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Introduction

History

 Nowadays the demand for metal ion 
accumulators is increasing more and more. 
Li-ion batteries play a major role. 

 They are used in
- consumer electronics (e.g. mobile phones)
- household appliances (e.g. vacuum 

cleaners) 
- electric cars. 
 The first commercially available accumulator 

was developed in the 1980s. 

 Brought onto the market in the early 1990s 
with lithium cobalt dioxide (LiCoO2) as the 
cathode material. 

 This battery is still the most widely used. It is 
characterized by a high energy density, long 
service life (excellent cycle stability), stable 
discharge properties (high power) and a wide 
operating temperature range. 
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Introduction

History

 In 2019, John B. Goodenough, M. Stanley Whittingham and Akira 
Yoshino received the Nobel Prize in Chemistry for their shared 
contribution to the development of lithium ion rechargeable batteries 
(LIBs) that power the majority of portable electronic devices. More 
recently, LIBs have also become the focus of interest for electric 
vehicle (EV) applications due to their numerous benefits such as 
lightweight, rapid charging, high energy density and long lifespan.
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Introduction

Growth in LIBs
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Introduction

Battery: Schematic showing of the LIB intercalation mechanism through the 
charging and discharging process. Cathode: LiCoO2, anode: Graphite (LixC6) 
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Introduction

Typical questions

- Are you interested in the thermal stability of the battery compounds?
- Do you need to characterize electrolyte mixtures?
- Are you familiar with melting behavior of the binder?
- Do you need to know more about the separator?
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 DSC analysis of a binder used in LIBs



Applications

Materials to be analyzed by thermal analysis

Materials Effects

 Electrode material (cathode, anode) Thermal stability, reduction (TGA)

 Separator Thermal stability (TGA), expansion 
(TMA), DMA fluid bath, DSC

 Binder Thermal stability (TGA), melting behavior 
(DSC)

 Electrolyte Melting behavior (DSC), water content 
(TGA, TGA-EGA)
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Electrolyte in a battery

Electrolyte

 Medium to transport ions between cathode and anode.

 Often liquid: water or other solvents with dissolved salts, acids or alkalis.

 Most commonly used: Lithium salt such as LiPF6 (lithum hexafluorophosphate) in organic 
solution (for example ethylene carbonate)

 Question: What is the melting temperature of the electrolyte to determine minimum 
temperature for charging/discharging process? How about the water content of the 
electrolyte? 

 Solution: DSC, TGA (EGA)
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Separator in a battery

Separator

 Separator: 

 Porous membrane placed between electrodes of opposite polarity, permeable to ionic flow, 
but preventing electric contact of electrodes.

 Iron batteries: Polyethylene, polyvinylchloride

 Nickel cadmium batteries: Polyamide, polyethylene, polypropylene

 Li batteries: often multilayer foils made of polymers, new: nonwoven with ceramic coating 
for better flexibility and temperature resistance. 
- Example: company Evonik developed a separator called Separion that is stable up to 

700 °C to prevent explosion like runaway scenario.

- Question: What is the thermal stability? Are the samples pure? How about the 
expansion? How will the modulus change after exposure to an electrolyte at high 
temperature?

- Solution: DSC,TGA, TMA, DMA fluid bath
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Application 1

TGA of separator
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Application 1

TMA of separator
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Application 2

Porous membrane

Task
 Thin porous separator should be analyzed by DMA fluid bath in the used electrolyte DMC

(dimethyl carbonate) for the mechanical properties

 Separator: extremely thin: 0.011 mm

 Questions: temperature range for stable experiments (separator, electrolyte)
- Use DSC and TGA to characterize materiels before defining DMA temperature range
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Application 2

DSC analysis of separator: up to 120 °C, sample is stable
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Application 2

DSC analysis of electrolyte: between 15 and 85 °C liquid
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 DMC: dimethyl
carbonate

 Boiling point: 90 °C

Melting point: 5 °C



Application 2

TGA analysis: Thermal stability: up to 120 °C
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Application 2

DMA fluid bath
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 Temperature range:

 -20-200 °C

 Special thermostat with silicon oil, temperature program possible



Application 2

DMA analysis of separator at room temperature: modulus about 202 MPa
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Application 2

DMA fluid bath analysis: Separator in DMC
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Application 2

DMA results
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Temperature measured E’, storage modulus
25 °C, no solvent 202 MPa

16.10 °C, solvent 199.4 MPa

78.85 °C, solvent 192.2 MPa

24.33 °C, solvent 197.5 MPa

1. It is possible to characterize a 
thin porous separator from a Li 
ion battery by DMA fluid bath in 
the used electrolyte.

2. Exposed to the electrolyte the
modulus decreases, but the
sample does not collapse.

3. Battery: safe use between 15 
and 80 °C. 



Summary

 LIBs are commonly used in many devices.

 The demand of LIBs is still increasing.

 Thermal analysis can help to characterize materials used in LIBs devices.

 LIBs contain: electrodes, electrolyte, separator and binder. 

 Mainly DSC, TGA , but also TMA and DMA can be applied to characterize thermal stability, 
reduction behavior, melting or expansion or mechanical behavior of LIB materials.
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Thank you


