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Single Particle Analysis Method for Battery Materials

XU Wei, ZOU Guogiang, HOU Hongshuai, JI Xiaobo
(College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: Compared with the conventional analysis methods for the porous electrode, this paper represents some methods for
single particle analysis in battery research, i.e., microeletrode contacting method, single particle collision method, microfluidic
analysis method and spectral analysis method. In the single particle analysis methods. some intrinsic properties of the battery
materials can be obtained by analyzing directly in single particle scale, thus clarifying the electrochemical reaction mechanism
of the material.
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(b) Microelectrodes made by attaching a spherical

polycrystalline NMC/NCA particle to an insulating
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Fig. 1 Schematic of microelectrode-particle contacting method and diagram of particle structure
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Fig. 2 Schematic models of the degradation of a NCA particle during cycling
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Fig. 3 Current signal of collision of single LiMn,0, particle
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Table 1 Advantages and disadvantages of single particle analysis methods

Method Advantage

Disadvantage

Microelectrode-particle ~ Not affected by additives;

contacting method

curve, charge and discharge platform, impedance, etc.);

Observable particles morphology change
Not affected by additives;

Direct access to the electrochemical data;

Single particle collision
method

Direct access to a variety of electrochemical data (CV

High instrument and operation requirements; Particle size
restrictions;
Difficult to obtain high flux data

Electrochemical signals are relatively simples;

The connection between particles and signals is weak

low requirements for instruments and operation; Wide range

of applications (including conductor, insulator, solid, liquid

drop, biological molecules, ezc.);
Statistical analysis can be performed
Not affected by additives;

Direct access to the electrochemical data;

Microfluidic analysis

Electrochemical signals are relatively simples;

Signals from multiple particles are difficult to distinguish

Rapid, high-throughput data statistical analysis can be

performed
Spectroscopy for single

particle analysis

Conventional  battery

testing methods can be revealed

The morphology, crystal structure and phase transformation

process of single particles are intuitively revealed

The performance of the material in the actual battery system

The electrochemical process is indirectly converted by optical
signal;
High requirements for instruments and operation

The electrochemical signal is the set of all particle signals;
The signal is susceptible to additional factors (additive,
electrode structure and assembly process);

It is difficult to reveal the intrinsic electrochemical processes
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