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TECHNIQUES & SAMPLE DATA

As new battery technology increases energy density, a determination of safety and stability becomes critical earlier in the development 

cycle. The Coin Cell DSC enables thermal assessment of coin cells, revealing energy release and reactions to inform safety and 

performance evaluation. 

Differential Scanning Calorimetry  
for Batteries 
Differential Scanning Calorimetry is a well-established analytical 

technique to measure the amount of heat released or absorbed by 

a sample during heating or cooling over a range of temperature. 

DSC is used to assess materials’ thermal properties, including phase 

transitions, onset temperature, and heat of reaction. Heat flux 

instruments for DSC heat a sample and a reference pan (usually an 

empty pan) in a furnace, enabling quantitative heat flow analysis. 

Today, DSC is commonly used to test isolated battery materials, 

but testing the components separately may not reveal the extent 

of their interactions. This can conceal hidden safety defects that,  

if only discovered after scaling to larger formats, can lead to costly, 

time consuming, and potentially dangerous mistakes. 

The Coin Cell Differential Scanning Calorimeter enables battery 

researchers and developers to quickly and confidently assess coin 

cells’ thermal properties without teardown. Now, complete coin cell 

batteries can be thermally tested along with evolved gas analysis, 

cell voltage monitoring, and charge/discharge cycling. The insights 

from the Coin Cell DSC help bridge the gap between materials 

testing, whole-cell safety, and performance evaluations.

Properties measured include: 
•	Heat flow 	 •	Onset temperature 

•	Heat of reaction 	 •	Reaction mechanism 

•	Evolved gas analysis 	 •	Voltage monitoring 

Coin Cell 
Differential Scanning Calorimeter 
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Batteries Application - Sample Data 
The Coin Cell DSC enables battery developers to verify new formulations’ safety in 

early-stage testing with less material and faster turnaround times than late-stage 

safety testing. Deeper analysis is possible by connecting thermal evaluations 

with Evolved Gas Analysis (EGA) to identify gases released during thermal 

degradation or reaction mechanisms lead to thermal runaway. Additionally, 

electrochemical connection enables voltage monitoring or charge/discharge 

cycling to identify thermal events happening during thermal and electrical 

abuse. This comprehensive analysis of battery cell behavior and heat release 

supports reliable predictions of battery safety and performance. The following 

example experiments show real data and analysis from the Coin Cell DSC. 

Battery Thermal Safety  
Temperature ramps are used to understand batteries’ thermal stability and any 

cross-reactions between battery materials. A temperature ramp measures onset 

temperature and heat of reaction as well as supporting identification of reaction 

mechanisms. This figure shows a temperature ramp to 600 ˚C of NMC battery 

chemistries, revealing four steps of the reaction: 

1. Onset temperature of irreversible cell decomposition  

2. Separator melting and coin cell gasket melting  

3. Thermal decomposition and cross reaction of electrolyte and active materials   

4. Thermal degradation of gasket and high temp reaction with cathode materials
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 Figure 2 shows three sample runs of the NMC cell,  
demonstrating the Coin Cell DSC’s excellent repeatability. 

Figure 1 
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Thermal Coupling Evolved Gas Analysis  
Thermal analysis coupled with Evolved Gas Analysis (EGA) helps 

identify reactions responsible for thermal degradation and the gases 

generated during heating. In this example, a temperature ramp 

exceeds the gasket’s melting temperature, allowing gas venting and 

EGA to detect released species. As shown in Figure 3, solvent release 

is observed at 167 °C. At 234 °C, carbon dioxide (m/z 44) evolution is 

detected, corresponding to electrolyte decomposition and cathode 

degradation. By coupling the Coin Cell DSC with mass spectrometry, 

this experiment reveals both the composition of off-gases and the 

temperatures at which they are released. 

Voltage Monitoring to Identify Internal Short  
Identifying exactly when the battery short circuits and loses 

its functionality is critical for engineering and design. Voltage 

monitoring ensures the cell state-of-charge is reached and pinpoints 

when an internal short circuit occurs, supporting safety predictions. 

Voltage monitoring also ensures the cell is safe to handle after the 

test is complete. 

Figure 4 shows when the short circuit starts to occur with the 

decrease in voltage aligning with the heat flow onset, revealing early 

signs of degradation. The voltage drop indicates an internal short 

circuit in the cell, resulting in the cell completely failing and voltage 

dropping to 0 V.  

Isothermal Cycling in Different Temperatures 
Isothermal cycling with a cycling capsule measures a battery’s  

eat flow related to cycling at different isothermal temperatures.  

The Coin Cell DSC offers battery cycling to obtain total heat 

generation at charging and discharging. Figure 5 tracks the total 

heat generated during a charge and discharge cycle held at 25 ̊ C, 

showing that this sample has 1.48 J total heat flow during charge 

and 1.8 J total heat flow during discharge. Accurate total heat flow 

measurement is required for thermal management design and 

modeling.  

0

-100

-120

-140

-40

-80

-60

-160

-180

10-1

100

101

102

103

104

105

106

107

108

-200

-20

50 100 150

30025020015010050 350 400 450 500 550 589

200 250 300

H
e

a
t F

lo
w

 (
m

W
)

Io
n

 C
u

rre
n

t (m
A

)

Time (min)

Temperature (˚C)

Ramp 2.00 ˚C/min to 600.00 ˚C
18.00 AMU
44.00 AMU
45.00 AMU

0

-40

-60

0

-20

-80

-100

-2

0

2

4

6

-120

20

100 200 300 400 500 600

H
e

a
t F

lo
w

 (
m

W
)

Vo
lta

g
e

 (V
)

Temperature (˚C)

Heat Flow
Voltage

1100

2

1

4

3

0

1.5

2.0

3.0

2.5

4.0

3.5

32

30

28

26

34

24

4.5

-1

5

1150 1200 1250 1300 1350 1400 1450

C
o

in
 C

e
ll 

H
e

a
t F

lo
w

 (
m

W
)

Vo
lta

g
e

 (V
)

Te
m

p
e

ra
tu

re
 (˚C

)

Time (min)

Charge Discharge

Heat Flow
Voltage
Temperature

Figure 3 

Figure 4 

Figure 5 


