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Introduction 



Definitions 

ÅLower Flammability Limit (LFL) is the minimum concentration of a 
fuel in an oxidizer that will ignite. Less fuel will be too lean to ignite. 

 

ÅUpper Flammability limit (UFL) is the maximum concentration of a 
fuel in an oxidizer that will ignite. More fuel will be too rich to ignite. 

 

ÅMinimum Inerting Concentration (MIC) is the minimum 
concentration of an inertant required to prevent ignition regardless 
of fuel concentration. 

ïThis is also where the LFL meets the UFL 



Background 

!ƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǾŀǊƛŀōƭŜΧ Causes ǘƘŜ ŦƭŀƳƳŀōƛƭƛǘȅ ƭƛƳƛǘǎ ǘƻΧ 

Spark Energy [1] Expand 

Ambient Temperature [1] Expand 

Ambient Pressure [2] Constrict 

Pressure Vessel Volume [3] Constrict 

The application of flammability limits should be applied carefully while 
considering all possible variables. The above variables have been shown 
to effect data outcome. 

ÅThis table shows variables and its effect on the flammability limits 



Background 
ÅTesting was conducted to determine the constituents of 18650-sized LiCoO2 

rechargeable lithium-ion battery cell vent gases at various states of charge [4].  
ÅThe three main constituents were found to be carbon monoxide (CO), carbon 

dioxide (CO2), and hydrogen (H2) [4]. The remaining constituents are various 
hydrocarbons [4].  

Å It was found that increasing the SOC increases the overall lithium battery vent gas 
volume and changes the lithium battery vent gas composition [4]. 

 

These tests were used to confirm the chemical makeup of the premixed lithium-ion 
battery vent gas (Li-Ion pBVG) used for testing. 



Background 
ÅLithium batteries are commonly used and can be packed in bulk and 

shipped in the cargo holds of freighter aircraft 

ÅCurrently lithium batteries are banned from bulk shipment on 
passenger aircraft [5].  

ÅA lithium battery in thermal runaway can propagate from cell to cell 
and box to box [6]  

ï1668 degrees F in lithium-ion cells (rechargeable) [6]  

ï2009 degrees F in lithium metal cells (non-rechargeable) [6] 

 



ÅClass C cargo compartment utilizes [7] 

ïFire resistant liner 

ïEarly fire detection 

ïAn isolated and built in fire extinguishing system 

ï5 %vol Halon 1301 knockdown concentration  

ï3 %vol Halon 1301 sustained for remaining duration of flight 
* Title 14 Code of Federal Regulations (CRF) part 25 §25.857 

 

ÅBut is that sufficient for lithium-ion battery fires? 
ïThe objective of this work is to determine if the 5 %vol knockdown and the 3 

%vol sustained of Halon 1301 in a Class C cargo compartment are sufficient to 
render the buildup of a lithium-ion battery vent gas (Li-Ion BVG) in air inert. 

 

 

Regulations 



ÅExperimentally determine the LFL and UFL of hydrogen and air 
mixtures 

 

ÅExperimentally determine the inerting effects of Halon 1301 on 
hydrogen and air mixtures 

ïLFL and UFL with 10 %vol Halon 1301 

ïLFL and UFL with 20 %vol Halon 1301 

ïMIC of Halon 1301 on hydrogen and air mixtures 

 Scope 



ÅExperimentally determine the LFL and UFL of Li-Ion pBVG and air 
mixtures 

 

ÅExperimentally determine the inerting effects of Halon 1301 on Li-Ion 
pBVG and air mixtures 

ïLFL and UFL with 5 %vol Halon 1301  

ïLFL and UFL with 7 %vol Halon 1301 

ïLFL and UFL with 8 %vol Halon 1301 

ïMIC of Halon 1301 on Li-Ion pBVG and air mixtures 

 

 

 

 Scope 



ÅCompare experimental results to calculated results using     
Le Chatelier's mixing rule for determining the flammability 
limits of lithium battery vent gas in air. 

 

ÅPredict flammability limits for various states of charge using 
[Ŝ /ƘŀǘŜƭƛŜǊΩǎ ƳƛȄƛƴƎ ǊǳƭŜ. 

 

 Scope 



 

Pressure Transducer 
0-15 psi 

partial pressures 

Pressure Transducers 
0-30 psi and 0-100 psi 

pressure rise  

High speed and low speed  
data acquisition system 

21.7 Liter 316L stainless steel pressure vessel  

Thermocouple 



Two stainless steel electrodes  
3.2 mm diameter 316L 

12 V mixing fan 
* The addition of the 12 V mixing fan 
greatly improved test reproducibility for 
hydrogen ς air ς Halon 1301 gas mixtures * 


