
As the market for renewable energy sources 
and electric vehicles grows, the need for 
reliable, high-capacity energy storage 
increases. For over 20 years, lithium-ion 
batteries (LIBs) have been of particular 
interest in this regard but understanding the 
microstructural features that influence the 
performance of multilayered, air-sensitive 
LIB materials can be challenging. In this 
white paper, we describe how scanning 
electron microscopy (SEM) using JEOL’s 
benchtop to ultrahigh resolution Field 
Emission SEMs can address these 
challenges, and help LIB researchers and 
manufacturers refine and improve this 
essential energy-storage technology. 

The growing importance of LIBs

Following their commercialization in the early 1990s,  

LIBs gained favor over the existing nickel–cadmium and 

nickel–metal hydride rechargeable batteries because of  

their combination of longevity, small size, rechargeability  

and low cost. Since then, demand for LIBs has continued  

to grow.

Key drivers include the need to store energy derived from 

renewable sources such as wind and solar, and the move  

to replace hydrocarbon-fueled vehicles with their electric 

equivalents. In addition, LIBs are used in a wide range of 

consumer goods such as smartphones, laptops, tablets, 

digital cameras and portable power tools. 

As a result of this expanding market, continual improvements 

to LIB technology are being demanded, with a particular 

focus being on increasing energy density, and life cycle and 

enhancing safety by reducing the risk of accidental fire.

LIBs can contain as many as 10 thin films of various 

materials, including ceramics, metallic foils and polymers, 

with roles as the cathode, anode, insulation, current collector 

and electrolyte. These various components may take the 

form of powders, sheets or fluids, and require assessment 

before and after assembly, as well as after repeated charge/

discharge operations. 

This high degree of complexity makes analysis of LIBs 

challenging, but with the help of an array of microscopic  

and spectroscopic methods, this can be addressed  

(see our Lithium Battery App Note for a method overview).
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Understanding LIB materials  
at the microscale
A critical aspect of any LIB analysis is understanding the  

3D microstructure of the individual layers, as well as the 

interfaces between them. Once this is done, the observed 

electrochemical behavior can be correlated to their physical 

status and likely electrochemical processes involved – which 

may include ion relocation, lattice expansion or contraction, 

phase transition and surface reconstruction. This requires 

high resolution and the ability to track minute changes on a 

material’s surface – a task for which SEM is ideally suited.

SEM produces images by scanning the surface of a sample 

with a focused beam of electrons, and since the launch of 

the first commercial instrument in 1965 has become an 

essential technology for investigating the surface or near-

surface morphologies of a wide range of materials at 

micrometer or nanometer resolutions.

JEOL’s NeoScope JCM-7000 is a versatile and powerful SEM 

for analysis of LIB materials because of its large depth of field, 

high spatial resolution, and convenient benchtop format. In 

the context of LIBs, this allows it to be used to visualize 

surfaces and cross-sections (Figures 1 and 2), understand 

grain structure and orientation on surfaces, determine grain 

boundary losses, and carry out defect analysis.

Figure 1: Surface SEM images demonstrating the resolution 
achievable with SEM for a variety of materials used in LIBs: (A) anode 
active material; (B) LiMn2O4 cathode active material; (C) polyethylene 
separator; (D) acetylene black conductive additive.

Furthermore, the ability to couple SEM to spectroscopic 

methods to analyze chemical composition is also valuable, 

and with this in mind the NeoScope JCM-7000 can be 

equipped with integrated “live” energy-dispersive X-ray 

spectroscopy (EDS) capability (Figure 3). 

Figure 2: Cross-sectional SEM image showing grain size analysis 
automated in the system software. 

Figure 3: EDS analysis of an LIB cathode showing the distributions  
of elements.
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The NeoScope benchtop SEM is simple enough for anyone 

with basic microscopy understanding to obtain outstanding 

SEM images and elemental analysis results in minutes.  

The NeoScope features selectable high and low vacuum 

modes, secondary and backscatter electron detectors, 

real-time 3D imaging, advanced auto functions, and up to 

100,000X magnification. Automated montage is built-in for 

high resolution view over a larger area. 

The challenges of surface 
preparation
Prior to imaging in the SEM, proper sample preparation is 

a crucial aspect of any analytical protocol, and particularly 

true when analyzing complex layered materials such as 

LIBs. Traditional mechanical polishing of specimen 

surfaces for SEM imaging can introduce various artifacts, 

such as scratches and embedded polishing media, that 

obscure the original microstructure, compromising 

crystallographic information and making it difficult to obtain 

precise layer thickness measurements. In contrast, broad 

ion beam milling, using JEOL’s Cross-section Polisher, 

provides the pristine surfaces that are essential in order to 

generate high-resolution images and produce phase/

chemical maps with minimal artifacts (Figure 4). This 

system also allows cryo-preparation (down to liquid N2 

temperature) to maintain the cool temperatures required 

for battery preparation.

Figure 4: Benchtop SEM image showing a cross-section through  
a battery sample.

Routine material analysis using 
benchtop SEM
In addition to fundamental research into new and improved 

LIB formulations, benchtop SEM also has a role to play in 

quality control and troubleshooting. This is particularly 

relevant to the detection of defects in LIBs, which are 

commonly caused by electrochemical stresses. In cathodes, 

these defects include grain cracking, pore-size changes and 

contact loss of particles, while anodes (which are typically 

made of graphite) have different failure characteristics 

manifesting themselves as defective ion transfers. In either 

case, these defects will reduce the lifetime of the battery.

SEM is very well-suited to detecting such defects, and 

monitoring LIB cross-sections on a routine basis is made 

considerably easier using a benchtop system such as the JEOL 

NeoScope JCM-7000, because it offers the combination of 

performance and ease of use that enables rapid turnaround of 

samples needed for quality-control workflows.

Macro to nanoscale SEMs with 
advanced analytical capabilities
While the NeoScope benchtop SEM is a powerful 

microscope in a compact system, JEOL offers a wide range 

of SEMs with higher magnification and spatial resolution, and 

a multitude of analytical detectors. At the highest end of the 

analytical scale is the ultrahigh resolution Field Emission 

SEM which operates at extremely low voltages, allowing 

pinpoint compositions to be determined for a wide range of 

elements, extending to those with low atomic numbers such 

as carbon and fluorine (Figure 5). 
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Figure 5: Field Emission SEM image of multiple layers of a LIB.
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Lithium has obvious relevance to LIBs and can be detected 

by using a Soft X-Ray Emission Spectrometer (SXES)  

with the configuration, in order to overcome the low 

response that lithium has for regular higher-energy 

measurements (Figure 7).

Materials used in LIBs present a further difficulty, because 

some of them have the potential to react and degrade upon 

exposure to air, comprising performance (Figure 6). To 

address this, JEOL has introduced an air-isolated transfer 

vessel to allow materials to be prepared in an inert gas 

environment (such as a glove box), and then transferred to 

the broad-beam ion miller, or directly to the SEM instrument, 

without exposing them to the atmosphere, therefore 

ensuring their integrity.

Figure 7: Advanced analysis of lithium in a LIB using Soft X-ray Emissions Spectrometer and Field Emission SEM.

SXES Maps of a Charged Li Ion Battery Anode
Li distribution
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Figure 6: SEM images of an LIB anode material containing LiCoO2, 
visualized before and after air exposure, showing artifacts associated 
with exposure to atmospheric oxygen. 
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Looking forward: understanding 
battery materials at the nanoscale
Looking to the future, the accelerating need for energy 

storage devices to service the expanding electric vehicle and 

renewables sectors will be a strong driver for LIB research, 

development and quality control. Therefore, manufacturers 

wishing to enhance their position in this competitive market 

will need to take advantage of all the analytical tools 

available, to ensure that product performance and workflow 

efficiencies are maximized.

As demonstrated in this white paper, one of these tools is 

SEM, which by providing detailed images of specimen 

topology and microstructure, provides the data needed to 

check product quality and drive new product innovations. 

Benchtop systems, by allowing rapid analyses to be carried 

out in the lab rather than in a dedicated analytical facility, 

have a particularly important role to play, by making it far 

easier to get key results quickly and without the need for an 

analytical specialist to run every sample.

Consequently, using SEM as an integral part of LIB research 

and manufacturing could help manufacturers take their place 

at the cutting edge of the LIB industry, and so contribute to 

a bright future for this energy-storage technology.

Would you like to see the difference that benchtop SEM 
could make to your LIB facility? Contact your local Sales 
Representative to schedule a virtual demo now (USA, 
Canada, Mexico, Brazil).

Benchtop SEM from JEOL
The NeoScope JCM-7000 from JEOL is a benchtop 

SEM instrument that makes it easy for users at any 

skill level to obtain outstanding images with 

micrometer or nanometer resolution (up to 100,000× 

magnification) in a matter of minutes. In addition, it 

can be equipped with a fully embedded EDS system 

for real-time point-analysis or mapping of elemental 

composition. With a smooth transition from optical to 

SEM imaging, reconstructed live 3D SEM images, 

and automated functions for condition setting and 

image formation, NeoScope JCM-7000 is an ideal 

system for routine and research-level LIB analysis.

For more information on NeoScope  
JCM-7000, visit our website.

About JEOL USA
Since 1949, the JEOL ethos has been one of outstanding  

innovation in developing instruments used to advance scientific 

research and technology. The company has 60 years of expertise  

in the field of SEM and has supplied instruments to the LIB industry 

for over 30 years.

JEOL USA, Inc., is a wholly-owned subsidiary of JEOL Ltd. (Japan), 

and since its incorporation in 1962 has supported sales of new 

instruments and peripherals throughout the United States, Canada, 

Mexico and South America. We are also dedicated to supporting the installed base of instruments throughout the 

region, and reflecting this, 180 of our 300 employees are field service personnel.
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