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Abstract: Cathode material is the core component that determines the upper limit of the
performance of lithium-ion batteries. However, a single cathode material is difficult to meet the
multi-dimensional requirements of energy storage batteries for energy density, cycle life, cost,
safety, and environmental adaptability. The layered/olivine blended cathode materials, by
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combining the high energy density layered oxides with the high safety and long cycle life
olivine phosphate materials, achieve performance complementarity while retaining the
inherent advantages of each component, thus becoming an effective strategy to break
through this technical bottleneck. This paper provides a systematic review of the research
progress of layered/olivine blended cathode materials. Firstly, the crystal
characteristics and respective electrochemical behavior feature of the layered oxides and
olivine phosphates are briefly summarized. Based on this, the key issues of particle size
matching and voltage platform compatibility when these two types of materials are combined
are particularly analyzed. What's more, the development history and two typical preparation
strategies of layered/olivine blended cathode materials are briefly reviewed. Furthermore, the
synergistic mechanism of the blended system is revealed from three aspects: interface
stability, structural reinforcement, and kinetic optimization. The core contributions of this
strategy in inhibiting interface side reactions, alleviating harmful phase transitions, and
enhancing the kinetics of electrochemical reactions are specifically explained. Specifically, the
olivine component helps to regulate and stabilize the interfacial behavior of layered materials
through physical isolation and interface modulation across contact interfaces, active regions,
and film-forming layers. Relying on their own rigid polyanion framework structure, they realize
multi-dimensional structural strengthening of the blended system from the atomic scale, grain
scale and even electrode scale. At the same time, by forming a kinetic synergistic
complementarity effect with the layered materials, they significantly optimize the
electrochemical reaction kinetic performance of the electrode from the three dimensions of
structural basis, thermodynamic equilibrium and dynamic process. It should be pointed out
that the above three types of mechanisms do not exist in isolation but form an organic whole
through mutual coupling and feedback regulation, jointly constructing a multi-scale synergistic
enhancement effect, thereby significantly improving the comprehensive electrochemical
performance of the blended system.Finally, based on the current development trend of energy
storage technologies, the potential development of this type of material in large-scale energy
storage and new battery systems such as solid-state batteries is discussed, and the in-depth
research directions and future development requirements are summarized, with the aim of
providing both material support and theoretical guidance for the development of the next-
generation of high-performance energy storage batteries.
Keywords: lithium-ion batteries; cathode materials;
functional mechanisms
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Fig. 2 Complementarity and compatibility of layered and olivine materials. (a) The major structural groups of
layered and olivine cathode materials"®. (b) 2D focused ion beam-scanning electron microscopy (FIB-SEM)
reconstructed views of NMC and NMC/LFP electrodes (NMC particles are red, LFP particles are green, the
conductive carbon + binder mixture is blue, and the porosity is white). (c) 3D FIB-SEM reconstructed views of
the NMC particles with the NMC surface area in contact with LFP (green zone), the conductive carbon + binder
mixture (blue zone) and porosity (gray zone). (d) 2D representation of microscale tortuosity factor T, for NMC
and NMC/LFP¥. (e) Voltage profiles (Blue Lines) and charge distribution (shaded areas) in the combinations of
the selected materials when tested using the decoupled blend setup. (f) Pulsed discharge protocol showing the
voltage vs time (top) as well as the relaxation current (bottom), color coded depending on the lithium flow
direction®"
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Table 1 Composition of key performance indicators between single-component layered/olivine materials and
their blended materials
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4 BEREBARESERMNAEREEM. (a) HtENCM ERAHEEE SEMEE™; (b) NCM@LFP H#EEH SEM
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Fig. 4 Interface stabilization effect of layered/olivine blended cathode materials. (a) Cross section SEM images
of the fresh NCM cathodes®™. (b) Cross-sectional SEM and energy dispersive X-ray spectrometry (EDS)
mapping of NCM@LFP. (c) Thermal runaway curves of 18650 full cells charged to 4.2 V*", (d) Three possible
sites for PO,* adsorption on NCM622(104) surface. (e) The oxygen vacancy formation energy of different
surfaces. (f) The TM elements are detected on the anode after 1000 cycles™. (g) Concentration variation of the
chemical interaction calculated in C 1s and F 1s XPS spectra. (h) Schematic illustration of the CEI film formation

on NPO05 blended electrode interface after cycling
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BARMEH AR & EMARIA 4R LER . (a) NCM811 5 NCM-10% LFP EINS IR h MO B E (dQ/dV) il
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Fig. 5 Structural reinforcement effect of layered/olivine blended cathode materials. (a) Discharged differential
capacity (dQ/dV) plots during cycling for NCM811 and NCM-10 %LFP. (b) The corresponding c-axis lattice
parameters and unit cell volume variations™. (c) Simulation of the interfacial structure and charge density

difference maps at the LCO (010)/LFMP (110) interface. (d) XRD patterns and MS signals of O, collected from

LCO and LFMP-LCO cathodes in delithiated states during heating to 500°C"%. (e) Experimental results and
simulation of indentation tests of the cathodes. (f) Microscopic pictures of the scratch tracks on the two

cathodes after the scratch test. (g) Simulation and schematic of the cell during nail penetration. (h) Photographs

of batteries after inserting the nail™
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E6 BERMHAREEMRMRNENNZMLIER. (a) EFXCTHIEHNNCM 5 7NCM-3LMFP EMR=4HRIE CRRE:
NCM/7TNCM-3LMFP Skl sBRALLT, B FLBE); (b) FLBREMEEE NTLER; (c) RIENCM. [RI5 LMFP &
7NCM-3LMFP fYEE fZiIER AT, (d) SRS EMMERAM (DCIR) MHEESHBEMEEMNTHEL; (e) RAERAITE
BE (OCV) higiT AREMFEMERAITIERL™; (f) TNCM-3LMFP R & EARE MBI IZPER B FTBITAREE,;
(g) 1C 5ZET 200 R FEFFRE MK A dQ/dV L™
Fig. 6 Kinetic optimization effect of layered/olivine blended cathode materials. (a) 3D characterizations of NCM
and 7NCM-3LMFP cathode based upon XCT data (dark grey: NCM/7NCM-3LMFP particle, carbon black, and
binder; orange: pore). (b) Quantitative evaluation results of pore structure. (c) Electrolyte contact angels of
pristine NCM, pristine LMFP and 7NCM-3LMFP"?. (d) Direct current internal resistance (DCIR) of the blend
cathodes as a function of voltage and discharge rates. (e) Open-circuit voltage relaxation behavior of the blend
cathodes as a function of discharge rates™. (f) Schematic illustration for cathode self-charge behavior of 7NCM-
3LMFP blended cathode upon charge and discharge™. (g) dQ/dV curves during 200 cycles of the retention test
at 1C"™
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Synergistic mechanisms

Blended material systems
optimize existing materials, develop novel materials

Applicable environments
enhance performance under extreme conditions

Energy density
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Fig. 7 Development requirements for layered/olivine
blended cathode materials
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