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Abstract: Olivine-type LiMn Fe, PO, (0<x<1, LMFP) is regarded as a promising cathode
material for advanced lithium-ion batteries owing to its low cost, high safety, and high energy
density. However, its practical application is limited by intrinsically low ionic and electronic
conductivity. In addition, a high Mn content induces severe Mn dissolution due to the Jahn-
Teller effect, which significantly hinders the large-scale deployment of LMFP. This review
systematically summarizes recent progress in the controllable synthesis of LMFP cathodes
using industrially relevant co-precipitation methods. Particular emphasis is placed on the
advantages of phosphate and oxalate precursors in achieving atomic-scale homogeneous
mixing and precise compositional control. Furthermore, co-precipitation strategies can be
effectively combined with concentration gradient design, carbon coating, and ion doping to
enhance electron and ion transport pathways and improve the overall electrical conductivity of
LMFP. Finally, based on recent advances in co-precipitation techniques, this review outlines
emerging research directions toward the commercial application of LMFP in large-scale
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Fig. 1 (a) Schematic diagram of the crystal structure of LiMn,_Fe PO,”; (b) Schematic illustration of the Jahn-
Teller distortion induced by Mn*" ions™?
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Fig. 3 (a) Schematic diagram of homogeneous nucleation and heterogeneous nucleation*"; (b) Schematic
diagram of the Lamer model: time-dependent evolution of reactant (red), reactant concentration (green), and
particle size (blue), illustrating three typical stages of crystal formation in solution. Stage I: Supersaturation
continuously accumulates but does not reach the critical nucleation concentration, and no nucleation occurs;
Stage Il: Supersaturation exceeds the critical value, triggering burst homogeneous nucleation, while
supersaturation rapidly decreases; Stage lll: Supersaturation drops below the critical value, nucleation ceases,
and the growth stage begins™!
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Fig. 4 Thermodynamic equilibrium analysis of the Mn*-Fe*-Mg*-C,0% -H,O system: (a)—(c) Three-dimensional
relationship plots of oxalate excess coefficient, pH, and the logarithm of total metal concentration;
(d) Optimization results of precipitation conditions; (e) EDS mapping of Li(Fe, ,Mn,;),,,Mg,,,PO,/C""
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Fig. 5 (a) Crystal structures of NH,MPO,-H,0 and LiMPO,, and the arrangement of the M-PO, layers";
(b) Charge-discharge profiles of LiMn,Fe,,PO,/rGO/C composite materials at different C-rates®™; (c) Rate
capability of LiMn,,,.Fe, ..,,Mg, ,:,,PO./C cathode material™
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Fig. 6 (a) Schematic diagram of the synthesis process for Mn, .Fe,.C,0,-2H,0 precursor®?; (b) Rate
performance of LiMn, Fe, ,PO,/C*?
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Fig. 7 (a) Schematic design of a core-shell structure; (b) Comparison of the initial charge-discharge curves at
0.1 C for LiMn,Fe ,PO,/C. LiMn Fe, . PO/C. LiMn,,Fe,,PO,/C (non-core-shell), and LiMn,Fe, PO,LiFePO,/
C (core-shell); (c) Comparison of the cycling performance at 0.5C for LiMn,Fe,,,PO,-LiFePO,/C and
LiMn,.Fe,,,PO,-LiFePO,/C (core-shell)®; (d) Schematic diagram of the Mn,Fe ,C,0,-2H,0 precursor;

(e) Comparison of the charge-discharge curves at 0.1 C for the LiMn, ,Fe,,PO, composites; (f) Comparison of
ultra-long-term cycling performance at 1 C*!
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Fig. 9 (a) Optimized crystal structures of LFMP@C and LMFP/Nb@C, and the corresponding schematic of the
MnO, octahedron; (b) Rate capability of LMFP/Nb@C"?; (c) Cycling performance of Mg* doped material®"
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Table 2 Effect of various element doping on the performance of LiMn Fe, PO,/C

Baoiw FOBHE R SRy AL TEE((MmAR/g) EE BN
Mg? Li(Fe, ,MN, ), oM, x,PO/C 1Rk LiNERS, BAAG AT HERS HIBH 153.65(02.C). 138.83(5.C). [31]
0.4 0.670.97 0.03 4 134.68. (10 C)
Mg? LiMN, 5076F €0 3505M5 6506 P O/C SERLIYIRIL BT AL S 150.1(0.1 C)141.4(1 C)111.6(5 C) [59]
0.5978 0.3522 0.0506 4 Jahn-Teller %UL‘L
Mg?* LiFe, ,,Mg, ,,Mn  PO,/C  REGH S L'y HURE 158.1(0.1 C). 154.6(0.5 C). 131.52(5 C) [80]
Mg?" LiFe,,Mn, ,:Mg, ,-PO,/C WE&WJ&M@ LR AE, RIS 163.2(0.1 C). 155.2(0.2 C). 142.0(1 C) [81]
B ' FLPERI LIt HIUR 5L
Nz LiFe, ,Mn, ;:Ni, ,,PO,/C Pl LiERE, BRIRS ARG 142(0.1 C). 139(0.2 C). 110(1 C) [24]
2 . . PEARBAPRIAR T RE,  #) SR IR G, AT
Ni LiMn, 4Fe, ,Ni, ,PO,/C X 147.3(1 C). 125.1(10 C). 115.4(15C) [82]
A AR PR RS R T 551
Ti* Li(Fe,Mn, )07 Tig 0sPO./C PHRIFFIRB LR, FIRAET0 163.53(0.1 C). 140.59(1 C). 94.08(5 C) [83]
TR FCAL 25 K] T Jahn-Teller R
Nb** Li, ssMn, ;Fe, ,Nb, ,,PO,/C T SALERE, (ERELTSERS G AL 155.63(0.1 C). 144.03(2 C). 134(5C) [12]
00806 ToaT 00z e Jahn-Teller 2 145 %
Mg?*-Nb**  LiMn, ,;Fe, ,sMg, ,,Nb, ,,PO,/C FCIHO No AR 71 TR, ALY 141.0(0.1 C). 129.6(1 C). 120.3(5 C) [32]
0.48 0.48 0.03 0.01 4 %K Mg ?}% E&% MnZHS*%‘?ﬂJLJ‘I\ﬁ&EﬁJ }J#
o o . ) FEAGHE Rk S AT BEL TR AL, 185 4 M s
VAT LiFe, Mn, ,PO,-V-Ti/C 161.9(0.1 C). 149.6(2 C). 141.5(5C) [84]
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