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Introduction
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Well performing lithium-ion batteries must balance six parameters
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Parameters are tuned for the end-market
Material characterization can help with material selection and optimization
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Waters | TA Instruments understands the material characterization needs of lithium-
ion battery developers and offers thermal analysis, rheology, and isothermal 
microcalorimetry solutions to help battery researchers, formulators, and production 
specialists develop better performing, longer life-time, and safer batteries.

Our Value Proposition

TGA (EGA) DSC SDT Rheometer Flash

Characterizing 
composition of active 

materials and its thermal 
stability

Measure thermal 
reactions to identify 

decomposition 
temperatures

Thermal stability and 
melt phase to quantify 

unreacted active 
material

Developing ideal flow 
characteristics for 

processing

Materials ability to 
dissipate heat and 

maintain ideal operating 
temperature

Determination of parasitic 
reactions to rank various 

combinations of cell 
component chemistries

DMA

Characterize 
battery mechanical 

integrity
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TA Instruments Solutions and the Battery Value Stream

Tarascon, J.M. & Armand, Michel. (2001). Issues and Challenges Facing Rechargeable Lithium Batteries. Nature. 414. 359-67. 10.1038/35104644. 
https://www.adhesivesmag.com/articles/97187-henkel-to-debut-electric-vehicle-battery-material-solutions-at-the-electric-hybrid-vehicle-technology-expo
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materials
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battery cells into 
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Assemble 
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Improve Battery Material Testing using  
Isothermal Microcalorimetry

Application Microcalorimetry
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Why using Isothermal Microcalorimetry for battery testing ?

 Only method that directly measures 
the occurrence of non-current 
producing reactions under load

 Very sensitive method to assess 
self-discharge, sometimes the only 
method

 Direct and continuous

 Non-destructive

 Simple

 Battery testing 
− Open circuit
− Charge/discharge
− Parasitic reactions
− Gas/pressure measurements
− Heat capacity

 Component testing 
− Stability and compatibility
− Humidity sensitivity and sorption
− Material interactions
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Battery Cell

Tarascon, J.M. & Armand, Michel. (2001). Issues and Challenges Facing Rechargeable Lithium Batteries. Nature. 414. 359-67. 10.1038/35104644. 

 Battery Forms

 Challenge: Non-destructive whole battery testing to 
Predict battery life and performance
 Electrochemical reaction
 TA Instruments : TAM IV Non-destructive whole 

battery testing measure parasitic reactions, heat 
flow during charge and discharge 
 Provide insight to battery thermal management for 

improve battery safety and predict battery life.

Coin Cylindrical 

Pouch and Prismatic 

Battery Cell Test 

in situ / operando testing of batteries for performance, lifetime 
predictions and safety

 Evaluate and understand parasitics
 Lithium plating
 Rank cells
 Data for thermal management
 Battery design
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Battery performance & life-time predictions

 Parasitic cell reactions are related to the battery lifetime
 Parasitic cell reactions
− Not part of the battery chemistry and can lead to capacity loss of the battery
− Can be due to electrolyte oxidation, material incompatibility and also the formation of 

passivation layers of the electrodes
− Elimination or reduction of these reactions is expected to improve calendar and cycle life of 

a battery, thus reducing the need for over-sizing the battery and thereby reducing the cost.

 TAM
− Can measure and quantify parasitic reactions
− Can evaluate effects of additives to reduce parasitic reactions
− Is evaluated to be able to predict the life-time of a battery in a fewer cycles (<10) than what 

is currently done (500+)
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MicroXL Macrocalorimeter
Up to 4 parallel samples

20 mL Mini- and 
multicalorimeter
Up to 12 parallel samples

Microcalorimeter
Up to 4 parallel samples

Self-discharge

Charge- discharge 

Charge- discharge Charge-discharge

Self discharge

Heat capacity

Charge-discharge

Self discharge

Heat capacity

Highest sensitivity option

Self-discharge

Charge- discharge 

Charge- discharge Charge-discharge

Self discharge

Heat capacity

Charge-discharge

Self discharge

Heat capacity

Medical device/batteries

Highest sensitivity option

Self-discharge

Charge- discharge 

Charge- discharge Charge-discharge

Self discharge

Heat capacity

Charge-discharge

Self discharge

Heat capacity

Highest sensitivity option

Self-discharge

Charge- discharge 

Charge- discharge Charge-discharge

Self discharge

Heat capacity

Charge-discharge

Self discharge

Heat capacity



12©2022 Waters Corporation

Method to separate the heat flow components

By integrating the heat flow from the 
discharge/charge cycle the heat from reversible 
entropy term cancels out  the polarisation and 
parasitic heat is achieved

The heat of polarisation is calculated by 
integrating the voltage hysteresis. 

By subtracting the integrated voltage data from 
the integrated heat flow data the parasitic 
reaction heat can be accessed.

Integration – Subtraction method

L. J. Krause et al. Journal of The Electrochemical Society, 159 (7) A937-A943 (2012)
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 Vinylene carbonate (VC) is an 
electrolyte additive that is 
shown to reduce parasitic 
reactions
 By adding incremental 

amounts of VC to identicals 
cells the magntitude of heat 
flow can be compared to a cell 
with no addition.
 Tests can also be made to see 

the voltage dependent effect 
of different additives.

Evaluation of electrolyte additives
Comparing magnitude of heat flows

L. E. Downie, K. J. Nelson, R. Petibon, V. L. Chevrier, and J. R.Dahn, ECS Electrochem. Lett., 2, A106–A109 (2013).
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Safety of batteries

 Most safety tests for batteries are performed with ARC and other 
techniques (as the nail penetration test) – abuse tests

 TAM is a complementary tool
− Whole battery cell heat capacity can be measured with TAM. This 

information is needed for the thermal management of batteries. 

− Battery open circuit heat flow can reveal cell design issues and material 
incompatibilities, e.g. self discharge of implantable medical devices

− Safety information, stability and compatibility, on the material level as well 
as assembly level
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Battery heat capacity is information 
needed for thermal management of
batteries.
With TAM it is possible to make this 
measurement by stepwise changing the 
temperature and measuring how much 
energy is needed to heat or cool the 
battery.
Outline of the method:
 Cycle the temperature in steps
 Measure the heat associated with the 

temperature change
 Calibrate with a well-defined 

substance i.e. Sapphire
 Blank measurements are needed

Heat capacity determination
Step isothermal method

0.92 J/K/cell
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Self-discharge of implantable medical device batteries

 Pacemakers, defillibrators & neurostimulators
 Many of these batteries are non-rechargable
 Battery performance and life-time reliability 

are extremely important
 Small amount of heat 1-20 µW, 

and more likely < 10 µW
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Battery component testing

 Stability and compatibility
 Humidity sensitivity and sorption
 Gas release and pressure increase
 Interactions and complexation
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Stability testing of individual components

Coated vs non-coated electrode

TA Instruments applications laboratory, Japan

Non-coated 
electrode

Coated 
electrode
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Compatibility testing of Battery components
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Conclusion
Isothermal microcalorimetry is the only method 
that directly measures the occurrence of non-
current producing reactions under load.

It is highly sensitive, non-destructive, simple and 
continuous

Benefits of using microcalorimetry in battery 
development:

 Reduce risk of failure and time to market for 
new battery technology

 Increase battery life-time and reduce cost by 
measuring and reducing the parasitics

 Provide data for battery safety
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