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CHARACTERISTICS OF STORAGE RELATED CAPACITY LOSS
IN NI/Hp CELLS

H. Vaidvanathan
COMSAT Laboratories
Clarksburg, MD 20871

The changes in the capacity, voltage and pressure profile of flight
configuration Ni/Hp cells when they are stored for extended periods is

examined in this manuscript. The Ni/H2 cells exhibit capacity fade phenomenon
regardless of their design when they are stored at room temperature. Capacity
loss also occurs if old cells (5 years old) are stored in a very low rate trickle
charge (C/200 rate) condition. Periodic recharge technique leads to pressure rise
in the cells. Conventional trickle charge (C/100 rate) helps in minimizing or
eliminating the second plateau which is one of the characteristics of the capacity
fade phenomenon.

1992 NASA Aerospace Battery Workshop -247-  Nickel-Hydrogen Storage [/ Capacity Fade Session



12802 "AN ‘DHNESHHVYTO
S31HO1LvHO4V1 LVSINOD

NVHLVNVAQIVA IHVH

ST1130 ¢H/IN NI
SSO1 ALIDVdVD A3LVI3H 3OVHOLS 40 SOILSIHALOVHVHD

VINVEVY1V ‘TTTUASLNNH
dOHSHHOM AH3I11vE 30VdSOHIV VSVN 2661

$aliojeio0qe] 1YSWOO

IVSINOD £

LR

Nickel-Hydrogen Storage / Capacity Fade Session

-248-

1992 NASA Aerospace Battery Workshop



abieyosid IN

syjuow ¢ 10} apej oN ov'y €2t ot 95| /snoanby yv €8
Anoeded S19A0081 abieyosid 2H
6uompuodas aidung s8¢ L0} 81t 99| /snoanby uv €8
abieyoaid 2H
Alanisuaixa sape4 vL2 201 44 L5'1 /snoanby uv G9
ejep
1QI0 Ul Jud||3xa pamoys ‘Ajoeded
uiejuiew o} pabieyd apou ) abieyoaid 2H
Asiieq b1 €0€E 02l vel 09’1 /snoanby uv 0t
abreyoaud 1N
syjuow ¢ ut dpe| ON 99 v PAN ! 8] } Syl 1oYyoaly uv vt
Awoeded pa1anodas A1aneq 1qio uj
abieyo apoul YIm BIQBIBA0IIY abreyoasd IN
Kjanisuaixa sape4 oSy 1% ! SEl 85| Aoyooly yv vv
AHIAOD34H ANV 3av4d Yv/HOND (%) (%) 20/6 NOIS3a ALIDVdVO
ALIDVdVYOD INTINOD HOM 113D NI NOLLVYZITILN HOX Q3004 NI ONIQVO 130

40 IN3IDI44300  JAILISOd 40 NOILVZIILN TVIHILVN IALLOV
40 IN3I1D133300

SNDISIA 113D SNOIHVA NI AHIAOD3H ANV 3aVd ALIDVdVYD

sajiolesoqe’] JYSWOO

1IVSINDD

Nickel-Hydrogen Storage |/ Capacity Fade Session

-249-

1992 NASA Aerospace Battery Workshop



‘salalieq p|o Jeak G 10j paulpoep Ajoede)
‘'sasl ainssald "Ajoedeo suiejuiepy

‘asl1 ainssaid e S| 818y} JOABMOH
‘Anoeded A18a0281 pue sulejuiepy

‘Ajoeded
Ai8n0281 Os|e Jnq sulejurew Ajuo JoN

‘syjuow g Joj pauiejurew si Ayoede)
‘sieadde neaje|d puodag

's|j90 abieyosaid gH Aq paisyns sso| au)
JO pAIYl-auo pamoys (|92 pabieyodaid IN

syjuow g9

syjuow 9

syjuow 9

syjuow 6

syjuow ¢

syjuow g|

0.0 18 062/0
abi1eyo apjou) ajes moj Ao

shep | Auons abieyosy

shep ; Kians abieyosay

.01
1e 00 4/0 1 abreyd appou |

000 Hnauo uadQ

ainjeiadway wooy
1unouo uadp

HOIAVH3AY ALIOVdVO

J9OVHOLS 40 H19DNT1

SNOILIANOO 3FODVHOLS

SNOILIANOD 3OVHOLS SNOIHVA LV IONVNILNIVIN ALIDVHVO

s3aljojeloqe] IVSWOO

Nickel-Hydrogen Storage / Capacity Fade Session

-250-

1992 NASA Aerospace Battery Workshop



3OVHOLS NI SAVA

282 G91 v6 26 e 0
| deoet-0to T _ 0
| du2ii8 e ¢

NOLLL-G o v
[ dLEEL-LLe 9
— NEEOL-E€ o 8
— 'ON 1130 —ol
B —z
B — v
— —9l
— — 81
B — 02
— —ze
— —ve
— — 92
— — 82

l 1 | || oc

3HNLVHIdNIL WOOY LV JNIL 39VHOLS

HLIM STOVLTOA MO LV ALIDVd

(Uv) ALIODVdVYD IOVITOA MO

vo TVYNOILIAAV 40 NOILVIHVA

sali0jelo0qe] IYSWOD

1VSINGD

4,
]
1)

I/

1
al
acd
-’

."

%%

¢

Ya

L)

Nickel-Hydrogen Storage [ Capacity Fade Session

-251-

1992 NASA Aerospace Battery Workshop



IOHVHD dO1 H314V -
3I9DHVHO 401 380438~

(Uv) ALIDVAYD
0L G9 09 S5 0S S¥ Ov SE OE G2 02 SI OL S O

T T T T 17 T T T T T 7 Y

- 4 . deeei-el e —zo

dEOEL-0) o .

— ..dizii-gs VO

- .QNNPP.Q o —4 90
N9III-G o m
— ‘'ONT324{80 3
=

dOHVHO 440-dO1 40 SAaoid3d X33dM-9

o'l
A
vl

94

OML H314V J1VvYH IODHVYHOISIA VS'e¢ LV ST1130 40 317140Hd 43

sauojesoqe] |YSWNOO

1VSINOJ

\

L

A
38

..

!
D

P 1A
i

Nickel-Hydrogen Storage / Capacity Fade Session

-252-

1992 NASA Aerospace Battery Workshop



£°09 Z11 6°65 ZH N1801-1
£°99 Z1 L°99 @UON dZBET-€T
2°L9 oL L°09 (471 N9TII-G
0°99 oL 9°€9 ’H NVOTT-V
A>Aﬂdwuv (s4ep) A>Aﬂdwuv ebawyoeid | *‘oN 11©D
Kajoede) (euyrd poyaed ebeioas K3yoede) TeIaTUI

0,02 LV NOLLVIHVA ALIOVdVD

Nickel-Hydrogen Storage | Capacity Fade Session

-253-

1992 NASA Aerospace Battery Workshop



200

)

G o &
g S S
5| i3
= 20 -
7)) o O

- Q
T 20
- L o
; 77
= =)
O 2 S
= @
< £
T [
<
>
>
= I
o
<
a
<
o

g l l l l L] L) O
= < QY -
© © & » & 3
o]

= 2

3 s

L : Uv‘AlL o1 Ajoeden

S 3

o

LAY

1992 NASA Aerospace Battery Workshop -254-  Nickel-Hydrogen Storage / Capacity Fade Session



Ug ~ -AL11IDHdHO

b O GE Ot mw‘mwltmr A1 S 00
S SRR - 1 A
1020
EILI-G1 #440e
B111-81 +++++ Qb0 g
18@1-1 HH KKK 1
V30 7
0
980 A
va-1 s
L 21 4
d d * . 4 + Y ¥ & a N
- avr-1 3
- 10993 ° 1
Do@1 + F¥yNIHAIAWIL
i | 1 [} . | 1 1 i L 1 i §

S7130 @3HOLS J11H 40 ALIOVdVO

sajoleloqen JYSWOO

1VSIND .m....

Nickel-Hydrogen Storage |/ Capacity Fade Session

-255-

1992 NASA Aerospace Battery Workshop



(SILNNIW) 3WIL 393YHISIA (SHNOH) 3WIL IDLHD
@91 @¥1 @21 @@l @8 @9 @r B2 81 91 b1 21 @l g 9 v

T -1 1 I I _ R I | I -

(——= WHO 1 ¥y314Y

Qs

Qal
VG
pac
BGc2
BBE
WSE
G]%R
QS
Gl%Rs
BGG
vy
GRSRS
%%
WG«
1 838
4 Qes

a. v

AN

O Xy w

1130 d3HOLS J11H NOH4 3HNSS3Hd
OLLE-GL N/S HO4 V.Lvd IADHVHOISIA/ADHVHO

Satiojesoqe |YSNOD

IVSINOD 53

Nickel-Hydrogen Storage | Capacity Fade Session

-256-

1992 NASA Aerospace Battery Workshop



uoijoeal xopal ay) uj jueprodul aq o} pansljaq s!

01A|01109]0 aU} UMM [eLIBJEW SANDE BU} WOl J3leM JO abueyox3

suoje

IN 01 papuoq sdnoib jAxoipAy pue uojjezijjeisA1o Jo 1ajem

‘jojem |einisiajul - sdnoib 1AxoapAy jo sadA) ajqissod 93yl

9g°Z 01 L'} uaamiaq

s1 Z2(HO)IN ut OCH O} IN jo oljes Jejoul 10} gjep ainjesd

IVIHIALYIN FAILOV 40 NOILVHAAH

sayuojeioqe) LYSNOO

IVSINDD &5

C 4

Q] '.'I

y

"

Nickel-Hydrogen Storage [ Capacity Fade Session

-257-

1992 NASA Aerospace Battery Workshop



(Do) IHNLIVHIAWIL

08y ovy 00 09€ 0z¢ 082 ove 002 091 024 08 oy
T | I | I T I T T T T I | I I I T T T [ T | 8L
a- |- (bwoozi) .
vo %22 L8
| sanpisey 1 og
00 | OoveLe 4
R 4 v8
b0 |- -
_ |88
0 - b3
80 (6w 1g}) &
i % 68°01 126 T
ES
2 | _
-y -1 96
D522
9 | =
8 4 001
0z | .
B | vor
ve 1 1 | | | 1 1 i 1 1 i | 1 1 i | i Il i | 1 |

¥£0 N/S 71130 IA-I/OVH
WOHAH TVIHILVYIN JAILOVY HOH S101d JAILVAIHIA ANV TVHODIINI VOL

Saliojeloqey 1 vySWOD

Ivswog £3

-258- Nickel-Hydrogen Storage / Capacity Fade Session

1992 NASA Aerospace Battery Workshop



(Do) IHNLIVHIIWIL

o8y ovy 00y 09¢ 0ce 08¢ ove 00¢ 091 0ci 08 oy
[ T T T T T T T ] T T I | T | T T | T T T T 8.
vo - ]
- -| 08
00 [ ]
- /l\\\\ - v8
ltl!ll[:?*!l(l\‘/
vo - Qo¥'682 -1
B bw 00°G - 98
%P8'GlI
80 | 7] w
[(e]
| Jee =
[
AN T o _
- 196
9l - _
. 001
0z | (bwgsve) -
%0L LL
| senpisey | v0I
ve | t 1 | 1 i ] ] 1 | ] 1 ] 1 ] | 1 | 1 ] 1 ]

68090 N/S 1130 A-l/d3
1VIHILYIN IAILOV FAILISOd HO4 S101d JAILVAIYEA ANV TVHOD3ILNI VOl

satuojesoqge’] JYSWOO

1VSINDD £33

‘Q

Nickel-Hydrogen Storage | Capacity Fade Session

-259-

1992 NASA Aerospace Battery Workshop



(Do) IHNLIVHIAWNIL

o8y ovy 00p 09¢ 02¢€ 082 ove 002 091 (174 08 oy
T T 1 I ¥ I ] T I T I T T T T T T I I T | I 8L
. L (Bwzgot) _
vo %25 08
| senpisay Jdos
oo+~ T -
" | v8
ol 'LL2
vo | Qol'LL _
s T
80 _ w
(7=}
u dz2e =
2
2+ N
B 196
9l | _
N 1 oot
02 -
[ 4 voi
ve i 1 i 1 1 | 1 1 1 1 1 | L | i 1 1 1 i i I |

191 N/S 113D IA-I/DVH NOYA4

TVIH3LVIN JAILOV HOH S107d JAILVAIHAA ANV TVHODILNI VOL

salojelroqe] |YSWQOD

IVSINDD

~w.ﬂ0”n
.. X, /
O

Nickel-Hydrogen Storage | Capacity Fade Session

-260-

1992 NASA Aerospace Battery Workshop



-Bujuopypuod uodn Ayoeded ujebai .0 N/S

jou pig ‘Buipe; Auseded pauqiyx3 XA XA 68°01 IA LVST13LNI/OVH
-Bujuotjpuod uodn Ayoedeo pauiebal

Inq ‘Buipe} Anoeded paiqiyx3y LT ZTEL IA LVST3INIVOVH

‘SyUOW § 10} 1802 3ield WbnA

ZN 1apun paiols ajeid paphoun 6'€52 (WAt IA LVST3ILINIVOVH
-Buipey Anoeded nqiyxa

jou pig "@inpadsoad |B2UUAYI0NIBD 580-90 N/S 1130

snoanbe Aq paonpoid adjeid v'682 y8'Sl A LVS131NI/d3

SINIWNOD (o) 3univu3idwal (%) INILNOD HILVM "a’l 31v1d 3ALLISOd
Wv3ad HO D.0vE-0vL
WOHd4 SSOT HIALVM

vO.1 NOHH INJLINOO HILVM

sauole1oge] LVSWOD

VSINDD £

Nickel-Hydrogen Storage [ Capacity Fade Session

-261-

1992 NASA Aerospace Battery Workshop



€61 zie|bi4 ‘N pue ueyiqa] ‘s
LL61 189S0 "M pue jpajsuuaq ‘M

0S| 3l0}jaq panowsa. 1ajem pajejeasajur jo Amuenb ay)

mouy o} sjqissoduw s1 )1 3duls paulwislap aq jouues A pue x

OCHA - (OCH X - Z(HO)IN)

1VIH3LVIN JAILOV 40 NOILVHAAH

S8liojeioqQe] LVSWOD

1vSIN0D £33

*-262-  Nickel-Hydrogen Storage / Capacity Fade Session

1992 NASA Aerospace Battery Workshop



O¢H 82’} - ¢(HO) INC
OCH #€°0 - ¢(HO) IN
OcHe - ¢(HO) IN2

¢ (HO) N

A9494HVHOSIA

eleq ainiesay

OZHZ - SOEOIN

HOM t/€ - OCH 2/. - (HO) OINE
HOM +1°0 - (HO) OIN

OCHZ - YOEIN

OC¢H Lg'€ - EOCIN

OZ¢HZ - EOCIN

OZH - (HO) OIN

O¢H 20- (HO) ON

dd494dvHO

. IWVIHILVYIN JAILOV FHL HO4 A3S0d0Hd IVININGOL TVNLONYLS

Nickel-Hydrogen Storage / Capacity Fade Session

-263-

1992 NASA Aerospace Battery Workshop



uS9l4alleg usboapAH-1930IN pue wniwpe)- a2y JO
SOlweuApew.ay,, ul Yriomsbuijeys 9 yaew pue Pleuopdely "q ‘@ Aq paysiqnd eyeq

M‘ainjesadwa |

08¢ 09¢ ove 0c¢ 00¢ 08¢ 09¢c
a 1 ] 2 2 ] J 2 [ | 2 'l | ' g 1 A 1 —. P
€(HO)IN Buiajoaul uonoea. joo pape |
\"4 21
- £
HOO!IN Buiajoaul uoijoeas jewioN e
Gt

4N3 d31VINITVI 40 AODNIAN3IdIA FHNLVYHIdNTL

SHoA‘abeljoA wnuqiinbg

sayojesoqe] |VSWOD

1VSINOJ

T
L]
'...-y.'..

&
R

Nickel-Hydrogen Storage / Capacity Fade Session

-264-

1992 NASA Aerospace Battery Workshop



ajoha Ayoedes H,GzZ-0Z © SMo||0} Ajajelpawiwl
yoiym 91942 ayy uir 19moj si Ajoedeod 120 ainjesadwa) mo

sainjesadwa) ybiy je uawwoid
Aprenonsed si sieadde yoaiym neajeld puodas ayj

JUIUOD 13}EM PASEIIIP PIMOLS
s||99 pape} wodj sajeld jo sisAjeue audwiAeibouay L

uoljezijin jeidjew aAlloe JI9Moj
pajesipul s||32 papej wolj sajeld aausod jo sisAjeuy

A1an0231
Apoedes ui pie Buibieyoaiano Buiajoaul sanbiuyoa )

K1ono02ai1 Apoeded ul sdjay sawawos pue
Anoeded ay) sutejuiew ainjesadwa) mo| Adwanx3

pa19A0231 9q
ued Ajioeded ay) JO %G6 3dUIS 3|qISIanal sI ssado.d ay )

JON3IAIAT TVININIHIdXT
3av4 ALIDVdVO HOd4 WSINVHOIW

sauojesoqe] JYSWOO

IVSINGD

\ '
2%
.' XK./

l.ho\.

Nickel-Hydrogen Storage [ Capacity Fade Session

-265-

1992 NASA Aerospace Battery Workshop



"ainjonis HOOIN jewsou

9y} Ul ey} uey} ssaj si [eliajews aAlO. JO WIO) SIY) Ul 19)em
[ennsiajul sy -ainjesadwa) ul asealoul o) aAnsuas AIaA
osje inq 1amoj| Ajuo jou si yoiym jenusjod wniiqiinba

ue saonpoud saloads ay) jo uonoess oy ‘jelsd)ew aAljoe
anlsod ayy ut (OCH HOO!N Se pajuasaidal Aj9jeusa)je)
£(HO)IN jo @ouauiwopaud ay} o} anp si apej Auoeded ayy

WSINVHO3IN d350d0Hd

Seiioleloqe |YSWOD

1VSINOI ¢

LA
ho

N

T
]
' os-

Nickel-Hydrogen Storage [ Capacity Fade Session

-266-

1992 NASA Aerospace Battery Workshop



