
 

 

SUMMARY Safety of Lithium Ion batteries and battery packs 
 
 
There are several reports available on the Web describing the Safety of Lithium Ion batteries 
and battery Packs. 
In particular a Sandia National Laboratory Safety Study Report published in 2008 (link below) 
http://energy.gov/sites/prod/files/2014/03/f12/merit08_roth.pdf 

 

In Summary, Lithium Iron Phosphate (LFP) Cell Chemistry, is safer and more 
abuse tolerant 
 

Lithium ion batteries are not all the same 
There are a wide number of chemistries used in Li-Ion batteries.  
• Oxide Base Lithium ion: Conventional lithium ion battery cathodes have been transition 

metal oxides that use cobalt (Co), manganese (Mn), or nickel (Ni) based oxides 
• Lithium Iron Phosphate (LFP): Safest Chemistry uses chemically stable LFP which does not 

exhibit the energetic thermal runaway that metal oxide lithium ion cells experience.  
 

There are a wide number of chemistries used in Li-Ion batteries. LFP batteries avoid the 
reactivity, safety, and abuse sensitivity issues involved with the use of lithium metal cathodes 
by using phosphate for its cathode; no metallic lithium is present in the cell. Li-Ion batteries 
with liquid electrolyte are rechargeable batteries and have a cathode of various classes of 
materials that include layered LiMO2 (M = Co, Ni, Mn or combinations of these or other metals, 
i.e. Al, Mg, etc.), olivines (LiFePO4), or spinels such as manganese oxides. The anode is usually a 
form of carbon, namely, coke, natural and synthetic graphites, mesophase carbon micro beads 
(MCMB) or carbon fibers. The electrolyte in these cells is made up of a combination of organic 
carbonates and a salt. The most commonly used salt is LiPF6 (lithium hexafluorophosphate). 
Other salts such as LiBOB (Lithium bisoxalatoborate) or LiBF4 (lithium tetrafluoroborate) have 
also been used. 

 

 
 
 
 
 
 
 
 
 
 

http://energy.gov/sites/prod/files/2014/03/f12/merit08_roth.pdf


 

The Graphs below compares the different chemistries 
 

 

   
 

Specific Energy

Specific Power

Safety

Performance

Life Span

Cost

Lithium Cobalt Oxide (LCO): 
LiCoO2
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Lithium Manganese Oxide (LMO): 
LiMn2O4
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Lithium Nickel Cobalt Aluminum 
Oxide (NCA): LiNiCoAlO2
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Lithium Nickel Manganese Cobalt 
Oxide (NMC): LiNiMnCoO2
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Lithium Titanate (LTO):             
Li4Ti5O12
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Lithium Iron Phosphate (LFP): 
LiFePO4



 

Abuse Tolerance Comparison, LFP cells delivers safer products 
 

Iron-Phosphate Li-ion (LFP) Oxide-based Li-ion 

No thermal runaway 

No oxygen evolution 

Thermal runaway above 150 °C 

Oxygen evolution 

Li0.5CoO2  → 0.5LiCoO2  +  ⅙Co3O4 + ⅙O2 

No excess lithium in cathode 

Overcharging will not plate Li 

LiFePO4 → FePO4 + Li+ + e- 

Excess lithium can plate during 

Overcharge 

Lix CoO2  → Li(1-x) CO2  + xLi+ + e- 

Failure mode on overcharge: 

venting due to gas pressure 

Failure mode on overcharge: 

self-accelerating heat generation, 

Fire, Explosion 

Lower voltage cathode 

Less electrolyte oxidation, longer 

life Good tolerance to 

overdischarge 

Higher voltage cathode 

(more electrolyte oxidation) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Abuse Testing at Sandia National Laboratory 

 
Abuse Testing at Sandia National Laboratory states that the LFP cells heating rate was the 
lowest measured for any cell chemistry 
The thermal runaway test consists of a cell inserted inside a block. That block is heated in such a 
way that the temperature increases at a specific rate. 
The test uses a thermal ramp apparatus to determine the ramp to a runaway condition with 
external ignition, in a normal atmosphere. 
 
 

 

 
 
 
The test results comparing the LFP chemistry and several Lithium Oxide chemistries 
demonstrate that the LFP cells will not go into a thermal runaway condition whereas the 
lithium oxide batteries will go into a thermal runaway condition. 



 

 
 

Thermal Ramp Testing Video done at Sandia National Laboratory 
 

 
 
 
Click on the attached link to watch the Acumentrics movie on LFP safety 
https://youtu.be/WAqKYh4dVj4 

 



 

There are several other safety elements regarding battery packs’ redundant protection systems 
that are key elements for safe products. 
Understanding cell behavior is key for designing systems. Regulatory safety and test compliance 
are also vital. 
Understanding the specific Navy “Use Cases” is mandatory to design the proper systems for the 
safest operations associated with the longest calendar and cycle life. 
Acumentrics has the expertise to develop the rugged UPS and Battery Systems to comply with 
the Navy Requirements. 


