
Vilas G. Pol

#114 World Ranking

#114 World Ranking
Professor of Chemical Engineering

Are the Lithium-ion Batteries Unsafe?

Acknowledgement: While this presentation utilizes AI-generated visuals from platforms like Perplexity,
ChatGPT, and Gemini for enhanced clarity, all underlying scientific concepts and frameworks remain the
original intellectual property of the presenter and have been verified for technical accuracy.



300+ Publications; 65 H index, 200+ invited talks
27 issued US patents (10+ pending), 40+ awards

Lithium-ion    Sodium ion     Potassium ion      Li-S/Solid state     Flow 

Prof. Vilas G. Pol

Research Areas



Li-ionBattery Research Challenges
 Cost

Current projected cost (25 kW battery) ~ $1000 
- Target cost (25 kW battery) ~ $500

 Safety
Inherently safe batteries needed
Overcharge protection circuitry expensive

 Life
Current technology ~ 5 to 10 years

- Target ~ 15 years

 Low Temperature Performance
Current technology ~ Sluggish < 0 ºC

- Target ~ -30 ºC (cold cranking)
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Perplexity 



ChatGPT: Chat - Generative Pre-trained Transformer







Discarded Battery Materials to  replacing sand in the concrete



Compressive strength 





 Process reversibility should be 100% to have longer cycle life

 Requires high-capacity electrode materials 

LiC6

372mAh/g200 mAh/g

How Li-ion Batteries Work? 



Lithium-Ion Battery Safety Concerns

Google Gemini (twins)



2𝐶𝐶𝐻𝐻2𝑂𝑂𝑂𝑂𝑂𝑂2𝐿𝐿𝐿𝐿2 → 𝐿𝐿𝐿𝐿2𝐶𝐶𝐶𝐶3 + 𝐶𝐶2𝐻𝐻4 ↑ +𝐶𝐶𝐶𝐶2 ↑ +
1
2
𝑂𝑂2

(1)

2𝐿𝐿𝐿𝐿 + 𝐶𝐶𝐶𝐶2𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂2 → 𝐿𝐿𝐿𝐿2𝐶𝐶𝐶𝐶3 + 𝐶𝐶2𝐻𝐻4 ↑ (2)

2𝐿𝐿𝐿𝐿 + 𝐶𝐶2𝐻𝐻5𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂2𝐻𝐻5 → 𝐿𝐿𝐿𝐿2𝐶𝐶𝐶𝐶3 + 𝐶𝐶2𝐻𝐻4 ↑ +𝐶𝐶2𝐻𝐻6
↑

(3)
70-120 ℃

𝐿𝐿𝐿𝐿𝐿𝐿𝐹𝐹6 + 𝐻𝐻2𝑂𝑂 → 𝐿𝐿𝐿𝐿𝐿𝐿 + 𝐻𝐻𝐻𝐻 ↑ +𝑃𝑃𝑃𝑃𝐹𝐹3 (4)
𝐶𝐶2𝐻𝐻5𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂2𝐻𝐻5 + 𝑃𝑃𝑃𝑃5 → 𝐶𝐶2𝐻𝐻5𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂4 + 𝐻𝐻𝐻𝐻
↑ +𝐶𝐶2𝐻𝐻4 ↑

(5)

𝐶𝐶2𝐻𝐻5𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂2𝐻𝐻5 + 𝑃𝑃𝑃𝑃5 → 𝐶𝐶2𝐻𝐻5𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂4 + 𝐶𝐶2𝐻𝐻5𝐹𝐹 ↑ (6)
𝐶𝐶2𝐻𝐻5𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂4 → 𝐻𝐻𝐻𝐻 ↑ +𝐶𝐶2𝐻𝐻4 ↑ +𝐶𝐶𝐶𝐶2 ↑ +𝑃𝑃𝑃𝑃𝐹𝐹3 (7)
𝐶𝐶2𝐻𝐻5𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂4 + 𝐻𝐻𝐻𝐻 → 𝑃𝑃𝑃𝑃4𝑂𝑂𝑂𝑂 + 𝐶𝐶𝐶𝐶2 ↑ +𝐶𝐶2𝐻𝐻5𝐹𝐹 ↑ (8)

What happens to solvents and salt in batteries 
during thermal runaway?

C3H4O3 (EC) + (C2H5O)2CO (DEC) + LiFF6 salt

Cathode decomposes 
e.g., LiCoO2 at 150 ℃,  LiNixCoyMnzO2 at 210℃, 
LiMn2O4 at 265 ℃, and LiFePO4 at 310℃. 

>120 ℃



Purdue’s Advanced Solid-state Battery Technology
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Purdue Innovation

1. High ionic conductivity
2. Wide voltage window
3. Thermal Safe 
4. Li Dendrite free

Polyvinylidene fluoride (PVDF)
Li6.4La3Zr1.4Ta0.6O12 (LLZTO)

1. Low ionic conductivity
2. Narrow voltage window
3. Li dendrite

Poly(ethylene oxide) (PEO)

1. High interfacial 
resistance

2. Li dendrite

1. Flammable
2. Leak 
3. Li dendrite



Purdue’s Generation I



The synthesis of composite solid polymer electrolyte

Pictures of as-prepared composite solid polymer electrolyte

 Flexible

 Free standing

 Scalable

 Facile synthesis

 Operation at 
room 
temperature

Scalable Fabrication of SS Composite Electrolyte 
PVDF – Polymer Matrix; LiTFSI – Li salt; LLZTO – ceramic nanoparticles



Ionic Conductivity, Voltage Window, Thermal Stability

VS

Typical PEO-based polymer electrolyte

× Low room-temperature ionic 

conductivity (10-7 -10-5 S cm-1)

× Narrow voltage window (~ 3.8 V) 

× Inferior thermal stability (~ 230 ℃) 

Purdue’s Composite solid polymer electrolyte

 High room-temperature ionic 

conductivity (2.4×10-4 S cm-1)

Wide voltage window (~ 4.8 V) 

 Excellent thermal stability (~ 330 ℃) 



Rate studies



Room Temperature

Electrochemical Performance of Solid-state Full Cell

Anode shell
Li metal anode
Purdue’s CSPE
Cathode
Cathode shell

LiFePO4
2.8 ~ 3.8 V

LiNi1/3Mn1/3Co1/3O2
3 ~ 4.4 V

 Purdue’s Gen I composite solid polymer electrolyte does work with various 
cathodes



Schematic of multiple module calorimeter

 Different from DSC and ARC
 MMC can in-situ investigate the thermal behavior of an 

entire coin cell instead of individual components



Thermal Safety Performance
Purdue’s solid-state battery

Traditional liquid electrolyte battery

Thermal stable window:

Heat generation:

up to 177 ℃

 189 J g-1

× up to 157 ℃
× 812 J g-1VS
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Purdue’s Generation II:

Triethyl Phosphate (TEP)
• Green and nontoxic liquid

• Excellent solubility with lithium salts and polymer

• Excellent oxidative stability



Exothermic heat measurements - MMC

Conventional 

Quasi-solid state
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Ballistic Testing of 100% SOC Multilayer Pouch Cell

• Collaborative ballistic testing 
courtesy of Cornerstone 
Research Group (CRG) in 
Ohio

• Cell configuration: 
• 120 mAh; 5-layer pouch
• LFP Full Cell | fire 

retarding electrolyte | Li 
anode 

• Testing Protocol
• Precycled and fully 

charged
• Shot with 7.62x39mm 

round (cartridge size of 
AK-47)

• Visual/IR monitoring for 
smoke, flame, or 
temperature increase

Bullet 
Type

Velocity 
(m/s)

Energy 
(J)

Time of 
Impact 
(s)

Temperature 
Increase from 
impact to 10s

8.0 g 
FMJ 

738.0 
m/s

2,179 J 2.20 s None detected 
by IR

Does it really make battery safer?






Abuse testing with functionality

• Apart from various abuse tests still functional



Why are we NOT going on Mars (Yet)?

Cold Energy

Water Food 







Energy Harvesting and Storage at Extreme Temperatures



Silicon solar cell efficiency increases at lower temperature



Promising charging and discharging at (-105 oC)

 Integrated batteries and solar cells
 Can operate at extreme temperatures ranging from -170oC to 

300oC 



How AI is going to help making lithium-ion batteries safer?

Google Gemini





Summary
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