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Battery Accidents in News



Thermal Runaway
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Causes of Thermal Runaway
Thermal runaway is 

self-accelerated process

Stages of Thermal Runaway

Level of Internal Short Circuit (ISC)



VOCs Released from 
Batteries: 
• Di-methyl Carbonate
• Ethyl methyl carbonate
• Ethylene
• Dimethyl ether
• Methyl formate

Gases Released from 
Batteries: 
• Carbon Dioxide
• Carbon Monoxide
• Hydro-fluoride

Gases released from Li-ion Batteries during 
Thermal Runaway
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Conducting Polymer with Impedance 
Spectroscopy as an Opportunity

Poly-pyrrole
Polyaniline

Polythiophene
PEDOT

NH3

CO

NO2

SO2

VOCsO2

Methane

H2S

LPG • 2-D or 3-D response
• Impedance is inversely 

proportional to temperature.
• Non-invasive method.
• Provide in depth information of the 

electrochemical reactions.
• Interfacial study of the sensor.
• Dielectric effects can be observed.

Impedance Spectroscopy
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Advantages of Conducting Polymers:
• Tunability, 
• Flexibility, 
• Less expensive, 
• Operable at Room temperature 

Disadvantages of Conducting Polymers:
• Non-selectivity



PEDOT:PSS (poly(3,4-ethylenedioxythiophene 
polystyrene sulfonate) Sensor
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• Interdigitated-Platinum Electrode
• Spin Coated
• Energy dispersive X-ray spectroscopy (EDS)
• Uniform coating of C, S and O indicate 

presence of PEDOT:PSS



Impedance response to VOCs released from Batteries

(EMC and MF released as the byproduct of decomposition of Electrolytes)
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Principal Component Analysis
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PCA:
• Dimensionality Reduction 

Methods (3D/2D)
• PCs defines Data  > 95%
• Classify Analytes in 

Respective groups.
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All Data-Set Real Impedance Imaginary Impedance

Decades Frequencies Real Impedance (Low Freq.) Imaginary Impedance (High Freq.)

Principal Component Analysis of different Classes 
{B1(Eth 5 PPM + MF 30 PPM) + B5 (EMC 15 PPM + MF 30 PPM) + T1 + Single Analyte}
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Classification Accuracy using 
Logistic Regression Algorithm

(Machine Learning Algorithm)

Complete 
Dataset

Real 
Impedance

Imaginary 
Impedance

Real and Imaginary 
Impedance at Decade 
frequencies

Real Impedance at low frequencies and 
Imaginary Impedance at High 
Frequencies

Set 1 83.33 75 73 76.66 86.66

Set 2 88.33 85 91.66 86.66 88.33

Set 3 86.66 80 85 83.33 83.33

Set 4 90 83.33 70 80 83.33

Set 5 95 91.66 86.66 90 90

5 PPM 96.66 96.66 80 53.33 93.33

15 PPM 90 73.33 70 80 86.66

30 PPM 90 83.33 90 93.33 90

Ternary 94 96 88 88 92

Binary 75.55 72.22 62.22 60 64.44

Single 88.88 81.11 66.66 80 86.66

Classes 83.9 79.13 68.26 73.47 74.78
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There is a gas/safety vent 
in batteries, that may pop 

up and indicate the 
generation of gases

There might be leakage 
with very low pressure.

The popping noise could 
be very low and it will not 

generate any signal or 
warning to alert the users.

Gas Sensors
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