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* Stationary energy storage systems (ESS) are increasingly deployed to maintain a
robust and resilient grid.

" As system size increases, financial and safety issues become important topics.

" Holistic approach: electrochemistry, materials, and whole-cell abuse will fill
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before they have developed to the point of no return.

* Understanding the degradation mechanisms of the battery components during
abusive conditions is essential to influence the development of new components
designs that are more resilient to abusive conditions.

Overcharge conditions (20-70%) with in-operando EIS (10 s)

Characterization during test
NMCO NMC1 NMC2 NMC3 NMC4

Control 120% SOC 140% SOC 160% SOC 170% SOC

| !
; !
Enha“ced /—\ /—\ /_\ | Electrochemical Impedance Spectroscopy Differential Capacity Calculations :
Understanding PRy o (O | ) (EIS) at 0% SOC and 100% SOC " (dQ/dV) :
/ NS 5 y ; : i

, ’\ & I a L B

OC of 10A | A : ; 1 | Post-test characterization
NMC cell : , | : :
£ " |
— | I [ , ‘
Baseline I Materials Electrochemical || Increased o -y = i &canning Elace X-rav Diffracti Disassembly of the pouch '
electrochemical 1 | characterization and whole-cell || battery reliability Iy D ; c.anmng e o k) Elnrachcn #+— cells to harvest electrode .
performance l and thermal abuse response || and failure Dlsassembly of : MlCrﬂSCUPE (SEM) (XRD} ettt !
analysis \ stability testing analysis » mitigation ) 10 Ah NMC cell " :
: I
B 5 . e i 5 e i ) 5 9 e s .

sdotyFocuscd® IR TTTIR
------- Overcharge Effects on Cell ------3----------------=-=--m-moomom--- NMC4: [00-170% SOC In-operando EIS -------------m-mommmmomommoooeo

|
|
|
|
Temperature and Voltage | uring OC - Active Load )
' 0.045 {Ronmic s Rser 3 1Csx "
140 6 I ' - . | 1 251
| SOC @ EIS scan 24 21 _ /
: ——100% ' / ' -
G 120 s : 0.036 - 120% 20 1.8 | ./
< | — - 140% | 1 ' " 151
g 100~ , g : E 0.027 - e 160% _ 16—_ / 1.5-_ / o) /
g 80 S0 i = ‘ —— = % 12__.\'/ . ./ %: os] L
& - : g BB é 8- . | . | . | - 0.9 F/ - . - . - % o.o-. - . . | . | .
E = I —_ J ] 100 120 140 160 180 100 120 140 160 180 = 100 120 140 160 180
& - L G o0 Rse g ) :
= B E i o ROhmic i | /RCT é e [ § e .
- 40 A | 1 124 28 1 20
© ' : 00001 \gre @/*—;@\ MC4 | | ] | g \'
20 B ! 0.000 0.009 0018 0027 0036  0.045 ’ 2 / 151 \
r I ] " '
0 . : . : . : , . 0 : ZzeaL (Ohms) ° \\ i8] 10
100 120 140 160 180 : 5 - " .
State of Charge (%) - R-Ohmle RSA Rer i " I .
: C-SH ‘ Cc-DL 01'00 120 140 160 180 0160 1200 140 160 180 01(')0 120 140 160  1%0
= Four individual NMC cells were overcharged to 120%, i | | State of Charge (%) State of Charge (%)
140%, 160%, and 170% SOC. !
" The overcharge % was determined based on the nominal ; =The R slightly increased after each level of overcharge as well as the C¢g,, which could indicate a growth in the SEl layer.
. I T . . ’
capacity of the cell (10Ah) . I ®The Ry significantly increased after 140% SOC and subsequently decreased for high SOCss.
|
_________ ° ° o e e ° ° o Ve N Sl W oV
Differential Capacity ; X-ray Diffraction: Cathode :
40 | I
Aftor OC | | e
g 30 : _ﬁigl] _ : 7 /
g : MG g ——— NMC 3 - 160% SOC :
=~ g 1 —_ —— NMC3 _ 1
e I 2 s £ !
2 : E | c : :
2 I £ 3| S I
S 2 L SN
= ] = £ ———— — — — I
= : = z Lig 4gNig 33Mn, 1,C0, 1,0, (01-075-3920) i
S I 1Y [ \— i 8 |
= : LiNi, ,;Mn, ,,Co, 1,0, (01-075-9200) —— :
n : LiNi, ..Mn, ..Co, ..O, (00-056-0147) :
| L i | —— Graphite (00-056.0159) _ A”\. L m |
; ! 20 30 40 50 60 70 80 90 2 30 0 ZéﬂDegrei] 70 %0 70 :
voltaee @) | ) Degree » : Electrodes h d at 0%
225 — : L . . i ectrodes harvested at U
S et i =Significant changes observed above 140% SOC (NMC2). Rietveld Refinement of NMC3 based 1 SOC (fully lithiated cathode)
Q 150 —— NMC3 I sNMC3 (160% SOC) diffraction peaks shifted to higher on lithiated NMC (green pattern) vs. | - ,p A
— —desres e s HaHea R e — S e RS se—e TSR TetttratedNMC—torano ~— e I AR W g ¥ i
S _ J I Lattice parameters a and b (a=b) confirmed this !
=1 - - A A
S o — ,, i conclusion since a decrease from 2.866 A to 2.817 A was i
= I identified. Phase % (+/- 5%) :
3 7 i =Rietveld refinement for NMC3 (160% SOC) presented Lithiated NMC 86 i
% m— E a combination of phases with 86% lithiated NMC and Delithiated NMC | 14 E 4
During OC | 4% delithiated NMC, suggesting a decomposition of the i Harvested from NMC3 —
ot I cathode and loss of lithium inventory. : 160%SOC
100 110 120 130 140 150 160 I I
State of Charge (%) ettt Summa ry -------------- s

* The dQ/dV for NMCI (120% SOC) exhibits no change
in the redox processes of the cell. »Several overcharge procedures were applied to 10 Ah NMC single cells.
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* NMC2 and NMC3 presented a decreased dQ/dV,!sThe electrochemical and structural characterization indicated a clear marker of degradation for the cells at 140% SOC.
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characteristic of loss of active material ' #"The XRD diffractogram for 160% SOC indicated significant decomposition of the cathode and loss of lithium inventory,
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* The dQ/dV calculated during the OC procedure : : : :
dentified a redox reaction between 130-135% SOC. which could also be attributed to Li plating on the anode.

@ iiiiiesy, oo s i ooy et N | | Sandia

’ 2 vholly owned subsidary of Honepwell nermatoml v, or e US. — Fynded through the U.S. Department of Energy; Office of Electricity and the U.S. Department of Transporation.A special thanks to National
AJVY contract DE-NA0003525. . . . . . . . . i
IVA S G0 No. sanD2018. 10846 the following people for thoughtful discussions, advice, and experiment design: S. Ferreira,Yuliya Preger, R. Shurtz and J. Hewson. Laboratories




