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A new development program has resulted from a favorable assessment 
( re f .  1 )  of the potential  of the H2-NiO bat tery for t e r r e s t r i a l  applications, 
This program uses a multicell design approach tha t  d i f f e r s  s ignif icant ly from 
the aerospace individual pressure vessel design, A number of experimental 
900-Ah c e l l s  were b u i l t  t o  evaluate the new design concepts and components. 
Results from these experimental c e l l s  provided the input needed for a multi-" 
c e l l  bat tery design. Several experimental 100-Ah c e l l s  and one 6-cell bat tery 
were delivered t o  Sandia National Laboratories for l i f e  tes t ing,  

This new multicell  H Z N i O  bat tery has a number of potential  advantages 
for aerospace applications such as  the manned space s tat ion,  Thes advantages 
are  discussed, and a design concept i s  presented for a multikilowatt bat tery 
i n  a lightweight pressure vessel. 

AEROSPACE HYDROGEN-NICKEL OXIDE BATTERIES 

Aerospace H r N i O  c e l l s  and ba t t e r i e s  have been developed to  replace Ni--Cd 
ba t te r ies  a s  the energy storage subsystem for c o ~ + . e r c i a l  communications satel-- 
l i t e s  ( re fs .  2-4). These ba t t e r i e s  increase cy::~ic l i f e  and cllendar l i fe=-  
time, improve r e l i a b i l i t y ,  and reduce bat tery mass, Figure 1 shows the 
INTELSAT V aerospace battery.  

AEROSPACE FLIGHT PROGRAMS 

Programs using or planning to  use aerospace ~2-Ni-o ba t t e r i e s  are  outlined 
i n  table I. The NTS-2 s a t e l l i t e  launched i n  June 1977 was the f i r s t  s a t e l l i t e  
t o  use H r N i O  ba t t e r i e s  i n  space. The INTELSAT V program was the f i r s t  @om- 
mercial communications s a t e l l i t e  se r i e s  to  use H2-NiO ba t te r ies ,  To date,  
three s a t e l l i t e s  i n  t h i s  ser ies  (F-6, F-7, and F-8) have been launched with 
H Z N i O  ba t t e r i e s  on board, and the remaining seven s a t e l l i t e s  i n  the ser ies  
a re  scheduled to  use H Z N i O  ba t te r ies .  A l l  of the H2-NiO bat tery systems i n  
space are  performing well. 

"This paper i s  based on work performed a t  COMSAT Laboratories under the spon- 
sor ship of Sandia National Laboratories, 



EXPERIMENTAL TERRESTRIAL 100-Ah CELLS 

For t he  Sandia-sponsor ed program, t h e  des ign  approach depar ted  from t h e  
c y l i n d r i c a l  i n d i v i d u a l  p re s su re  v e s s e l  ( I P V )  aerospace c e l l ,  and i n s t e a d  used 
a pr i smat ic  m u l t i c e l l  des ign  approach. Cos t  r educ t ion  was a major i n c e n t i v e  
f o r  using t h e  p r i sma t i c  arrangement. The cha l lenge  was t o  produce a workable 
des ign  i n  t h i s  geometry. A number of experimental  100-Ah c e l l s  were designed, 
f ab r i ca t ed ,  and t e s t e d  t o  eva lua t e  new concepts  and d i f f e r e n t  e l e c t r o d e  s t ack  
components. 

DESCRIPTION OF 1 00-Ah CELLS 

Figure 2 shows an  assembled 100-Ah c e l l  wi th  t h e  fo l lowing  key f e a t u r e s :  

a .  The e l e c t r o d e s  a r e  s i z e d  a t  14 cm x 1 2  cm x 0.76 mm. 

b. The polypropylene conta iner  i s  one s e c t i o n  of a s tandard ,  6-ce l l ,  
injection-molded b a t t e r y  conta iner  such a s  t h a t  employed i n  a 54-Ah lead-acid 
b a t t e r y  (Johnson Cont ro ls ,  Inc.*) . 

c.  Threaded negat ive  and p o s i t i v e  n i c k e l  p o s t  t e rmina l s  a r e  employed, 
with n i cke l  hex nuts .  

d. The cover i s  hea t -sea led  t o  t he  case ,  and a gas-permeable plug i s  
provided f o r  hydrogen flow i n t o  and o u t  of t he  c e l l .  

e .  A t o t a l  of 21 or  22 p o s i t i v e  e l e c t r o d e s  were used t o  b u i l d  one 100-Ah 
c e l l .  

Table I1 d e s c r i b e s  t h e  nine 100-Ah experimental  c e l l s  f a b r i c a t e d  t o  da te .  
Reference 5 d e s c r i b e s  t h e s e  c e l l s  and t h e i r  performance d a t a  i n  d e t a i l .  

PERFORMANCE 

Tes t  d a t a  were c o l l e c t e d  fo r  t hese  100-Ah c e l l s ,  w i th  emphasis on t h e  
d a t a  which were most r e l e v a n t  t o  t he  b a t t e r y  design.  The platinum/carbon 
e l ec t rode  wi th  reduced plat inum loading  g e n e r a l l y  performed well .  Above 20°C, 
t h e  p o s i t i v e  e l e c t r o d e s  wi th  cadmium a d d i t i v e  performed b e t t e r  than  those  with 
c o b a l t  add i t i ve .  C e l l s  wi th  t h e  back-to-back e l e c t r o d e  s t a c k  des ign  performed 
b e s t .  

*Johnson Cont ro ls ,  Inc. ( J C I )  i s  a subcontractor  t o  COMSAT Labora tor ies  on t h e  
Sandia program. 



Platinum/Carbon Electrode 

This e l ec t rode  was developed t o  reduce cos t ,  The platinum content  
of the  e l ec t rode  was reduced by more than an order of magnitude, from 7 t o  
0.4 mg/cm2, with no degradation i n  performance ( see  f i g B  31, C e l l  1 had the  
aerospace negative e l ec t rodes ,  and Ce l l  2 had the  carbon/platinum negative 
e lec t rodes .  Otherwise, the  components i n  these two c e l l s  were the  same, 

Sel f  -Discharge 

A t  10°C, the  self-discharge da ta  for  C e l l s  1 and 2 were i d e n t i c a l ,  a s  
shown i n  f i g u r e  4. The time constant  was 1 ,748  hr, 

Back-to-Back Design 

C e l l s  3 and 9, with cadmium add i t ive  i n  the  pos i t ive  e l ec t rodes ,  asbes tos  
separator  ma te r i a l ,  and hack-to-back design,  gave the  b e s t  performance. 
Figure 5 g ives  performance da ta  for  C e l l  3 a t  10°C, This c e l l  completed 
89 cycles  a t  COMSAT Laboratories ,  and then was shipped t o  Sandia National Lab- 
o ra to r i e s .  Sandia c u r r e n t l y  has C e l l s  3 and 9 on a l i f e  t e s t ,  

6-CELL. 7,5-V, 100-Ah BATTERY 

From the  experimental development e f f o r t ,  Cel l  9 evolved a s  the  most 
advanced c e l l  design, The 6-ce l l  s t acks  for  the  H2-NiO b a t t e r y  were b u i l t  t o  
t h i s  design, 

BATTERY ASSEMBLY I N T O  POLYPROPYLENE CONTAINER 

The H2-NiO b a t t e r y ,  shown i n  f igure  6 ,  has the  following s a l i e n t  
fea tures :  

a ,  a s tandard,  polypropylene, i n j  ection-molded container  t o  house the  
s i x  c e l l  s tacks ;  

h e  a cover which was heat-sealed on the  assembly l i n e ;  

c , negative and p o s i t i v e  n ickel  pos t  te rminals  i n j  eclion-molded i n t o  the  
cover ; 

d. c e l l  in terconnects  within the  polypropylene case; and 

e. indiv idual  voltage-sensing l eads  t o  monitor the  individual  c e l l  vo l t -  
ages, with individual  caps fo r  each of the  s i x  c e l l s ,  



BATTERY ASSEMBLY I N T O  PRESSURE VESSEL 

Figure 7 shows the  b a t t e r y  being assembled i n t o  the  pressure v e s s e l ,  
~ o t c ,  t h a t  a h e a t  exchanger i s  placed around the  b a t t e r y  case t o  al low tempera- 
t u r e  control. of the  b a t t e r y  during t e s t i n g ,  The completely assembled b a t t e r y  
i s  shown on t e s t  i n  f i q ~ r e  8, Also note t h a t  a gas cylinder i s  connected t o  
the  b a t t e r y  Lo allow for ex te rna l  s torage  of hydrogen gas ,  Duping long 
per iods  of s tand,  hydrogen gas can be s tored  e x t e r n a l l y  by c los ing a valve,  
thus pireventing s e l  E- d ischarge 

P EXtFORf4UNCE DATA 

After a c t i v a t i o n ,  the  f i r s t  sealed discharge produced the  vol tage  and 
pressure p r o f i l e s  displayed i n  f i g u r e  9, The capaci ty  measured when the  f i r s t  
c e l l  reached 5 V was - 1 0 3 ~ 7  Ah, The maximum pressure reached on charge was 
332 ps lq  without ex te rna l  hydrogen s torage ,  and 230 ps ig  with ex te rna l  hydro- 
gen storage Precharge i n  t h i s  b a t t e r y  baas s e t  a t  70 ps ig ,  

COST 

The b a t t e r y  shown i n  Eigure 6 was assembled by J C P  a t  t h e i r  l ead  ac id  
b a t t e r y  p i l o t  p lan t ,  kZl s f  the  assembly s t e p s  followed es tab l i shed  semiauto- 
matic procedures. A d e t a i l e d  c o s t  study i s  underway for  a mul t ik i lowat t  
H2 N i O  energy s torage  system based on t h i s  new mul t i ce l l  b a t t e r y ,  S i g n i f i c a n t  
c o s t  reduct.ions (orrer 30/1 1 a r e  projected for  t h i s  system, a s  compared with 
present  aerospace PPV b a t t e r i e s -  

SANDPA NkTEOWAL LRRORATORIES BATTEXY' TEST RESIJLTS* 

The H2-1\7i.O c e l l  baing cycled a t  room temperature ( I D  351, C e l l  31, has 
accumulated 681 cycles  a t  90-percent ckpth of discharge,  and the  capaci ty  i s  
s t a b l e  a t  88,5 Bh, a s  presented i n  t a b l e  111, The o ther  c e l l  ( I D  373, 
Cell. 91, and the  ba'ct.eiiy ( E D  385, Eat tery  21, v?ere a l s o  deep cycled, b u t  the  
amount of overcharge was can t ro l l ed  based on the  slope of the  pressure-time 
curve, Di f fe ren t  values of & P / ~ T  were used t o  terminate charge, The 6-ce l l  
b a t t e r y  has over 100 cycles  a t  Sandia arid i s  performing well ( t a b l e  III), The 
c e l l  vol  tages a r e  very  uniform; the  end-of-discharge and end-of-charge vo l t -  
ages for  the  l a s t  cycle of the  s e t  a r e  presented i n  t a b l e  I V ,  

MULTIKILOb?ATT BATTERY SYSTEN --------.------ 

This 6 - ~ c e l l ,  7 5.-V, 100-Ah b a t t e r y  brill. be the  bu i ld ing  block fo r  a 
mu3_tikiloauatt b a t t e r y  system 'ren t o  Eif teen of these  b a t t e r i e s  could r e a d i l y  
be connected i n  s e r i e s  and insCalled i n t o  one common pressure vesse l ,  a s  shown 

"Data c o c t e s y  of D , Rush, Program Manager, Sandia National Laboratories ,  

3 4 



i n  f igure  10. This conf igura t ion  would provide approximately 10 kwh of s to red  
energy (1 00 Ah a t  100 V) .  

Figure 11 shows a l ightweight  pressure v e s s e l  ve r s ion  of t h i s  mul t ik i lo-  
wa t t  b a t t e r y  system. The p o t e n t i a l  advantages of t h i s  b a t t e r y  system fo r  
mul t ik i lowat t  aerospace app l i ca t ions  a r e  presented i n  t a b l e  V. 

CONCLUSIONS 

To da te ,  performance da ta  fo r  the  H2-NiO pr ismat ic  m u l t i c e l l  b a t t e r y  
design approach have been very encouraging. Many of the  design concepts dem- 
ons t ra ted  i n  the  m u l t i c e l l  100-Ah b a t t e r y  a r e  s u i t a b l e  for  both  t e r r e s t r i a l  
and aerospace appl ica t ions .  
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Spacecraf t  
Pr oqr a m  

INTELSAT V 
A 
B 
C 
D 

INTELSAT V I  

SDS (Mili-  
tar Y 1 

MMBI ( M i l i -  
tar y ) 

TABLE I. AEROSPACE 
1 

Spacecraf t  
Manufacturer 

HAC 

C e l l  
Capacity 

(Ah) 

F A C C ~  
RC A~ 
RCA 
RC A 
RCA 

HAC 1 

35 
30 
40 
50 
3.5 

PROGRAMS US 

Design 

a ~ o r d  Aerospace Communications Corporation. 
b~~~~~~ Labor ator ies . 
C ~ a g l e  p icher  I n d u s t r i e s .  
d ~ a d i o  Corporat ion of A m e r i c a .  
e ~ u q h e s  A i r c r a f t  Corporation. 

IP V-COMSA$ 
IPV-COMSAT 
IPV-COMSAT 
IPV-COMSAT 
IPV-COMSAT 

IPV- HAC 

IP V-HAC 

IPV-HAC 

:NG H T N i o  BATTERIES 
I 

EP I C  

EPI 
EPI 
EPI 
EPI 

Manufacturer 

HAC 1 64 

No. of 
C e l l s  Per 
Spacecraf t  

S a t e l l i t e  
O r b i t  

HAC 

HAC 

Synchronous 
Synchronous 
Synchronous 
Synchronous 
Synchronous 

36 

36 

Synchronous 

Synchronous 

Synchronous 



TABLE 11. EXPERIMENTAL CELLS 

ack-to-back 

e c i r  cu la t ing  

e c i r c u l a t i n g  

a ~ o s i  t i v e  Electrodes 
J C  I 

255 J C I  

J C I *  

b ~ e g a t i v e  Electrodes 
Platinum 

c ~ e p a r  a to r  
cd, R ,  m a c e  

Asbestos 

: 0.76-mm-thick wet s l u r r y  plaque, aqueous 
impregnation process with cadmium add i t ive ,  

: 0,76-mm-thick dry s i n t e r  plaque, aqueous 
impregnation process with coba l t  addi t ive .  

: 0.76-mm-thick wet s l u r r y  plaque, aqueous 
impregnation process with c o b a l t  addi t ive .  

: Standard aerospace platinum c a t a l y s t s  with 
6 t o  8 mg pt/cm2 surface  a rea ,  

: Carbon/platinum c a t a l y s t  with 0,4 mg pt/cm2 
surface  a rea ,  

Inorganic/organic composite cons i s t ing  of non- 
woven polyolefine with inorganic f i l l e r  
mater ia l ,  

: Quin-T f u e l  c e l l  grade asbes tos ,  



TABLE 111. ACTIVE H T N i O  BATTERY TEST SUMMARY 
(SEPTEMBER 1984 

I I Nominal I I I I 

*80-per c e n t  depth  of d i scharge  based on National  
E l e c t r i c  Manufacturers Associat ion (NEMA) standard.  

I D  Number 

w 

C e l l  3: 351 

C e l l 9 :  373 

Ba t t e ry  2: 385 

Rat ing  
Condition* 

NEMA 

NEMA 

NEMA 

v 
1.25 

1.25 

7.5 

Ah 

90 

100 

100 

Cycles 

681 

27 2 

108 

Capaci ty 
(Ah 

89 

88 

9 8 



TABLE IV.  BATTERY VOLTAGES 



TABLE V. COMSAT/JCI H Z N i O  BATTERY: POTENTIAL ADVANTAGES FOR AEROSPACE - 
Advantage 

High Energy Density 

High Power Density 

Improved Energy per Unit Volume 

Advanced Design Concepts fo r  a 
Mu1 t i k i l o w a t t  Energy Storage 
System 

High Watt-Hour Eff ic iency 

Background Data Base 

Building-Block Concept 

Manufacturing R e l i a b i l i t y  

Cost Reduction 

Description 

65 Wh/kg 

600 W/kg 

64 Wh/L 

Two times b e t t e r  than b a t t e r y  fab r i ca ted  
from present  IPV H r N i O  c e l l s .  

Mul t ice l l  design, a c t i v a t i o n  procedures, 
e t c  . , r ep resen t  a s i g n i f i c a n t  advancement 
over present  s tate-of- the-art  IPV cells. 

- >85% 

100-Ah b a t t e r y  and cells on test. 

1-kwh modules can b e  connected t o  make 
mul t ik i lowat t  systems. 

J C I  has appl ied  proven and r e l i a b l e  
manufacturing processes t o  the  assembly of 
these  b a t t e r i e s .  

30/1 reduct ion  compared with IPV cell  
technology. 



Figure Capt ions 

Figure 1. INTELSAT V H r N i O  Ba t t e ry  

Figure 2. 100-Ah Experimental C e l l  

Figure 3. Voltage on Discharge fo r  Cells 1 and 2 

Figure  4. Self-Discharge fo r  C e l l s  1 and 2 

Figure 5. 8-hr Cycle Tes t  Data f o r  C e l l  3 

Figure 6. 6-Cell, 7.5-V, H Z N i O  Ba t t e ry  

Figure 7. H r N i O  Ba t t e ry  Assembly i n  P re s su re  V e s s e l  

F i g u r e 8 .  H 2 - N i O B a t t e r y o n T e s t  

Figure 9. Discharging P r o f i l e s  f o r  Ba t t e ry  Voltage and P re s su re  

Figure 10. Conceptual Drawing of a  15-kwh H2-NiO B a t t e r y  System 

Figure 11 . Lightweight P re s su re  V e s s e l  





Figure 2. 100-Ah Experimental Cell 



CAPACITY (Ah) 

CYCLE 4 
1.4 DISCHARGE CURRENT = 20 A - 

DISCHARGE TEMPERATURE = 20°C 

1.2 - - 

1 .o - - 

0.8 - - - CELL 1 . . . . . . . . . CELL 2 
0.6 - - 

0.4 - - 

Figure 3. Voltage on Discharge for Cells 1 and 2 
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SLOPE =5.7197X 
INTERCEPT = 23.647 
RATE CONSTANT = 8.968 
TEMPERATURE = 10°C 

x TIME CONSTANT = 1,748.3 

Figure 4. Self-discharge for Cells 1 and 2 
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DEPTH OF DISCHARGE = 60% 
DISCHARGE AT 50 A FOR 1.2 hr 
CHARGE AT 10.5 A FOR 6.8 hr 
TEMPERATURE = 1 O0 C 

Figure 5. 8-hr Cycle Test Data for Cell 3 
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Eigul-e 6. 6-cell, 7.5-V, H2-NiO Battery 



Figure 7. H2-NiO Battery Assembly in Pressure Vessel 



Figure 8. H2-NiO Battery 011 Test 
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Figure 1 1. Lightweight Pressure Vessel 




