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I ntroduction

Battery performances degrade over time, not onky tdu
their charge/discharge profile, commonly calledclaoyg
aging’, but also at rest, commonly called ‘calendging’
[1-4]. This second type of aging is much less sdidihan
the first one, probably due to the fact that theppee of a
battery is precisely to be charged / dischargednyMa
efforts have thus been made by battery manufastucer
improve aging in cycling. Moreover, we intuitivedxpect

a greater impact on aging of cycling compared &t re
time. However, time spent at rest can be promirent
many applications. This is the case of vehiclesl(uing
electric vehicles) which stay at rest approxima@96 of
their time (in parking mode). This is why the SIMCA
Project, conducted by 14 French partners, focusethe
study of calendar aging during 3 years.

This communication establishes a synthesis of
performances obtained, and describes the main aging
mechanism understood thanks to post-mortem analyses

Experimental

The SIMCAL study focused on a panel of 7 commercial
battery technologies, including 1 NiMH and 6 Li-ioells
references, among which 1 C/NCA, 1 C/NMC, 1 C/LMO-
NMC, and 3 C/LFP. Only results obtained on Li-iaile
are discussed in this communication, the case ef th
NiMH being too specific to be compared to Li-iorsués.
The table below gives the general characteristidhe 6
Li-ion cells tested.

Tab. 1: characteristics of the studied cells

cell # 1 2 3 4 5 6
Cellchemistry | o nea | cmmc CII\IL’\';"S “| cnFp | cuFP | ciFP
Nominal

comnciy (AR) 7.0 12.0 5.3 8.0 15.0 2.3
Post-mortem

analyses (Y/N) N Y N Y Y Y

9 storage conditions including 3 temperatures (30°C
45°C, and 60°C respectively) and 3 SOC (30%, 65%, a
100% respectively) have been applied to the cédigesl

at rest and disconnected up to 2 years and hadfrtésh
test durations for more severe storage conditiohging
was punctuated by periodical electrical tests peréa at
25°C, including a residual discharge followed by 2
complete cycles at 1C in charge and discharge gesas
the State-of-Health (SOH).

For each condition, 3 cells were tested to verifi t
reproducibility of the results, and allow the saenpf 2
cells during aging for autopsies, including SEM, DXR
and electrochemical measurements on half-cells [5].

Results and discussion

The Fig. 1 presents the calendar aging resultsraztaon
6 commercial Li-ion cells (Tab. 1) according to tBe
conditions previously mentioned (39 3 SOC).
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Fig. 1: Calendar aging measured on 6 Li-ion commercias @dtording
to 9 aging conditionfmeasured data)

Generally speaking, results obtained confirm tha t
calendar aging increases for all Li-ion technolegigth
the temperature, and in a lesser extent with th€.SO
However, as also indicated by the figure aboveheac
technology follows its own aging laws.

On the other hand, post-mortem analyses realized on
cells (Tab. 1) have shown that a same main meahmaisis
involved in the calendar aging of these cells, rgrtiee
loss of cyclable lithium. As shown by the Fig. et
maximum lithium stoichiometry of cathodes collected
from cells decreases with the capacity fade; resutire
obtained both from XRD and electrochemical titratio
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Fig. 2: Cells capacity fade vs. cathodes maximum Li sioimetry

These results are interpreted as the consequentise of
Solid Electrolyte Interphase (SEI) growth at thegatéve
electrode particle / electrolyte interface, thahsumes Li
ions and leads consequently to an increase of the
imbalance between the electrodes, and so to the
diminution of cyclable Li.

Conclusion

Results obtained in the SIMCAL Project confirm the
necessity to address the calendar aging when osteewi

to forecast the lifetime of batteries. This type agfing
may even become the dominant aging factor depending
on the temperature and the SOC usage profile. Mereo
this aging mode is not representative of one apftio

and its study is hence useful for virtually all Apgtions.
This type of aging is also particularly interestisigce it

can be partially contained by a thermal and/or a&CSO
range management strategies. Finally, post-mortem
analyses have helped to better understand the aging
mechanisms involved in calendar aging, mainly rugd

the loss of cyclable Li considering the autopsielisc

Acknowledgments

The authors would like to acknowledge the French
National Research Agency for its financial supgorthe
SIMCAL Project.

Bibliography

[1] M. Kassem et al.;Calendar aging of a graphite/LiFePQcell”,
Journal of Power Sources Vol. 208, pp. 296-3052p01

[2] M. Broussely et al.Aging mechanism in Li ion cells and calendar
life predictions”, JPS Vol. 97-98, pp. 13-21 (2001)

[3] J. Belt et al.,;‘Calendar and PHEV cycle life aging of high-energy,
lithium-ion cells containing blended spinel anddesd-oxide cathodes”
JPS Vol. 196, no. 23, pp. 10213-10221 (2011)

[4] I. Bloom et al.,“An accelerated calendar and cycle life study of Li
ion cells”, JPS Vol. 101, no. 2, pp. 238-247 (2001)

[5] M. Kassem et al.,“Post-mortem analysis of calendar-aged
graphite/LiFePQ cells”, JPS Vol. 235, pp. 159-171 (2013)



