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Context :

In order to consider nanosafety aspects on the use of nano-enhanced batteries, a potential accidental scenario by calcination (mimicking a

defective device) was implemented. The impact of cycling and Safe-by-Design (SbD) formulation on the emissivity of Li/ion button cells

(anode parts only) was assessed.

The emitted aerosol signature (duration, concentration, granulometry, and composition) during the action of thermal degradation was

determined for comparison between unused and cycled batteries with or without SbD concept.
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Thermal degradation results
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Unused batteries:

Å Two release steps : 10-20s and 20-100s

Å Emissivity: Si@C A > Si A > SP A > Cu A

Cycled batteries:

Å Significant increase in airborne particle

release throughout the duration of

incineration event

Å Emergence of a third time slot (20-40s)

Å Sample with Si@C NPs more emissive than

the one with only Si NPs
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Only the anodes of the Li/ion batteries were studied. 

Chemical Composition of batteries anodes: 

Å Copper Substrate

Å Polymer (Carboxymethyl Cellulose)

Å Nanoparticles of  Carbon - « Super P » (ØNP=60nm) 

Å Silicon NPs / Silicon NPs coated with Carbon Nps (Si@C) (~5% of total weight)

4 types of Anodes (A) in 2 states of use: 

Å Copper Substrate Cu A

Å Copper Substrate + Super P C A

Å Copper Substrate + polymer + Super P + Si NPs Si A

Å Copper Substrate + polymer + Super P + Si@C NPs Si@C A

Aging protocol: at least 15 cycles of charge/discharge

Observations:

Å decrease of the discharge capacity, 

Å alteration of the surface on both sides for Si A and Si@C A

Disks: Ø = 14 mm, thickness = 30 ï50 µm (Cu: 12µm), mtotal = 17 mg, mactive = 0.7-0.9 mg

Description of the samples
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Kinetics of Degradation and Granulometry

Normalized particle release

Total Airborne particle number (CPC/FMPS) :

Å Unused batteries : 6.105 - 108 particles emitted / 

mg of anode

Å Cycled batteries : 4 108 - 5 108 particles emitted / 

mg of anode

ñFirst Partò Airborne particle Number(CPC/FMPS) :

Å Unused batteries : 6.105ï2.107 particles emitted / 

mg of anode

Å Cycled batteries : 4 107 ï8 107 particles emitted / 

mg of anode

Morphology and chemical composition of aerosolized particles

Morphology/SEM CharacterizationSample Type

Å Al, Si, Ca, Fe

Å 1 and 2 : Al, Si

Å 3 : Al, Si, S, K

Å 1 and 2 : Al, Si, P*, Cr 

Å 3 : Al, Si

* Li salts from battery electrolyte ?

(Li cannot be detected by EDX)
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Conclusions and perspectives:

Some patterns emerge after these simulation tests of a potential accident by calcination. Cycling of the batteries and, to a lesser degree,

Si@C formulation of the anode increase aerosolized nano- and submicronic particle emission. The incorporation of Li salts in the active

layer during cycling seems to contribute to the amount of released particles.

A number of factors may explain the observed trends in particle emission, including combustion quality (complete, incomplete) of the

different formulations, cohesion and adhesion of the active surface (altered by cycling). The impact of Si/Si@C NPs on the conditions of

combustion (combustion catalyst or flame retardant?) and on the emissivity still needs to be clarified. To answer this question, TGA tests

and SEM characterization of the anodes and the incineration ashes before and after cycling are ongoing.
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