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Abstract
Demand for lithium-ion Battery is expected to expand further in the future, driven by demand for electric vehicles, which are supported by
policies in various countries around the world, and demand for PC, smartphone, and tablet device, which are driven by digital
transformation (DX). In addition, companies and research institutes around the world are actively engaged in research and development to
commercialize all-solid-state batteries as next-generation battery.
Shimadzu provides total solutions to various market issues by utilizing evaluation equipment and technology cultivated over a long history.

Multilateral Evaluation of Positive and Negative Electrodes
In recent years, the applications of lithium-ion battery have expanded dramatically, and research on increasing capacity, extending life, reducing cost,
and improving safety has been actively conducted. The components of lithium ion are roughly divided into positive electrode, negative electrode,
separator, and electrolyte solution. In particular, positive electrode and negative electrode are important components for improving performance. This
poster introduces the analysis technology for each manufacturing process.
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The positive electrode has a structure in which a mixture of an
active material, a binder, and a conductive aid is applied on a
collector of aluminum foil. It is important to evaluate the physical
properties of small parts and the distribution of various
components in order to improve battery performance, quality
control, and failure analysis.
Compared with SEM-EDS, EPMA is superior in qualitative and
quantitative analysis, and can perform elemental analysis in a
wide range from wide areas to local areas. Therefore, it can be
used for a wide range of applications such as quality control,
claim handling, research and development, and acceptance
inspection.

Electron Probe Microanalyzer
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This is an evaluation example of the positive electrode cross
section using spinel type lithium manganate as an active material.
The results of element mapping are enlarged by a factor of
10,000 by searching the evaluation field of view from a wide-area
SEM image. It shows the distribution of O, Mn, and P in the
minute part of about 10 μm square, and the minute active material
is clearly visible. You can also see that the electrolyte solution
component P is distributed as a very thin layer around the active
material and at the interface facing the separator below it.
Enlarged Mapping Analysis of Active Material on Surface Side of Positive Electrode Cross Section
Samples were provided by the National Institute of Advanced Industrial Science and Technology
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Evaluating how active material, conductive additive, and
binder are distributed in the positive electrode and the
conductive path is an important point in improving the
performance of Lithium-ion Battery.
In addition to the local topographic observation, SPM can
evaluate the local physical property that cannot be obtained
with an electron microscope, such as current distribution and
force curve measurement.
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Highly Accurate Evaluation of the Chemical State of the Positive Electrode
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Test force-displacement graph

Sample Name

Fracture strength [mN]

Particle size [um]

Strength [MPa]

LiMn2O4

1.67

13.0

7.79

LiCoO2

16.23

13.3

72.75

Evaluation of Particle Characteristics of Active Material
Battery materials include particle size (distribution), particle shape,
density (tap density), specific surface area, in order to improve or
maintain performance such as reactivity, wettability to electrolytes,
battery capacity, as well as safety and life. Various physical
property values of particles such as pore distribution are optimized.
This is an example of actually measuring the powder used for the
positive electrode material of a lithium-ion battery. The main peak
is about several um, but it can be seen that coarse particles are
also mixed. Also, from the image, it can be seen that there are
some that look like coarse particles of material powder and some
that have low brightness. The coarse particles in the powder
material have a significant negative impact on the performance
and safety of lithium-ion batteries.
In addition, the shape of the powder affects packing and defect
formation, so it is an indicator of battery performance. Since the
dynamic image analysis method can analyze tens of thousands of
particles in a few minutes, it is possible to evaluate the shape
statistically.
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In order to obtain good battery characteristics, it is desirable that
each material constituting the electrode slurry is uniformly dispersed.
Therefore, it is important to evaluate the particle size and
dispersibility of the slurry.
This is an example of measuring the particle size distribution of
negative electrode material.The sample is a negative electrode
material. The black line data is measured without any special
distributed processing. Two peaks with a particle size of around 10
μm and a peak of around 0.3 μm can be seen. Next, the
measurement result after applying the dispersion treatment with the
ultrasonic homogenizer to the same sample is the red data.
Aggregates around 10 μm are dispersed by the dispersion treatment,
showing a peak of around 0.3 μm. From this example, it is important
to know the dispersion and aggregation state of the sample for
proper particle size evaluation. In other words, the dispersed
aggregation state can be estimated from the particle size distribution.

In order to develop materials and improve the performance of
lithium-ion battery, it is important to understand changes in the
chemical bonding state of materials. By using Polychromatic
Simultaneous Wavelength Dispersive X-Ray Fluorescence
Spectrometer, it is possible to accurately capture the change in
the chemical state of the cathode material due to the
movement of lithium ions during charge and discharge.
This data is an example of measuring the positive electrode
taken out by disassembling six battery cells with different
battery capacities. In Ni and Co, it has been confirmed that the
valence of SOC100 decreases and the range of Oxidation
State Change decreases with decreasing battery capacity.
It was also confirmed that the capacity remained low when the
deteriorated positive electrode was reassembled as a battery.
Therefore, it is considered that the deterioration of the positive
electrode was confirmed.

Polychromatic Simultaneous WDXRF system
PS-WDXRF
Oxidation state change width
during charge and discharge

Oxidation state

Ni

(Omori et al., The 60 th Battery
Symposium in Japan, 2019)

Coarse particles with
different shapes

Detection of Coarse Particles in Positive Electrode Material
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Evaluate the Chemical Bond State of the Electrode Surface Layer

When the sample is irradiated with X-rays, photoelectrons are emitted
from the sample surface. XPS is a method to analyze qualitative
quantitative and chemical bonding states by measuring the kinetic
energy of photoelectrons. Since generated photoelectrons are
subjected to energy loss due to inelastic scattering inside the sample,
photoelectrons with a depth of about 10 nm from the surface are
detected as peaks. The measurement targets range from organic
materials, semiconductors and lithium-ion battery materials.
This is an example of an analysis of dendrite generated on a Cu
electrode of a lithium metal battery using photoelectron imaging and
micro-measurement.
In areas where dendrites are not formed, F, Na, Cl, and S are detected
in addition to the elements expected to be detected, Mg, Li, Cu, O, and
C. We also measured the photoelectron images of Cl and Mg detected
in the wide spectrum. It has been confirmed that the concentration of
Cl in dendrite is high and that the atomic concentration of Mg is low.

Measurement of dispersed solvent
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This section shows the data measured by DSC after disassembling a
fully charged button battery and an uncharged battery, and sampling
the removed positive electrode active material and electrolyte solution
in a sealed cell.
The upper curve is the active material after charging, and the active
material becomes unstable due to charging, and a large exothermic
peak due to decomposition is observed from around 200 ° C. The
smaller this peak and the higher the temperature, the more stable and
safe it is, which is important information when selecting and blending
the compound of the electrode material. No significant heat generation
is observed with the uncharged active material in the curve below
because it is stable. The exothermic peak around 290 ° C is
considered to be derived from the electrolytic solution.
In this way, DSC provides important data in battery safety design.

Charge/discharge cycle reduce the change width.

Co

Evaluation of Dispersibility of Slurry

Lithium-ion battery may generate abnormal heat generation due to
overcharging, and in the worst case, there is a risk of trouble such as
ignition. In order to study the safety of the battery, it is important to
evaluate the decomposition characteristics and thermal stability of
each member during heating.
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Here, we will introduce the compression test results of each
particle of the positive electrode active material. The samples
are two types of active materials, each with a diameter of 13 μm.
As shown in the figure, the particles are scattered on the lower
pressure plate, the particles to be measured are selected using
a microscope, and the compression test is performed. It is
possible to measure fine particles with a diameter of 1 μm to
100 μm. This photo is an image of compressed particles of
about 20μm. You can see how it is compressed and destroyed
in the video.
It is a measurement result. Fracture occurs at this inflection
point where the force on the vertical axis, the amount of
displacement on the horizontal axis, and the displacement
change in the horizontal direction. It can be seen that the
breaking strength of lithium cobalt oxide LiCoo2 is 72.75MPa
compared to 7.79MPa of lithium manganate LiMn2O4, which is
about 10 times higher and less likely to break even though the
particle size is almost the same as 13μm.
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In this study, we observed the surface topography and current
distribution by measuring the minute current flowing through
the conductive cantilever while applying a voltage to the
positive electrode. In the current image, the red, yellow-green,
and blue areas are visible in order from the most conductive.
It can be assumed that the red area is a conductive additive,
the yellow-green area is an active material, and the blue area
is a binder. In SPM, the conductivity distribution in the positive
electrode is known, and the state of the conductive path can
be estimated.

Oxidation state

Since the structural material inside the lithium-ion battery is
subject to external force during the manufacturing process and
pressure during use, it is important to evaluate the strength of
the structural material alone in order to maintain quality.
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Since the X-ray CT device can observe the internal structure in a
Inspection target (sample)
non-destructive manner, it is used for analysis of defective
products, comparison of non-defective products / defective
X-ray generator
products, comparison before and after charging / discharging, and
observation of internal structure in cycle tests. It is used for
products. It is also used for observing the three-dimensional
CT stage
structure of minute parts such as members.

Microfocus X-Ray CT System
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This is an example of non-destructive observation of an 18650
type lithium-ion battery.
The X-ray CT can be taken once, and the inside can be observed
in any cross section of vertical, horizontal, and diagonal.
The image on the right is an observation example of a
deteriorated product with a partially deformed interior. As shown
by the red square, deformation can be seen near the center of the
battery due to internal expansion and contraction due to charging
and discharging.

DSC Measurement of Electrode Active Materials
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