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Evolved questions on Evolved Gas Analysis (EGA)

 How does EGA work? Why is it important?

 What techniques can be used for gas analysis? 

 What are the advantages and disadvantages to the analysis techniques?

 How does EGA sampling work?

 What are the problems with sampling?

 What is different about the data analysis?
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Evolved Gas Analysis (EGA)

 EGA is the analysis of gaseous products from 

 decomposition of materials  

A         B (solid) + C (gas)

 from off-gassing

 Vapor pressure

 Bound or trapped gas

 Physical/Chemical adsorption

 Absorption
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 Normally we apply heat to start 

or enhance the process of gas 

production (no matter what is the 

mechanism)

 Natural to link thermal analysis 

and EGA  HEAT GAS



Thermal Analysis and Calorimetry

for Materials, Components and Full Cells
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In principal Evolved Gas Analysis can be applied to 

many of the techniques used
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Evolved Gas Analysis (EGA) in Battery Area is 

Important

 EGA allows us to characterize materials more completely

 R&D or in Quality Control

 EGA allows us to more completely understand a decomposition so it can be 

prevented or delayed

 EGA allows us to identify gaseous products that are created during 

catastrophic failures for safety considerations and emergency response

 EGA is a sensitive in perhaps one of the few ways to understand the source 

and impact of small gas production over repeated cycling.
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Agenda
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1. DSC, TGA, STA Overview

2. Calorimetry of Decomposition Reactions in Batteries and Battery Materials

3. EGA Analysis Techniques
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DSC Principle
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Furnace
Refer.Sam ple

DT

QPR

.

During a phase transition a temperature difference (heat flux

difference) between the sample and reference can be measured 

by means of a thermocouple.

Heat Flux

DSC:

sample and

reference 

together in

one furnace



DSC – Typical sample measurements
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Amorphous part: glass transition and post-crystallization;

Crystalline part: melting peak

Glass transition

onset:   70.6°C

midpt.    74.8°C

del cp:    0.40 J/(g*K)

Sample: PET

Sample mass: 20.97 mg

Crucible: Al

Cooling rate: 10 K / min

Atmosphere: N2

Melting

area: 40.29 J/gPost-crystallization

area: 37.2 J/g

150.8°C

255.5°C
Exo
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Crucibles for DSC measurements
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DSC Curves Showing Improved Anode Stability  
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Fig. 1. DSC trace of the reactions occurring 

in a fully lithiatedMCMB 25-28 graphite 

plastic anode containing electrolyte or not.

• Two Curves of anode with liquid 

electrolyte and one of an anode 

washed with DMC

• What does it mean?

• Older example but typical of 

complicated DSC traces

• Step through the method used 

by the researcher

• Same methods and analysis 

can apply

• First hypothesis is that DMC 

removed the SEI layer

• Soluble  in DMC

• Lead to self discharge if DMC 

is in the electrolyte

Unraveling the DSC of Lithiated Graphite Anode

Differential Scanning Calorimetry Study of the Reactivity of Carbon Anodes in Plastic Li-ion Batteries 

J. Electrochem . Soc 1998, Volume 145, Issue 2,pages 472-477
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Fig. 2. DSC trace of the delithiated MCMB 

25-28 graphite plastic anodes before and 

after formation of the passivation layer.

• In this same study they tested fully 

lithiated MCMB 25-28 graphite 

plastic anodes under various 

conditions: 

(a) immediately after intercalation 

in a pan sealed under Ar; 

(b) after 65 h relaxation, in a pan 

sealed under Ar.

• They found that there is a shift in 

this peak

• Self-discharging

• Formation of CO2 from 

decomposition of Li-akyl

carbonates

Determining SEI Formation using DSC

Differential Scanning Calorimetry Study of the Reactivity of Carbon Anodes in Plastic Li-ion Batteries 

J. Electrochem . Soc 1998, Volume 145, Issue 2,pages 472-477
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Thermogravimetry Analysis (TGA)
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TG curve
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Thermogravimetric Analysis (TGA)

Top-Loading Design

TG 209 F3
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Thermogravimetric Analysis on Cathode
Understanding thermal stability of battery components

TG and DTG curves for the delithiated LiCoO2 cathode material with 10 

K/min heating rate
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[1]

[1]

Output from NETZSCHSTA 449 F1 Jupiter Coupled to the QMS 403C
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Simultaneous Thermal Analysis

Simultaneous Thermal Analysis implies the application of two or 

more thermoanalytical techniques (usually TG and DTA/DSC) on 

one sample.

Furnace
Refer.Sam ple

DT

QPR

.

TGA + DSC = STA

Balance

Thermogravimetry Differential Scanning 

Calorimtery
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Advantages of STA
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TGA and DSC are applied simultaneously to the same sample!

Time effective! Also (expensive) sample

material can be saved. 

Direct comparison of TGA and DSC possible

(same measurement conditions on exactly 

the same sample)

Exact determination of enthalpy changes

(sample mass continuously monitored, 

enthalpy recalculated)
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DSC/DTA Sample Carriers
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The use of adiabatic systems has the advantage that no heat loss is allowed from 

the sample and therefore, the behavior in real large scale chemical reactors can be 

simulated (worst case scenario).

Adiabatic Calorimetry
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Plotting Self-Heat Rate and Pressure Rate Kinetic Analysis 

can be done

Pressure rate

Temperature rate

Standard Proteus Analysis Plot
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Temperature Rise – Reaction Heat



Measuring a solid 

anode and a liquid 

electrolyte solution is 

often times easier to do 

in a larger calorimeter 

like the MMC or ARC. 

This is a series of 

standard HWS steps to 

took at the compatibility 

of battery materials
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Source: ADL CSI ARC

Battery Safety
Compatibility Study with Anode and Different Electrolytes

ARC Testing of Graphite Anode with Different Solvents + LiPF6
Conoco CF 7779-55 with electrolyte
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Comparison  of  Three Lithium Ion Batteries

for Thermal Runaway
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Source: NETZSCH ARC 254
Created with NETZSCH Proteus software
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Battery Safety – Thermal Stability dependence of 

SOC (State-of-Charge) and Overcharging
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Source: ADL CSI ARC
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Pouch Cell 
Closed System for Gas collection

Configure Cell holder types and plumbing to meet testing requirements
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3. EGA Analysis Techniques
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In Thermogravimetry (TG) or Simultaneous Thermal Analysis (STA), 

the mass change (and transformation energetics) of a sample is 

measured versus temperature or time.

Evolved Gas Analysis yields additional information regarding the 

nature (composition) of the gases evolved during a mass-loss step.

In most cases, a Quadrupole Mass Spectrometer (QMS) and/or an 

Fourier Transform Infrared Spectrometer (FT-IR) system are 

coupled to a TG/STA system for evolved gas analysis.

Possibilities:

• TG/STA-FT-IR coupling (transfer line)

• TG/STA-MS coupling (capillary coupling)

• STA-MS coupling (SKIMMER®)

Evolved Gas Analysis in Thermal Analysis
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STA/TG-MS Coupling: yields information on the composition (mass  

numbers of elements and molecules) of the evolved gases.

 High sensitivity

 Fast and easy interpretation of atomic/inorganic vapors and standard 

gases (H2, H2O, CO2, ....)

 Fragmentation, interpretation of organic molecules is sometimes difficult  

STA/TG-FTIR Coupling: yields information on the composition 

(absorption bands) of the evolved gases (bonding conditions).

 Easy interpretation (spectra data bases) of organic vapors without 

fragmentation

 Symmetric molecules cannot be detected

.

Different Coupling Techniques Available
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Gases, leaving the 

outlet of a TG/STA, 

are lead into a gas 

measuring cell of an 

FT-IR via a transfer 

line.

By means of 

measurement of the 

absorption spectra, 

the nature of the 

evolved gases can be 

analyzed. 

TGA/STA- FTIR Coupling

Battery Testing|  Analyzing & Testing  |  2016 34



Interaction of Infrared Radiation with Molecules

Vibration Excitation

FT-IR Theory: Interaction of Electromagnetic Waves

Example: Low level detection of water in battery materials 
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FT-IR gas cell

(230°C)

Transfer line

(230°C)

Control

thermocouple
Adapter head

(230 °C)

Control

thermocouple

Micro furnace

Sample

Sample carrier

Control

thermocouple

Gas outlet

TG 209 cell

TG-FT-IR Coupling – Realization
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 FTIR is good technique for water identification as the resulting spectrum is 

strong and easily identifiable 

FTIR identification of water for QC on battery 

materials
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Gases, leaving the outlet of a TG/STA, are lead to a QMS system 

via a capillary (pressure reduction required).

By means of measurement of the mass numbers (m/z), 

conclusions on the composition of the evolved gases can be 

drawn.

QMS systems are extremely sensitive. Interpretation of the MS 

spectra of inorganic materials can often easily be made. 

Problems: Fragmentation, interpretation of spectra in organic 

compounds are difficult. 

TG/STA –MS Coupling
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pump

Thermobalance

Interface

Mass Spectrometer

10  mbar
3

10  mbar
-5

STA or

Quadruple Mass Spectrometry requires a reduction in 

the source pressure
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Mass separation in a quadruple 
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The STA 449 Aëolos® Interface

Battery Testing|  Analyzing & Testing  |  2016

Simultaneous measurement of STA, MS 

and FT-IR!

Entire coupling interface is heated up to 

300°C (no cold spots)

Prevention of condensation 

of evolved gases

Enhance the traceability of 

evolved gases

Minimize the risk of blocking

of the coupling capillary
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The TG-GC-MS Coupling Principle
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TG

STA
GC MS

Thermal Separation 

(Decomposition Steps)

Time Separation 

(Gas Species)
Gas Identification
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 Mass spectra can be complicated.  GC separation prior to identification in a 

mass spectrometer can make it easier for analysis but adds time to analysis



GC Principle
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Gas mixture

(mobile phase)
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Coupling with Chromatographic Pre-Separation
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Event-Controlled TG-GC-MS Separates NR and SBR 

Decomposition Steps
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GC-MS-Analysis

45



Help with Identification: Library Search Report @ 

designated temperatures 
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Thermogravimetric Analysis of Cathode
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TG and DTG curves for the delithiated LiCoO2 cathode material with 10 K/min heating rate

Understanding thermal stability of battery components

100 200 300 400 500 600
Temperature /°C

90

92

94

96

98

100

TG /%

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

DTG /(%/min)

-3.46 %

-3.48 %

-1.51 %

-0.73 %

Residual Mass: 90.81 % (611.5 °C)
279.1 °C

342.2 °C

440.6 °C

[1]

[1]

Output from NETZSCHSTA 449 F1 Jupiter Coupled to the QMS 403C



Cathode Material Example Using Evolved Gas 

Analysis

MS ion-current for the 16; 18; 32 and 44 amu mass numbers and TG  for the 

delithiated LiCoO2 cathode material with 10 K/min heating rate
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Output from NETZSCHSTA 449 F1 Jupiter Coupled to the QMS 403C
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• TGAs are standard in Research and Development as well as 

Quality Assurance of Automotive Parts  

•Simultaneous TG-DSC instruments (STA) are standard

in research and development, for example, in the organic or 

inorganic chemistry. 

• Coupling to MS or FT-IR yields additional information 

on the material’s behavior at high temperatures and the 

nature of the evolved gases.

Conclusion
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Thank you for your attention!

Questions? Peter Ralbovsky
Calorimetry Product Manager

NETZSCH Instruments North America, LLC

BU Analyzing & Testing

Phone: +1 781 418 1807

Mobile : +1 781 223 6855

e-mail: peter.ralbovsky@netzsch.com

www.netzsch-thermal-analysis.com
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