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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)
3John B. Goodenough et al., Chemistry of  Materials (2010) 22, 587

New

Presenter Notes
Presentation Notes
Current projected cost based on 100,000 batteries/year
25 kW battery is being considered for a Power-Assist HEV
For Gen2, the battery pack should have about 3 kWh energy. 

A 15.4 Ah battery will deliver ~15.4 x 4 = 61.6 Wh
Therefore for 3 kWh (3000 Wh) capacity, we need 3000/61.6 = 48.7 cells.

If we used 1Ah cells, then each cell will have an energy of ~4Wh.
Then we’ll need, 3000/4 = 750 cells.

For Power-Assist vehicles, because the battery is being charged constantly we do not need high energy batteries, only high power.
Therefore, we can design lower-energy batteries, especially for systems like the spinel-graphite, which will deliver high power.

Ultracapacitors can also deliver high power. They also have very good cycle life. However, their energy density is poor.
Furthermore, their self-discharge rate is relatively high.

Address the current limitations of lithium batteries:
Cost:  Today’s lithium-ion batteries are too expensive for use in hybrid electric-, plug-in hybrid- and all electric vehicles.  Further R&D is required to find lower cost materials and materials processing techniques, as well as materials that will reduce battery size.
Energy density:  Existing lithium-ion battery materials do not store enough energy to 
allow small, compact, light-weight batteries to power plug-in hybrid electric vehicles for sufficiently long distances.  Further R&D is required to find higher capacity electrode materials that will work in practical batteries with acceptable power.
Safety:  The recent recall of small laptop computer batteries by several Japanese battery manufacturers emphasizes inherent safety problems of lithium-ion battery technology.  Larger, high-voltage batteries with today’s lithium-ion technology can create even larger, uncontrolled thermal events.  Further R&D is required to address lithium battery inherent safety and to find new or modified (passivated) electrodes and non-flammable electrolyte solvents to overcome this hazard that limits the energy content of current batteries.
The Environment:  Disposal of batteries represents a significant environmental cost of current battery technology.  Extending battery life, reducing levels of toxic ingredients and the effective recycling of batteries would greatly reduce this impact.




 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? 



+

Charge

LixMO
2

LixC6

Li+

-

e-

How Does Lithium-ion Battery Works?
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Feng et al. Energy Storage Materials, 2018, 10, 246.

Thermal runaway mechanism of lithium-ion battery



Accidents related with lithium-ion battery failure

Feng et al. Energy Storage Materials, 2018, 10, 246.



The roadmap of the lithium-ion battery

Feng et al. Energy Storage Materials, 2018, 10, 246.



Components contribution in heat generation



Simulation of possible crush conditions



The results of overcharge induced TR for a commercial lithium-
ion battery



The mechanism of the internal short circuit caused by 
overdischarge due to copper dissolution and deposition



The three level of the internal short circuit



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 ℃



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

 Requires high capacity electrode materials 

LiC6

372 mAh/g200 mAh/g

Can we make separator better to enhance safety ?

YesYes Yes

Today 



Kapton

232 °C
resistant to flame



Electrospinning of PI fibers 

BTDA: 3,3,4,4-benzophenonetetracarboxylic acid dianhydride
ODA: 4,4-oxydianiline
PAA: polyamic acid



Thermal, spectroscopic, topographical and wettability



Comparative plating/stripping evaluation of the PI and 
PP separators



Electrochemical performance and safety studies of the 
Li/LFP full cells with PI fibers and PP membrane

Multimodule calorimetry





Synthesis of the electrospun PI-Al2O3 membrane and its 
chemical structure



Morphological investigation of the electrospun
PI-Al2O3 membrane



Electrospun
PI-
Al2O3 mem
brane for 
lithium-ion 
full-cells



Ex-situ and in-situ thermal safety aspects of the 
electrospun PI-Al2O3 separator





Mechanistic Elucidation of Thermal Runaway in Potassium-Ion Batteries  
NSF CBET-1804300

Highlighted works: Full publication list:

2018 2019

2021 2022

Thermal runaway mechanism of 
graphite anode

Overview of carbonaceous 
materials safety

Thermal runaway mechanism of 
PIB full cells

Improving the PIB safety with an 
electron-conducting binder

This project successfully interpreted the thermal runaway mechanism of PIBs. In-depth scientific insights and 
guidelines were developed for building safer next-generation PIBs.

(2018). Mechanistic elucidation of 
thermal runaway in potassium-ion 
batteries. Journal of Power Sources, 
375, 131-137.

(2019). Temperature dependent 
electrochemical performance of 
graphite anodes for K-ion and Li-
ion batteries. Journal of Power 
Sources, 410, 124-131.

(2019). Carbon anodes for 
nonaqueous alkali metal‐ion 
batteries and their thermal safety 
aspects. Advanced Energy 
Materials, 9(35), 1900550.

(2021). Revealing the Thermal 
Safety of Prussian Blue Cathode 
for Safer Nonaqueous 
Batteries. Advanced Energy 
Materials, 11(42), 2101764.

(2022). Mechanistic Elucidation of 
Electronically Conductive PEDOT: 
PSS Tailored Binder for a 
Potassium‐Ion Battery Graphite 
Anode: Electrochemical, 
Mechanical, and Thermal Safety 
Aspects. Advanced Energy 
Materials, 12(14), 2103439.



Summary

1. Polyimide based separators are safer, Al2O3 nanoparticles further 
enhanced the safety

2. Potassium ion batteries could be safer than conventional 
Lithium-ion batteries after multiple modifications.

3. Graphite exfoliates, initial SEI breakdown at lower temperatures. 

4. Prussian blue based cathode releases trapped moisture and could 
form CN toxic gases 
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Summary
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