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Test Conditions

> 18 Yardney7 Ahr Prismatic Cells

. Storage Temperatures of 55°C, 40°C, 23°C, 10°C, OOC, and -20°C.
* Constant Applied Storage Potential of 3.650 V (50% State-Of-Charge).
* Capacity Checks after incremental 3 Month Storage at 23°C and 0°C.

* EIS measurements at 23°C after each 3 Month Storage period.

> 18 SAFT 9 Ahr Cylindrical Cells (DD size)

» Storage Temperatures of S5°C, 40°C, 23°C, 10°C, OOC, and -20°C,

* Constant Applied Storage Potential of 3.650 V (50% State-Of-Charge).
* Capacity Checks after incremental 3 Month Storage at 23°C and 0°C.

* EIS measurements at 23°C after each 3 Month Storage period.
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Storage Characteristics of Li-Ions for Future NASA/JPL Missions

Capacity Check & Capacity Retention vs. Storage Temperatur

Yardney Li-Ion Cells - Discharge at 23°C

&-20C Storage Cell Y074

- . & 0C Storage Cell YOB9

Temperature = 23°C B10C Storage Cell YO88
B 23C Storage Cell YOB2
B 40C Storage Cell YO54
B 55C Storage Cell YOB0
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Storage Time (Months)

Capacity Retention

@ Storage Temperatures of 55°C
exhibited capacity retention less
than 80%.

Capacities

® Storage Temperatures of 10°C and
0°C exhibited highest capacities.

® Storage Temperatures of 55°C
exhibited lowest capacities.
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Yardney Li-lon Cells - Discharge at 0°C

Yardney 7 AHr Outer Planets Storage Summary

| @-20C Storage Call Y074 _ ]
E0C Storage Celi YO39
E810C Storage Cell YOB88
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Capacity Retention

® Storage Temperatures of 55°C
exhibited capacity retention less
than 85%.

L.

Capacities

@ Storage Temperatures less than
10°C exhibited highest capacities.

® Storage Temperatures of 55°C
exhibited lowest capacities.

‘Capacity Check & Capacity Retention vs. Storage Temperature
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Capacity Check & Capacity Retention vs. Storage Temperature
SAFT Li-Ion Cells - Discharge at 23°C

18
SAFT 9 AHr Outer Planets Storage Summary .
Capacities
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Capacity Retention

—#--20C Storage Cell SO118
"| =e~0C Storage Cell 50128
——10C Storage Cell 50124
=t 23C Storage Cell SO117
7T T =#-40C Storage Cell SO134 —
—#—55C Storage Cell 50113

. % Initial Capacity

® Storage Temperatures of 0°C

80
exhibited highest capacity retention. ey

® Storage Temperatures of 55°C
exhibited capacity retention less than ' ‘ | ' ‘ ‘ ‘
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‘Capamty Check & Capacxty Retention vs. Storage Temperature
SAFT Li-Ion Cells - Discharge at 0°C
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® Storage Temperatures of §oC
exhibited highest capacity retention.

® Storage Temperatures of 55°C
exhibited capacity retention greater s B

than 90%. 0 3 6 9 12 15 18 21 24
Storage Time (Months)
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~Capacity Retention of Yard and SAFT Cells on Storage

% Initial Capacity

Storage Temperature = 40°C
(Discharge Temperature = 23°C)
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Capacity Retention of Yardney and SAFT Cells on Storage

Storage Temperature = 55°C
(Discharge Temperature = 23°C)
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- Capacity Retentnon of Yardney and SAFT Cells on Storage
Storage Temperature = 55°C

(Discharge Temperature = 0°C)
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Yardney 7 Ahr Li-lon Cells
Capacity Check at Room Temperature and 0°C
Storage Temperature = 0°C

45 - - e
’ Yardney (7 Ahr) Lithium lon Cell
Cell YOB9 RT C N -
apacity Check
Rpe.
4.0 ”‘ﬁa'ﬂm 5 T : 1.4 Amp Charge current (Cf5} to 4.1 V P .
dgg | Taper Cut-Off at 0.140 A (C/50) ! - ity
Uiy, |10 o S gy w0y | 7.1616 Ahr - Initial Capacity
s TP
& LETTY
e SRhgg I — g 0
3.5 —- “angagg —| 06.8131 Ahr—21 Month Storage (95 %)
s Eeil Stored on the Buss at 50% SOC ﬁiéﬁ%%
o Storage Temperature = 0°C i‘%_ : _— 0
g - Uit Capacity Fade Rate = (.24 % per Month
g ¥4 - ) —
_6 BT Capacity Check
> Initial Gapacity = 7.1616 Ahr e
@ gapacily a‘:m": HT““::S =;’12:::::’((::;g 7“)} ¢ Discharge Capacity Prior To Storage
Q apacity after 6 Months =7, r .0 % q :
25 17| Capacity after 3 Months = 7,168 Ahr (100.1 %) 4 Discharge Capacity Afler 3 Month Storage 4.5 Yardney (7 Ahr) Lithium lon Cell
Gapacily after 12 Months = 6.9353 Ahr (96,84 %) 4 Discharge Gapacity After 6 Manth Storage
Capacity after 15 Months = 6.7118 Ahr (93.72 %) A Discharge Capacity After  Manth Storage Cell YOB89
gapadty ":“’" ;g m”::s =g:sg: ::r (::s; ﬂ//“) + Discharge Capacity After 12 Month Storage :
i 1 ol = 6. 13 % R . —
2.0 |— e nihs il } ® Discharge Capacity After 15 Month Storage 4_0 By ————— 1.4 Amp Charge current {C/5) to 4,1 =
@ Discharge Capacity After 18 Month Storage Taper Cut-Off at 0,140 A (G/50)
_A_i)iSChangEapaci!y After 21 Mcr!lh Storage 1.4 Amp Discharge Current {Ci5)to 30 v
o | N I —_— ]
15 . : : . , 3.5 ST
0 1 2 4 7 Y ; te
3 .5 6 &2 Cell Stored on the Buss at 50% SOG ey TR
Discharge Capacity (AHr) o 9 ’A@iﬁ& *e
o Storage Temperature = (°C Feh .
£ 3.0 ge Temp . I ¢ W
o e [
> {- + Discharge Capacity Prior To Storage at 23C
% 9%¢ Capagity Check € Bischarge Capacity Prior To Storage at 0C
. Initlal Capacity at 0% = 56,3590 Ahr (59.63 % of Intial RT Value) A Discharge Capacity at 0C After 3 Month Storage
0 QO 25 Capacity afier 3 Months = 8.4014 Abr (86.04% of Intfal RT Vafue) X _
0 C Ca])aCltV Clle(:]{ c::acily:?::rrs M::th‘:ﬂ 61538 Ahr (85.97% :: |:u:| RT V:Iue) 4 Discharge Capacity at 0C After 6 Month Storage
Capacly after 8 Months = 6.2151 Ahr {86,78% of ntial RT Vatue) 4 Discharge Capacity at 0C After 8 Month Storage
=0 . . o .. | iy ats 15 om0y o ot T vl * Discharge Capactty at 0G After 12 Month Storage
6_33)0 Ah]‘ = Il][tlal Capa(:]ty (90 /0 I[]ltlal RT) 2 [ Gapacity after 18 Months = 6.0951 Alir (Bb.iT:/o of Intia) RT Valye) 4 Discharge Capacity at 0C After 15 Month Storage
_0 - I Capacity after 21 Monilhis = 5.9752 Ahr (83.43% of Intial RT Value) 4 Discharge Capacity af 0C After 18 Month Storage |
M 3 0 0/ Teuies || _# Discharge Capaity at 0G Atter 21 Month Storage_
5.9752 Ahr — 21 Month Storage (94 %) (86% Initial RT )
. _ o 1.5 j : : : J
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SAFT 9 Ahr Li-lon Cells
Capacity Check at Room Temperature and 0°C
Storage Temperature = ¢°C

( SAFT DD (9 Ahr) Lithium lon Ge

Tons for Future NASA/JPL, Missions
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Cell so128 |
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RT Capacity Check
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g 80 — YA
S
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8 25 | Initfal Capacity = 8.6762 Ahy | Discharge Gapacity After 3 Month Storage

Capacity after 3 Months = 9.8521 Ahr (102.9 %)
Gapacity after 6 Months = 9.7375 Ahr (101.7 %}

Discharge Capacity After 6 Month Storage

Discharge Capacity After 12 Month Storage ]
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A
A
Capacity after 9 Months = 8.745 Al (102.1 %) + Discharge Capacity After $ Month Storage SAFT DD (9 Ahr) Lithium lon Celil
Capacity after 12 Months = 9.6845 Ahr (101.1 %) 4 Cell 50128
2,0 -H Capacity after 15 Months = 35874 Ahr (1001 %) [ f Discharge Capacity After 15 Month Storage B
Capacity alter 18 Months = 9.2794 Ahr {96.90 %} . . ft .
Capacity after 21 Months = 8.4640 Ahr (35,80 %) 4 Discharge Capacity After 18 Month Storage a0 Megy,
] ‘._pﬁt‘arig? gap)_aC{tgi‘AfEeﬂ Mﬂlitprigf - M@%igg T ST 1.8 Amp Charge current (C/5) to 4,1 V 5“_
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1-5 L T T g T 5 T g T 1 '%% o 1.8 Amp Discharge Current (C/5) to 3.0 v
o 58, % ﬁf'
e -
o 1t 2 3 4 5 6 7 g 9 10 11 %3&@%%%
Discharge Capacity (AHr) S 38 e e T =
o Cell Stored on the Buss at 50% SOC
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25 | Capacily afer 3 Months = 8,5121 Ahe (38,89 % of Infial RT Value) 4 Discharge Capacity at 0G After 6 M“""': Storage
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Yardney Ahr Lj-lon Cells
Check at Room Temperature and 0°C
pPerature = 55°¢
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Celi Voltage V)

Capacity after 3 Montng = 5.7181 Ahr (94,67 %) 4 Discharge Capacity Aftar 9 Month Storage
Capacity after g Months = g,4081 Ahr (87.44 %} % Disch Capacit h Stor.
Capacity arter 8 Months = 5.2708 Anr (35,5 %) Senarde Capacity After 12 Month Storage

Capacity after 12 Mont} * Discharge Capacity After 15 Month

13 = 6,0336 Ahr Storage

(94.61 %)
2.0 |- Capacity after 15 Months = 5.8774 ahr (80,19 %a) 4 Discharge Capacity After 18 Month Storage
Capacily after 18 Months = 6.0774 apr (82.92 %) i Dischar

e Capacity After 21 Month Storage
Capasity after 21 Manths = 5.8110 Any (79,29 %) | L ICNArge Capacity After —-— Yorage

4 5
Discharge Capacity {AHr)

0°C Capacity Check

RT Capacity Check
7.3289 Ahr - Initi
5.8110 Ahr-21 Monuth Storage (79 %)
% per Month

al Capacity

Capacity Fade Rate = 1

Yardﬁﬁ?ﬁﬁi_ithium lon Cell ~
Cell YO65

T 14Amp Charge current (C/5) to 4.0 y |
Taper Cut-Off at 0.140 A (cisq)
1.4 Amp Discharge Current (G to3ov

0.3679 Alr - Initia] C
5.3222 Ahr —2] Month Storage (84 %) (73%

(Capacity Fade Rate = 0.76 % per Month)

|

apacity (87% Initial RT)
Initial RT)
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£ 3.0 i Ll et ettt SR
) T T R Inltial Characterization atRoom Temperature
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—_ 4 Discharge Gapacity Priar Tg Storage at po
] ¥C_Gapacily Check_ . .
Ua2s nital Capachy at0°C = 53678 At 36,90 4 of Intial RT Value) .| 4 Discharge Capacity at oG After 3 Month Storage
' Capacity after 3 Months = 5,9692 Aty (90,08 % of ntial RT Vatuny A .
Capacity aiter § Months = 6.6033 Apy {76.45 % of Intial RT Value) 4 Discharge Capacity at 0C After § Month Storage
Capacity aftey 8 Mopths = 8.580% Anr (76.14 % of Inthal RT Vaius)

& 4 Discharge GCapacity at 0C After 9 Manth Sterage
Capacity after 12 Months = 5.

Capacity after 15 Manths = 5.
Cajpacity after 48 Montha = 5.
Sapacity atter 21 Months = 5.

-6600 Ahr (77,21 % of Intial RT Value}
AT10 Ar (73.83 % of |nifal RT Value)
4695 Ahr (74,53 % of intial RT Vaue)
3222 Ahr (72,62 % of Intial kT Value)

& Discharge Capacity at 0 After 12 Month Storage

20 -

4 Discharge Capacity at 0C After 15 Month Sterage
4 Discharge Capacity at 0C Arter 13 Menih Storage

+ Discharge Capacity at 0C After 24 Month Storage

4
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Storage Characteristics of Li-lons for Future NASA/JPL Missions

SAFT 9 Ahr Li-lon Cells
Capacity Check at Room Temperature and 0°C
Storage Temperature = 55°C

4.5
SAFT DD (9 Ahr) Lithium lon Cell | .
] Cell 50113 B RT Capacity Check
. D———
4.0 Mwwgyr 1.6 Amp Charge current {C/5) to 41 V -
ot TPy : . - ey .
e S, Taper GulOff at 0160 A (C150) 9.7987 Ahr - Initial Capacity
M’ﬂ@a A 1.6 Amp Drscharge Current {C/5) to 3.0 V
) "’%&QQ
L2080
B e g —— | 8.9160 Ahr —21 Month Storage (90 %)
N FII Stored on the Buss at 50% SOC| § %éf’:é’"'
&S “ka Ve,
Storage Temperature = 55° ad, Ve g —
2 .o ge Temperat ¢ _| ity Capacity Fade Rate = 0.47 % per Month
& 00— e CEASA N
0 e ——
> . + Discharge Capacity Prior To Storage
= RT Capacity Check "
8 25 Initial Capacity = 8.7857 Ahr 4 Discharge Capacity After 3 Month Storage
' Capacity after 3 Months = 9.3527 Ahr (95.45 %} || 4 Discharge Capacity After 6 Month Storage
Capacity after 8 Manths = 9.3172 Ahr (95.09 %) i 5
Capacity after 8 Months = 9,1465 Ak (93,34 %) & Dfscharge Capacity After 3 Month Storage 45
Capacf‘y after 12 Months = 8,7247 Ahr (89.04 %) || 4 Discharge Capacity After 12 Month Storage| SAFT DD (9 Ahr) Lithium lon Cell
2.0 H Capacfty after 15 Months = 8,.8165 Ahr (89.98 %) | 4 Discharge Capacity After 15 Month Storage Cell 30413
Capacity after 18 Months = 8.6853 Ahr {88.64 %) ) )
| Gapacity after 21 Months = 8.9160 Ahr (90,99 %) || 4 Discharge Capacity After 18 Month Storage o Tﬁ" —
A Discharge Capac!ty Afler 21 Month Storage . Tengnm T T T e —— e g
...... E}Ayﬁ!’ u; o 1.8 Amp Charge current (ClS)ta 4.4 V
. 7 ; ; T : T 7 Rl LA ¥
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£
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g 3.0 fomd _ Storage Temperature=55°C |} WWa G ,,41.)_.. —_
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0 2 T 907G Capasity Cheslc & Discharge Capacity Prior To Storage at 0C
1 "c=3. 89 % of Intlal ] N -
0°C Capacity Cheek 3 55| muomm o by (| ey riorsnmace
Capaclty after 6 Months = B.1568 Ahr (82.74 % of Infial RT Value) + Discharge Capacity at 0C After 6 Month Storage
. Capacity after 3 Wonths = 81115 Abr {82.78 % of Intlat RT Value) " .
- 111 G ¥ [¢] Oms Gapaaity after 12 ionths = 8.2778 A {84.43 % of Intial RT Valug) 4 Discharge Capacily a1 0C After 9 Month Storage
8'6744 Ahl Inltla] Cap‘lClty (88 /0 Inltlal RT) c:::2r|;:m: 15 Mnn|hs=7.901?Ah: (BU.Gd%oll:ﬂal RT Var:e) & Discharge Capacity at 0C After 12 Month Storage
| , o ZUh s e A Disharg Gapacity ¢ At 15 Honth Storage
8.3109 Ahr — 21 Month Storage (96 %) (85 % Initial RT) & Bl ATl 8 s D D e
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Storage Characteristics of Li-Tons for Future NASA/JPL Missions

Mid-Point Discharge Voltage on Storage
Yardney 7 Ahr Li-lon Cells

Discharge at 23°C Discharge at 0°C

Yardney 7 AHr Outer Pianets Storage Summary!™
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Mid-Point Voltage (V)
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Mid-Point Discharge Voltage on Storage

SAFT 9 Ahr Li-lon Cells

Discharge at 23°C
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Yardney 7 Ahr Li-lon Cells
Nyquist Plots At Various Temperatures
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SAFT 9 Ahr Li-lon Cells
Nyquist Plots At Various Temperatures
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Yardney 7 Ahr Li-lon Cells
Series Resistance At Various Temperatures
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SAFT 9 Ahr Li-lon Cells
Series Resistance At Various Temperatures
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Storace Characteristics of Li-Tons for Future NASA/JPL Missions
Summary

>’ Excellent capacity retention during on-buss storage has so
far been exhibited by both Yardney and SAFT prototype cells.
> Capacity loss less than 5 % after 2 years of storage at low temperatures
(T = ~0°C). -
> Capacity loss expectedly increases with storage temperature and is more

noticeable during discharges at low temperatures.

> Consistent with the capacity changes, the EIS characteristics
(Series Resistance) are relatively unchanged during low
temperature storage, but increase at high storage temperature.

»SAFT cells with case-negative design show higher series resistance.

> Lithium ion cell chemistry appears promising thus far for
NASA’s future mission to outer planets.

Test On-Going . ..
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