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Energy storage battery aging analysis
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Short term goal: determine the influence of operating condition on
aging trend and battery lifetime and develop predictive aging models of
the accumulator to forecast the lifetime in each operating condition 2>

optimal design and management of the ESS and monitoring of the State
of Health -SOH

Long term goal: extend of the useful lifetime of the cell through the
analysis of the aging mechanism and of the effects of the aging on the
degradation of the materials of the accumulator




Aging test protocol structure

a.  General prescriptions about the design of the test station e
b.  Safety aspects and risk evaluation

c.  Testing procedure

' Non-destructive analyses
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Non-destructive analyses: metodology
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Muscular approach:

multiple aging tests with different operating condition and stress factors
(temperature, DOD, current, etc.) carried on in parallel on elementary cells
(or modules) of the same type according to a test matrix

Based of the alternation of two phases:
v check-up tests
v aging sequences
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Non-destructive analyses: check-up and aging indicators

SE

The check-up tests are executed with the aim to evaluate the up-to-date performancMm
DUT, through the measurement or estimation of some performance parameters in order to

calculate aging indicators

Mainly used: capacity and/or internal resistance

C(0) — C(k
SoH¢ = (1 — g.z)-C((E))) 100
SoHg = (1 — R(k) — RO 100 .

R(0)

End-Of-Life (EoL) condition are reached at the zeroing of the first of these two SoH indicators
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Non-destructive analyses: aging sequence
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Example of test matrix: each line describes a basic aging cycle

. Number of Stress factors
t:)nfe::tctgre Average DOD loear/loc current
perat SOC[%] [%] rate [%] reverlars
range [*C] per hour
1 20230 ") e 0 0
2 40+50 50 0 0 0 Calendar
- aging tests
3 20+30 80 0 0 0
4 20+30 50 40 (70+30) 100% <5
E=N = <5
5 40+50 50 40 (70+30) 100% Single stress
6 20+30 70 40 (70+30) 100% <5 factor aging
7 20230 50 80 (90+10) 100% <5 LSt
8 20+30 50 40 (70+30) Max limit <5
9 20+30 50 = 100% >20
' (47,5+52,5) ?
10 Combination of test 7 and test 4 Multiple
stress factors
11 Combination of test 7 and test 9 aging tests
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Test on group 1: non-destructive analyses

LWL
Electrical characterization tests performed to identify, measure and monitor the
trends (vs cycles or Ah throughput) of some performance parameters whose value is

correlated with the aging of the accumulator (SOH)

Target: determine the SOH trend of the technology under test in a wide range of

working conditions and develop a predictive aging model
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Test on group 2: post-mortem analyses

(Vi
v" Chemical-physical analyses of the relevant cell components Eromce

v’ Purpose: verify if some components of the cell show a greater degradation than
others and provide indications to the manufacturers on what materials mainly
need improvements.

v' Many possible methods can be used (SEM, XRD, TEM, etc)

SEM picture of a lithium-ion cell,
1000x magnification




Post-mortem analyses: opening of new cells RS

Cell opening and sample preparation procedure: o
Discharge to minimum operating voltage e
Opening of the external case and extraction of the free electrolyte

Cleaning of cell materials with alcohol-based solvents to eliminate the electrolyte

Drying of the cell for a few days

Extraction of at least one foil of each electrode

Ok wnNRE

Extraction of disk samples from the foils




Post-mortem analyses: building of half-cells

Samples extracted from cells of group 2 are used to build Swagelok half-
cells to be subjected to electrochemical characterization and aging cycles.

Swagelok half-cell section:

a) Working electrode (disk of
cathodic/anodic sample

b) separator

c) disk of metallic lithium

The separator is a disk of Whatman
glass microfiber filter, impregnated with
electrolyte




Post-mortem analyses: characterization and aging tests on half-cells

Half-cells are subjected to aging tests according to a test matrix equivalent to that on
of the group 1 cells

At EOL half-cells are re-opened and the materials are analized to highlight the
degradation of material due to aging

Advantages

v" Opening phase is executed on new cells instead of aged ones: risks of destroying
the aged cells are minimum

v" Sample preparation is much faster as it is necessary to open only few cells

Critical issues

v" No certainty that half-cells age similarly to cells as there can be unforeseen
effects

v" Need to perform much more aging tests (but half-cell aging tests are less
complex)
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Application of the methodology: completed tasks
RSE
The methodology is applied on NMC 20 Ah lithium-ion cells froero

v Preliminary tests have been performed on 33 elementary cells = selected 11 cells
for group 1 and 3 cells for group 2

Selection criterion: homogeneity of performances

Cells tested



Application of the methodology: ongoing activities
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v' Aging tests on 11 cells of group 1: calendar aging on 3 cells and cycling on
8 cells. Performed about 400 charge/discharge cycles (8000 Ah)

v" Opening of three commercial cells of group 2 and extraction of the
materials for the realization of the Swagelok half-cells
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Cells of group 1 under aging tests l
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Thank you for your attention!

Enrica.micolano@rse-web.it
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This work has been financed by the Research Fund for the Italian Electrical System in
compliance with the Decree of Minister of Economical Development April 16, 2018.




