group and actual fluid-retention vol-

umes
Battery number 1# 24 3#
LR LB266 (1.1949 g/ml.)
ZAEHRMER (ml) /g 62.854 1 63.6200 64.639 5
BHALEERE (m2) /g 62.8120 63.1579 64.2332
AR R (ml 5 m222(H) /g 0.0421 0.462 1 0.406 3
SRR AN B R /mL 0.0 ({LHE) 0.5 0.45
A AE (m3) /g 62.7915 63.406 2 64.238 5
L B B (A mretention) /g 0.000 0 0.2483 0.005 3
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Table 2 Quantitative comparison of first—cycle discharge capacity recovery in retired batteries before and after recharge treatment

Discharge capacity in the

Battery number End-of-age capacity after  first cycle after fluid re- Absolute increase in capacity Single—pass recovery rate for
(R ) 450 cycles (#1450 B A plenis‘hment and restora- CFE R TR /AR macro—level capacity (Z¥L
YipgEdd) /Ah tion (AMEES I H e ik AU %
M) /Ah
2# 2.9236 2.9390 0.0154 0.53
3# 1.0553 1.744 5 0. 689 2 65. 31
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Fig. 5 Circulatory data after fluid replacement
A. battery #2; B. battery #3
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Fig. 6 Morphological appearances of anode after dis- Fig. 7 Appearance of separator in contact with
assembly negative electrode sheet
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Table 3 Residual electrolyte volume per unit area on retired battery electrodes by group

before drvi D b Residual electrolyte per
mass before drying ry weight anit area (BT

Battery number Cycling condition  Test sample area (i P
p , PR B PRI ;
(b025%) (R T50) PRy fone 1M PRI i, o, (e
2 3 )
1# 1C 10.0 0. 842 0.736 10.6
2# 2C 10.0 0. 815 0.770 4.5
3# 3C 10.0 0.793 0.770 2.3

BN, 1R i) B T AR B ML RS OM 10. 6 mg/em?, LI SR AR B AEORIIE 14K
BHUAE AL fnr s 241t BH AT 2R 45 B S B THAE TRl 7, HARE B TIE £ 4. 5 mg/em?; 1) 3#H,
W ORAT AR 2.3 mg/em?s X — 0] EALHY S (8] ROBERFAEIESE . KIS A5 R P60 ™ H i) 51k,
AR iR 2% DA 1 T A Y R ZE
2.2.2 BMASREMMEMELT b TEMKEKIRRE TP G S SRR R AR &R ES
BT, R SEM XM &ALIE . AR R TES T RERIE, MEEHBMMHN W ZER:, 25
S 8 R 9 B R

K 8 M IR Z REETESI N : 1# With (A, D, G) FURIACERIENT . &S0, SR (R T4
SRS LR ELEALRR , XA WU B T B A SR A T ORI B AR BUEIE . 24 Wl (B, E. H)



55 XX % MBS RAERT ORI R A SR LB S T A SRR T 9

T R B ) R RL GRS S 2 B SR BT o AR 3C R PR 34t (CL FL D, JBURH)
LiFePO, ¥ 4% ik — 25 5 HIESER) Te DU 15 R R IR A SRR R T AR o, AR R T ) T B
WRLRILPee, RIRGFRIBE SRS, 2R REACE LR AR AN, F 55 SR T 5E
TR Ly B ), AR IEAR R THIA) 31— U8 B AR S L5

B8 LI EAR T EAS R A RGN 0 R T o3

Fig. 8 Microscopic surface morphology of battery cathode after cycling at different rates
left to right:  #1, #2, and #3 batteries; top to bottom: low—magnification panoramic views (scale bar: 10 um), medium—magnification
particle—distribution views (scale bar: 1 wm), high—-magnification close—up views (scale bar: 1 wm, magnification: 15000x) (MAF
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Fig. 9 Microscopic surface morphology of battery anode after cycling at different rates
left to right: #1, #2, and #3 batteries; top to bottom: the scale bars are 40, 20, 20, and4 pum, respectively (MZEFAT: 1#, 2#,

3L, M EET: MRARR3H440, 20, 20, 4 pum)
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Fig. 10 XRD diffraction patterns of battery cathode sheets after cyclic aging at different magnifications ;
wireframe at bottom represents standard LiFePO, crystal reference (SR RHE R bRt LiFePO4 SRR )
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Table 4  Quantitative analysis of elements in surface phase of positive electrode sheet of battery #3

Atomic percent
Element

Mass percentage

(%) (T IATE) (RREAL) M
C 38.73 38.59
(0] 34. 35 30. 35
F 14. 87 16. 81
P 6.13 8.74
Fe 5.89 5.46
Cu 0.02 0. 05

LiPF, = LiF | +PF,#(1)
1E LiPF,— B B Fig FE AR IR R, PRAE N LY Lewis BR, WAL BRIRER S FIF IR ROELL R &
R P R RS AN AP X P AME R AR SR R, RS A AR A L R AR
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