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CAPACITY FADE
A DEFINITION

v TYPICALLY UP TO 20% LOSS IN PREVIOUSLY
DEMONSTRATED CAPACITY

v. NORMALLY SEEN AFTER A PERIOD OF CELL STRORAGE

v SEEN IN NiH, & NiCd CELLS WITH ELECTROCHEMICALLY
DEPOSITED POSITIVE PLATES
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SCOPE OF PRESENTATION

1 THEORETICAL CAUSES OF CAPACITY FADE

— ROLE OF CELL STORAGE
— ROLE OF POSITIVE ELECTRODE

— ROLE OF COBALT ADDITIVE

o> EXAMPLES OF OBSERVED CAPACITY FADE

_ INTELSAT V (30 AH NiH,)
— INTELSAT VI (48 AH NiH,)
_ EXPLORER PLATFORM (50 AH NiCd)

3 PREVENTION AND RECOVERY METHODS

— OPEN CIRCUIT STORAGE
— STORAGE UNDER TRICKEL CHARGE

— STORAGE FULLY CHARGED

4 CURRENT EAGLE PICHER/HUGHES RESEARCH STATUS
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CAPACITY FADE
THEORY OF PHENOMENON

ATTRIBUTED TO ACTIVE MATERIAL CHANGES IN
THE POSITIVE PLATE AT LOW STATES OF CHARGE

APPEARS TO BE SPECIFIC TO ELECTROCHEMICALLY
DEPOSITED PLATES IN BOTH NiH, AND NiCD CELLS

OCCURS AFTER A PERIOD OF STORAGE OPEN CIRCUIT
DISCHARGED SHORTED CONDITION

CAPACITY FADE HAS BEEN LINKED TO THE COBALT
ADDITIVE AND ITS SEVERITY MAY BE ASSOCIATED
WITH COBALT CONCENTRATION

CHARGED ACTIVE MATERIAL IS UNABLE TO BE
COMPLETELY DISCHARGED AT HIGHER RATES

OVERALL CELL PERFORMANCE IS NOT AFFECTED AND
CAPACITY IS RECOVERED THROUGH CYCLING AND USE
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CAPACITY FADE
ROLE OF THE POSITIVE ELECTRODE

1. ELECTROCHEMICALLY DEPOSITED POSITIVE ELECTRODES
HAVE DISPLAYED CAPACITY FADE IN BOTH
NICKEL CADMIUM AND NICKEL HYDROGEN CELLS

2. MANY RESEARCHERS BELIEVE THAT THE PHENOMENON IS
LOCALIZED TO THE POSITIVE

3. CAPACITY FADE HAS NOT BEEN OBSERVED IN CHEMICALLY
DEPOSITED POSITIVE ELECTRODES

4. SOME RESEARCHERS BELIEVE THAT CAPACITY FADE CAN BE
ATTRIBUTED TO THE DEPTH OF DISCHARGE OF THE POSITIVE

ELECTRODE.

* THIS THEORY IS SUPPORTED BY THE ABSENCE OF
FADING DURING CYCLING

« THE FACT THAT FADING HAS BEEN GENERALLY SEEN
AFTER STORAGE IN THE DISCHARGED CONDITION IS
ALSO SUPPORTIVE OF THE THEORY.
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CAPACITY FADE

ROLE OF STORAGE

1. CELL VOLTAGE AT START OF STORAGE IS A
CRITICAL FACTOR

» CAPACITY FADE HAS NOT BEEN OBSERVED
IN CELLS STORED AT POTENTIALS BETWEEN
0.5 AND 1.0 VOLTS

2. HIGHER STORAGE TEMPERATURES APPEAR TO
ACCELERATE CAPACITY FADING

» OPTIMUM TEMPERATURES ARE BELOW 23° C

3. SHORTING CELLS FOR EXTENDED PERIODS DURING
STORAGE HAS BEEN DEMONSTRATED TO INCREASE
THE DEGREE OF CAPACITY FADE

4. THE LONGER THE STORAGE TIME THE MORE IMPORTANT
THE FACTORS LISTED ABOVE BECOME.
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CAPACITY FADE
ROLE OF COBALT ADDITIVE

1. RESEARCH INDICATES A POSSIBLE CHEMICAL COMBINATION
OF COBALT AND NICKEL

v THIS REACTION IS BELIEVED TO OCCUR AT LOW
STATES OF CHARGE IN THE ACTIVE MATERIAL

v THE PRESENCE OF NICKEL IN THE CHARGED FORM
(NIOOH) APPEARS TO INHIBIT THE REACTION

v THE RESULTANT HYBRID COMPOUND DRAMATICALLY
CHANGES THE DISCHARGE CHARACTERISTICS OF
THE ACTIVE MATERIAL

2. SEVERITY OF CAPACITY FADE MAY BE LINKED TO
COBALT CONCENTRATION

v HIGHER COBALT CONCENTRATION APPEARS
TO LEAD TO MORE PRONOUNCED FADING
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CAPACITY FADE
OCCURANCE OF

1. CELLS WHICH EXHIBIT CAPACITY FADE HAVE:
a. NORMALLY BEEN THROUGH A PERIOD OF STORAGE
b. HAVE BEEN STORED IN A DISCHARGED CONDITION

c. HAVE BEEN STORED AT HIGHER THAN NORMAL
TEMPERATURES (> 23° C)

d. HAVE IN MANY CASES BEEN SHORTED FOR ALL OR PART
OF THE STORAGE TIME

2. TO BE CLASSIFIED AS CELLS WHICH EXHIBIT CAPACITY
FADE THE CELLS SHOULD:

a. EXHIBIT A DECREASED CAPACITY THAT IS NOT
RECOVERED THROUGH ROUTINE CYCLING

b. GENERALLY OCCURS EARLY IN CELL CYCLE LIFE

c. DEMONSTRATE NO OTHER ANOMALY WHICH WOULD
CONTRIBUTE TO CAPACITY LOSS

d. PERFORM NORMALLY IN ALL OTHER RESPECTS
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CAPACITY FADE
METHODS OF PREVENTION

1. USE OF THE NICKEL PRECHARGE IN NICKEL
HYDROGEN CELLS

2. STORAGE OPEN CIRCUIT IN A DISCHARGED
CONDITION

3. STORAGE IN A CHARGED CONDITION

4. STORAGE WITH TRICKLE CHARGE
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CAPACITY FADE
STORAGE UNDER TRICKLE CHARGE

CELL IS FULLY CHARGED

CELL IS STORED UNDER A LOW CURRENT CHARGE
« C/80 1S USUAL TRICKLE CURRENT
« TEMPERATURE IS MAINTAINED AT 6 £ 3°C

« VOLTAGE AND CELL TEMPERATURE ARE MONITORED
TO PREVENT DAMAGE TO CELLS

TRICKLE STORAGE METHOD IS SUITABLE FOR LAUNCH PAD
STORAGE

TRICKLE STORAGE METHOD IS ACCEPTABLE FOR UNSUPERVISED
STORAGE

IT IS THE STORAGE METHOD OF CHOICE
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CAPACITY FADE
STORAGE CHARGED

CELL SHOULD BE FULLY CHARGED

* 100% CHARGE FOLLOWED BY EXTENDED TRICKLE CHARGE
TYPICAL PRE-STORAGE REGIME

MAINTAIN LOW STORAGE TEMPERATURE

* LOWEST TESTING TEMPERATURE (NORMALLY 0° C) IS
THE NORM

CELL RECEIVES A PERIODIC "TOP-OFF" CHARGE
* TRICKLE RATE IS RECOMMENDED CURRENT (C/80)

* FREQUENCY OF CHARGE DETERMINED BY SELF-DISCHARGE
RATE

ACCEPTABLE METHOD FOR LAUNCH PAD STORAGE
ACCEPTABLE FOR UNSUPERVISED STORAGE
RECOMMENDED BY EAGLE PICHER AND HUGHES AIRCRAFT

BEST WHEN CONSTANT CELL MONITORING IS NOT
FEASIBLE
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CAPACITY FADE
OPEN CIRCUIT STORAGE

OPEN CIRCUIT STORAGE IS NOT HIGHLY
RECOMMENDED

STORAGE TEMPERATURE MUST BE CONTROL
. STORAGE AT LOWEST TESTING TEMPERATURE
(USUALLY 0° C) IS A GOOD RULE OF THUMB

IT IS ESSENTIAL TO AVOID SHORTING DURING
STORAGE

MAXIMUM 80% DEPTH OF DISCHARGE PRIOR TO
STORAGE

EAGLE PICHER BELIEVES THAT THIS IS A RISKY
METHOD OF STORAGE

. THIS METHOD SHOULD BE USED AS LAST RESORT

. NOT AN ACCEPTABLE METHOD FOR LAUNCH PAD
STORAGE

« NOT AN ACCEPTABLE METHOD FOR UNSUPERVISED
STORAGE
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CAPACITY FADE

RECOVERY OF CAPACITY

1. ALL CAPACITY FADE EXAMPLES HAVE DEMONSTRATED
SOME DEGREE OF RECOVERY WITH CONTINUED CYCLING

» INTELSAT V IS CURRENTLY ON ORBIT WITHOUT
A FAILURE

» INTELSAT VI HAS RECOVERED CAPACITY WITH CYCLING

» EXPLORER 50 AH IS PRESENTLY ON LEO STRESS
TEST AT CRANE NWSC AND IS PERFORMING WELL.

2. EAGLE PICHER IS NOW TESTING CELLS TO IDENTIFY THE MOST
APPROPRIATE RECOVERY REGIME

» THE OBJECTIVE OF THE STUDY IS TO SPEED RECOVERY

» A SECOND OBJECTIVE IS TO BETTER UNDERSTAND CAPACITY
FADING.

SPECIFICALLY:
— HOW FADING IS AFFECTED BY

TEMPERATURE
— HOW FADING IS AFFECTED BY RESTING
VOLTAGE
1992 NASA Aerospace Battery Workshop -228-  Nickel-Hydrogen Storage [ Capacity Fade Session



QOVAO1lL S

(ploA 20/6 G’ - p'L) @pIS moj uo s|aad| buipeoT] ‘q
jer1ojew pobieyd jenpisal ul Adudioiysp yilm pole[aliod ssof Ajytoede) e
-jowo)snd Aq pozAjsue S3iBld Z
‘goa %08 1 6uioko 031 Aq Kj1oeded paidA0d3l Kjjelylied L
-wei1bBoid ABojouyodsl 19} ssaosocsd snoanbe woil} spew S33Eld ‘a
;S1n0OYy M3y © uey) 210w 10j SH3ID 6uljioys pilrey 13A3uU 0
aBi1eyo jjo-doy glL/D dipoilad q
abrio}s a26ieyd 9PoiL] ‘B
:spoyjsw Aq sbeio}s ui Ajlosded paulejuiB rd
‘doqQ %08 18 BuipAo 031 A9 A|939|dwod jsowie po13A023Y 1
weibo1g4 14biid4 10) sbuiids opEB10j0D ‘Id3 1B IPBW S3iEld 002 107 v

saouatiadxy Ajie3l |

NO SONIGWV A ALIDVAVYD HLIM SONIITHaAIX3 SsaAHSDSNMNH

Nickel-Hydrogen Storage [ Capacity Fade Session

-229-

1992 NASA Aerospace Battery Workshop



‘31qs0 ul uoljedly1oads 1od pswiojiad aARBY S|13) 9

$31942 031 A0Q %08 00l »
A15n0001 Ajioeded dsuobispun pey s|jeo abiecyosasd 24 ()

261BYDI1d 194D Yylm S||9D 104 SSO] OU - )s3] JoO pus je painseaw Ajovde]y (2)

eB1eyosid Ty pue IN YIoq Yym s|ad (1)

'SUOSEBIS SWIi} |B9J Qg JOJ PIIONPUOD 1S3} 31 P
‘abrilols syjuow XIS 133je SSO| Ajioedes oN - sbieyosaud 3p0o1}23|d |DIU jO 193}j3 e
‘om) 1O )3dM Ul ssO| Ajloede) - uaboipAy 1sd sp| jo 393433 q
'sAep p jnoqe ul ssoj Ajloede) - usboipAy isd Qg JO 3198333 3]
wig o oupels Aq paysiiqnd siinsay - ab6ievyoald uaboipAY jo uoneuUIWIT £
"AlIBNIUBAD ‘OL/D 1B SHOOM M3} AIaA] q
“AjBIItuL ‘gL/D 1B SHo9am omy A49A] ‘8
“§jo-do| dipotiagd Z
'syoed 1yb1jj swos 10j pasn — abBieyo IO} YPM 'q
9861 Ui 53031 18 poriodalr s)insay - (LVSWOD) 9618y 3132111 Jnoym R

abeioyg plod L

UOUOASId JT pouwtE SO110IGIOQET] [VSWOD Pue saybny 4ioq AQ pPI)onpuod Si3sa} ShoJdwnp 7

weiboid |IA LVSIILINI RE

CPlIUuon)
HOVHEHOILS NO DO9ONIAVAd ALIDVAVYDD HLIAM SQONOSI"dOddXd SIOHS M H

Nickel-Hydrogen Storage / Capacity Fade Session

-230-

1992 NASA Aerospace Battery Workshop



‘Buisiwoad S3INSol) jBijiut — wajqoid 3994100 0} dov|d Ul weibosd Qgdl -
‘wojqoisd ajeuIwWd 0} Iradde ysi1ym p3sIiA3p sainpasord Buljpusy =
‘ainjeradwa) mMmo| 18 9B 1EYD 3P3O11) (SY{juow g-g) PIpPUIIXT .
‘(pojeadal) sinoy g/ 10j 9jBI1 (0Z/3 IB 9bieYyD213A0 ainjviadwa) Mo .
(st1eD sbuiidg opriojold ‘|43) p2i3aAooal sweiboid pHIN 49dng jBIDISWWOD U0 SsO| Ajloede) .
4By POIN 42dNng 3SilY .
‘Burinjoeynuew Buiinp pajioys UsaymM S||190 $3BY/ J'9H jJo 0| 1Yyb6ily uo sso| Ajioede)n .
‘soje|d satyisod '3 PBY yoIlym 39 wolj poaseydsind s||90 Ajied uo bBuipey Ajiosded .
swei1b601d WNIWPEY |3)OIN A
‘abv10}s uo ssof Ajioedsd ON - pPIsn padusdladxly JA LVSTIALNG =
weiboig uaboipAH |94DIN J9Y410 BEY]
fIBH 2A9318 pue ouiyltwg uyor Aq BHuUlIsd) uo pajirodal sSINSIY -
HOM %lE PU®B %9C Y4jiog =
1S31 40) OY3T VSVN ©O) paystuinj paubissp sejiuis jo si|3d a
'aoa %09 e s21942 000°'02. -
*}1S2) 03 101id - 3b6i1BYDI31d [|9NOIN
QuelD 1B SIS3) 10) VSN O paysiuing sjajn o

(p.juo)) weiboid |A LVSTILNI "

CPIVOoD)
FAODOVHOILS NO DONIAVAd ALIDVAVYD HLIM IODON3IITd3addX3Aa saHoDNH

Nickel-Hydrogen Storage [ Capacity Fade Session

-231-

1992 NASA Aerospace Battery Workshop



44v4
ALIDVdAVO NI Nd4S SI LVHL NOI1LOV3H 1'1vd00
- 13MOIN dH1 1INdAdHd Ol Sd1dH HIOAHAS Y SIHL «

VIHd1VIN JAILOV
19V IIVAVNN 40 HIOAHAS3IH V SVH 1140 dHL «

NDIS3d 1140 ..SNdOHd.
dHOW V DNIdO1dAdd A1LN3IHHND S1 H4dHOId 19V

NOILVHLINIONOD

dAILIAAY 1vd00 dH1 d3d4dMOT SVH HdHOId F19V4d

SLINdWJAOHdINI 1130 TVILNdLOd

1dV4d ALIOVdVO

1
1992 NASA Aerospace Battery Workshop

-232-  Nickel-Hydrogen Storage / Capacity Fade Session



HOYS UH Qb O.£% S21n0Ipul aul| paysng

# 9247 aipjdswon

I
<
N
3

i

000'G -

0055 +

005’8 1

06 14

0056 -+

S S S G SR 1, 1
m m ! -+ 005's
m ; m - 000’9
m m Q05’9
: m ; a0’ L
! ; S \\.\MH... a05' L
_ : " R :
' ' ' T i e
, m e “4.\\\4W + oooe
, " : 7 o/ I
‘ .\.\.\”v\.\ N m 1 .D 3!
1 . \\.\\\.\1\ : {/ ‘ 1 us'e
I m T _« p m 1
: R / A 0006
1 T ~ ! ! 1
..1\:..1‘\ ] /dl]l ¢ ' I
- ' = 4\ : ! 1 anc e
.I/;Aﬂ/: “\\ / - 5 : T vos'6
oy v ' ' i
. “ \ 1 ' } : J } } ' } ! | + t + 00001

00001

ubisag pD IN 193UIS A PROUDADY

RN

T6—57-01 MUY Z26—9Z—9 bunss| 81p4 4ajiog

Nickel-Hydrogen Storage | Capacity Fade Session

-233-

1992 NASA Aerospace Battery Workshop






