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Research i n t o  Fundamental Phenomena Associated 

with Spacecraft Electrochemical Devices - 
Calorimetry of Nickel-Cadmium Cells 

By 

W. H. Webster and R .  T. Foley 

ABSTRACT 

During t h i s  report ing period t h e  inves t iga t ions  of t h e  s ix  ampere- 

hour nickel-cadmium c e l l  with "Adhydrode" cont ro l  e lectrode were 

concluded. These inves t iga t ions  involved: 

1) Cycling Experiments (402 depth o f  discharKe, 
110% recharge) 

2 )  Charge Eff ic iency Studies 

3 )  Transducer Study 

The 40% depth represents  t h e  deepest discharge t o  which t h e  c e l l  

had been subjected during these  investiaationa.  

depth of discharge produced t h e  grea tes t  thermal e f f e c t ,  1.18 w a t t s  

A s  expected, t h i s  40% 

and the  maximum build-up of oxygen pressure.  Enthalpy changes (AH) 

obtained from the  thermal response f o r  t h i s  experimental series remained 

i n  excel lent  agreement with t h e  calculated t h e o r e t i c a l  value (33.1 kcal /  

equiv) f o r  these  react ions.  
C 

During the  e f f ic iency  s tudies  t h e  charge rate w a s  var ied from 5 
C - 

(0.6 amps) t o  1.2 (5.0 amps) resu l t ing  i n  only a s l i g h t  va r i a t ion  i n  

t h e  eff ic iency.  The aversije eff ic iency obtained was 83 . 6%. 

After  t h e  completion of 335 cyc l ic  experiments t he  c e l l  was removed 

frcan t h e  calorimeter and f i t t ed  with a transducer for t h e  purpose of 

i 



correlating the Adhydrode Signal with the oxygen pressure i n  the  cell. 

A correlation was made but m S  not 88 consistent  as desired. The 

experimental work i n  the immediate future w i l l  be done on the  12 

ampere-hour ce l l .  
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I. INTRODUCTION 

The major purpose of t h i s  program i s  t o  t r a i n  electrochemists t o  

perform research and solve broblems i n  t he  space ba t t e ry  f i e l d .  

problems are those s p e c i f i c a l l y  encountered by NASA's  Goddard Space 

The 

F l igh t  Center. 

A review of t h e  accomplishments p r i o r  t o  October 1, 1966 would 

include 1) a l i t e r a t u r e  survey of calorimetry; 2 )  t h e  design and con- 

s t r u c t i o n  of a continuous flow calorimeter and 3 )  t h e  evalu&ion of a 

s i x  ampere-hour nickel-cadmium c e l l  which was subjected t o  t h e  

following o r b i t a l  conditions:  

a )  79 cycles  undergoing 25% depth of discharge and 
a 110% recharge 

b )  74 cycles undergoing 15% depth of discharge and 
a 114% recharge 

c )  93 cycles  undergoing 25% depth of discharge and 
a 114% recharge 

During t h i s  repor t ing  period t h e  inves t iga t ions  of t h i s  same b a t t e r y  

have involved: 

1) 74 cycles  undergoing 40% depth of discharge and 
a 110% recharqe 

2 )  charge e f f ic iency  s tudies  

3 )  t ransducer  s tud ie s  

-1- 



11. EXPERIMENTAL PROCEDURE 

1. 

The same s i x  ampere-hour nickel-cadmium c e l l  was used f o r  t h i s  

Cycling Experiments (40% depth of discharge,  110% recharge) 

experimental s e r i e s  as had been used t o  obtain t h e  da ta  for t h e  first 

report .  The continued r e l i a b i l i t y  of t h e  c e l l  w a s  substant ia ted by means 

of a capaci ty  check. Before beginning t h i s  experimental s e r i e s  (Exp. 

Se r i e s  D )  t h e  c e l l  was recharged fo r  s ixteen hours a t  a 10 rate o r  a t  
C 

0.6 amps. 

f o r  30 minutes or t o  a 40% depth. 

Cycling w a s  i n i t i a t e d  by discharging t h e  c e l l  a t  4.75 amps 

Then, t he  c e l l  was charged a t  a con- 

s t a n t  cur ren t  of 2.65 amps u n t i l  a terminal vol tage of 1.49 v o l t s  w a s  

obtained a t  which point  (approx. 55 mins. t h e  cycle became vol tage 

l imi t ing  f o r  t h e  remainder of t h e  110% recharge s t e p  (6  mins.) During 

t h e  cycl ing,  cont inual  recording of the  current ,  voltage,  and thermal 

output of t h e  c e l l ,  as w e l l  as t he  Adhydrode's vol tage output, were made. 

2. Charqe Efficiency ExDeriments 

The seme c e l l  w a s  used f o r  these experiments. The e f f e c t  on t h e  

e f f ic iency  of varying t h e  charge rate w a s  invest igated.  

s tudied were, 10 (0.60 amps), 8 (0.75 amps), 
C 
2 (3.00 amps), and 1.2 (5.00 amps) . 

The charge rates 
C C C C 

(1.00 amps), t (1.50 amps), 
C - - 

Each charging condition w a s  examined 

using constant current  and w a s  terminated when an Adhydrode s igna l  of 

100 mv. across a 6.8 ohm resistor was obtained. 

charged at  5 (3.00 amps) u n t i l  a terminal vol tage of zero was reached. 

Then, t h e  c e l l  w a s  dis- 
C 

During t h e  above t e s t i n g  t h e  eff ic iency and t h e  rate of heat  generation 

by t h e  c e l l  were recorded. 

3. Transducer Experiments 

During t h e  course of experimental Ser ies  D (40% depth of discharge, 

110% recharge) s iqna l s  i n  excess of 181 mv. (across  a 6.8 ohm r e s i s t o r )  

-3- 



were generated by t h e  Adhydrode cont ro l  e lectrode.  Conversations with 

H. Seiger of Gulton Indus t r i e s  and K. Sizemore of Goddard Space F l igh t  

Center, NASA l ed  t o  t h e  conclusion t h a t  t h e  Adhydrode oxygen-pressure 

re la t ionship  above an output 181 mv. (across  a 6.8 ohm r e s i s t o r )  had not 

as ye t  been invest igated.  

proceeding t o  t h e  twelve ampere-hour c e l l  i s  r e fe r r ed  t o  as t h e  "Trans- 

ducer Study." 

neqative terminal v i a  a threaded c a p i l l a r y  tube. 

a Glennite Pressure Transducer and a valve through which a vacuum could 

be applied.  The procedure f o r  accomplishing t h i s  mechanically i s  given 

i n  d e t a i l  i n  Appendix 2. The pressure transducer was ca l ib ra t ed  with an 

Amthor Dead Weiqht Pressure Gauge Tester. 

of the transducer versus t h e  absolute  pressure is shown i n  Figure &. 

A ca l ib ra t ion  p l o t  of t h e  c e l l  pressure versus t h e  Adhydrode Control 

Electrode as reported by K. Sizemore* appears i n  Figure 3. 

The attempt t o  gain t h i s  information before 

This Study was begun by en ter ing  t h e  c e l l  through t h e  

To t h i s  w a s  at tached 

A p l o t  of m i l l i v o l t  output 

The c e l l  wh i l e  ex terna l  t o  t h e  calorimeter (not  thennostated)  w a s  

subJected t o  t h e  following experiments: 

a )  

b) 25% depth of discharge and a 110% recharge 

c )  40% depth of discharge and a 110% recharge 

d )  15% depth of discharge and continuous overcharge 

15% depth of discharge and a 110% recharge 

* K. Sizemore, "Use of t h e  Adsorption Hydrogen Electrode and t h e  Oxygen 
Fuel-Cell  Electrode i n  nickel-Cadmium Cells ,I1 NASA Goddard Report 
#~-716-66-83, Apri l  1966, p. 12. 
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A t  the conclusion of each experimental ser ies  (approx. 24 hrs . )  

the c e l l  was discharged to a terminal voltage of zero and then recharged 
n 
b 

for 16 hrs. at 10 or 0.6 amps. 
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111, RESULTS AND CONCLUSIONS 

1 . Cycling Experiments 

The f i n a l  series of cyc l i c  experiments (40% depth of discharge, 

110% recharge) t o  be performed with t h e  s i x  ampere-hour nickel-cadmium 

c e l l  have been completed, Detailed t a b l e s  of representa t ive  cycles 

which appear i n  Appendix 1 describe the  thermal output,  e l e c t r i c a l  

cha rac t e r i s t i c s ,  enthalpy changes, and oxygen pressure of t h e  c e l l  at  five- 

minute in te rva ls .  

The thermal da ta  were obtained by converting t h e  microvolt s igna l  of 

t h e  thermopile t o  watts by means of a ca l ib ra t ion  curve. The oxyg<n 

pressure w a s  indicated by t h e  mi l l i vo l t  output of t h e  Adhydrode cont ro l  

e lec t rode  across a 6.8 ohm r e s i s to r .  This s igna l  w a s  converted t o  

p.3.i.a. of oxygen by means of the ca l ib ra t ion  curve appearing i n  

Figure z. Any s igna l  above 181 mv. was recorded as such and cannot at 

t h e  present  t i m e  be converted t o  a p.s.i.a. value s ince  t h e  per t inent  

r e l a t ionsh ip  has not as y e t  been derived. 

As discussed previously,  t h e  enthalpy change (AH)  ca lcu la t ions  of 

thermodynamic s igni f icance  a r e  l imited t o  t h a t  point  of minimum oxygen 

evolution or r ea t ion  (VAPpO) approximately 35 minutes i n t o  t h e  charge 

cycle. A t  t h a t  point  excel lent  agreement is  obtained between the 

experimentally value of 33.15 kcal/equiv and t h e  calculated value of 

33.1 kcal/equiv. A t  o ther  times, a t  trh.ich t h e  VAP contr ibut ion i s  con- 

s iderable ,  t h e  ca lcu la ted  "AH" i s  no longer the t r u e  change i n  enthalpy. 

Thus, t h e  value is  denoted as AH* i n  t he  table. This matter w i l l  be dis-  

cussed i n  more d e t a i l  i n  t h e  next report .  I n  Table I is  presented a 

comparison of t h e  oxygen pressure,  changes i n  AH* and thermal da ta  a t  

spec i f i c  times i n  each cycle. 

-9- 



Condition 

Discharge 

Discharge 

Charge 

Charge 

Charge 

Discharge 

Discharge 

Charge 

Charge 

Charge 

Discharge 

Discharge 

Charge 

Charge 

Charge 

Discharge 

Discharge 

Charge 

Charge 

Charge 

Time 
(mins. 1 

5 

30 

5 

35 

60 

5 

30 

5 

35 

60 

5 

30 

5 

35 

60 

5 

30 

5 

35 

60 

TABLE 1: - Comparison of Thermal, Enthalpy, 
and Oxygen Pressure Data 

Heat 
(watts ) 

-0.58 

-0.59 

-0 38 

+o . 1 0  

-0.23 

-0.40 

-0.32 

-0.18 

+O .07 

-0 . 16 

-0.74 

-0 . 60 

-0 38 

+o. 10 

-0.34 

-0.94 

-1.10 

-0 . 66 

+O 13 

-0.40 

AH* O2 Pressure 
(kcal/eWiv. (P.s.I.A. 1 

-35 . 58 

-33 070 

+24.66 

+33.67 

+31.43 

-36 48 

-33 38 

+26.25 

+33.68 

+29.93 

-36 58 

-33 66 

+25.12 

+33 . 44 

+29.36 

-34 83 

-33 40 

+24.45 

+33.15 

+28 . 53 

-10- 

15.3 

4.1 

3.5 (25% d o c . ,  110% recharge) 
Exp. Ser ies  A Cycle 18 

1.5 

13.1 

13.1 

3.2 Exp. Series  B Cycle 18 
(15% d.c., 114% recharge) 

3.0 

1.2 

10.4 

195 mv. 

6.5 
~ x p .  Series  C Cycle 18 

6.0 (25% d.c., 114% recharge) 

2.1 

22.0 

240 mv. - 
11.3 

10.0 
Exp. Ser ies  D Cycle 25 
(40% d.c., 110% recharge) 

3.5 

260 mv. 
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A grapnicai  presentat ion of iiir t h e i ~ ~ d .  responses of t h e  s i x  

ampere-hour Ni-Cd c e l l  appears i n  Figure 2. 
r eac t ion  occurs approxha te ly  t e n  minutes i n t o  t h e  discharge cycle. 

The height of t he  endothermic react ion occurs t h i r t y - f i v e  minutes  i n t o  

t h e  charging cycles .  

The peak of t h e  exothermic 

Oxygen generation a t  a rate f a s t e r  than t h a t  of chemical recombina- 

t i o n  takes  place a t  approximately f i f t y  minutes i n t o  t h e  charge cycles.  

I n  Tahle I1 appears a comparison of t h e  m a x i m u m  thermal da ta  and 

oxygen pressure f o r  each experimental s e r i e s .  The g rea t e s t  t h e r m a l  

e f f e c t  i s  produced by t h e  deepest discharge cycle ,  i.e. 40% depth of d is -  

charge. Also, t h e  g rea t e s t  oxygen pressure value is  obtained f o r  these 

same series, i.e. 285 mv. 

2. CharRe Eff ic iency Experiments 

During t h i s  set of experiments t h e  c e l l ' s  e f f ic iency  and rate of 

heat generation were recorded. T h i s  da t a  i s  summarized i n  Table 111. 

The c e l l  had been subjected t o  325 cycles p r i o r  t o  t h i s  study. 

The r e s u l t s  i nd ica t e  t h a t  t h i s  type of c e l l  possesses good s t a b i l i t y  

i n  t h e  region inves t iga ted  with the  percentage e f f ic iency  varying only 

3.7%. 

va r i a t ions .  

recorded f o r  t he  discharge process which w a s  always at a constant cur ren t  

of 3.00 amps. 

t h e  ce l l  occurred during t h e  1.2 charge cycle.  

i n  t h e  c e l l ' s  e f f ic iency  was produced. 

No s igni f icance  i s  read in to  t h i s  va r i a t ion  o ther  than experimental 

An e s s e n t i a l l y  constant maximum exothermic output w a s  

The g rea t e s t  quantity of heat l i b e r a t e d  (0.24 watts) by 
C - 

However, very l i t t l e  change 

The completion of t h i s  study marked t h e  first time s ince  Ju ly ,  1966 

t h a t  t h e  calor imeter  was shut down and t h e  b a t t e r y  removed f o r  v i s u a l  

inspection. The b a t t e r y  by t h i s  time had been subjected t o  335 cycles 

-11- 





TABLE I1 - Comparison of Maximum Thermal 
Effect and Oxygen Pressure 
For Various Series  

Max. Heat Liberated Max. Heat Absorbed Max. 02 Press. 
(watts) (watts ) (p.s . i .a .1  

Exp. Series  A 
(25% d o c . ,  110% recharge) -0 66 

Exp. Ser ies  B 
(15% d o c . ,  114% recharge) =O 44 

Exp. Ser ies  C -0.77 
(25% d o c . ,  114% recharge) 

Exp. Ser ies  D 
(40% d.c . , 110% recharge) -1.18 

-13- 

+o . 11 

+0.08 *- 

16.1 

12.6 

+o .10 200 mv. 



TABLE I11 - Comparison of Efficiency, Charge 
Rate, and Thermal Response 

CHARGE DISCHARGE 

AH OUT M a x  . M U .  M a x  . 
Endothemic hrothcmic Exothermic 
output(Watt) output(Watt) htput(Watt1 

- 
Charge Rate AH In % Eff. 

C 6.734 
1.2 8,134 

C - 6.835 
2 7.959 

6 879 

- 

- 

I 6 rn 

I F @f 

k a 
C 6 . 867 
10 s,lgo - 

82.7 +o 10 -0 24 -0 69 

85.8 +0.12 

83.8 +O . 08 

83.7 +O . 07 

82.1 +o .10 

83.8 +o . 06 

-0 . 12 

-0.10 

-0 69 

=O 68 

-0.10 -0 69 

=o 10 -0 70 

-0.12 =0.72 



including a l l  of t h e  following conditions, l5%, 25%, 40% depth of 

discharge and UO%, 114% recharge. 

w a s  n o t  under any form of cons t ra in t  and upon examination exhibited a 

very s l i g h t  bulging which w a s  detectable  only with a bubble leve l .  F i m r e  - 4 

is a photograph of t h i s  ba t te ry  (Gulton Indus t r ies  Cel l  No. 256 of the  

400T s e r i e s )  as it was mounted i n  a Lucite f i x t u r e  containing t h e  

ba t t e ry  and ca l ib ra t ion  heater.  

3. Transducer Experiments 

The c e l l  f i t t e d  with a Glennite pressure transducer f o r  invest igat ing 

During t h i s  t e s t i n g  t h e  ba t t e ry  

Adhydrode s igna ls  above 181 mv. or 28.7 psia of oxygen is shown i n  

Figure 5. Several experiments were run as indicated above. Some 

unce r t a in t i e s  occurred i n  t h e  experimental procedure and t h e  interpreta-  

t i o n  of some of t h e  curves w a s  not too straightforward. For t h i s  reason 

t h e  report ing and discussion of these da ta  is  postponed u n t i l  t h e  

next repor t .  

-1 5- 



FIGURE 4- PHOTOGRAPH OF S I X ' A V E ~  GULTON PRISMATIC BATTERY 
AFTER 335 CYCLES 
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FIGURE 5 - A CELL WITH PRESSURE TRANSDUCER 
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IV. NJN EQUIPMENT AND FACILITIES 

I n  order t o  expand t h e  t e s t i n g  c a p a b i l i t i e s  of t h e  calorimeter a 

Kepco Model 30-36 constant cur ren t ,  constant vol tage,  power supply has 

been obtained. 

0-36 v o l t s  with 0.1% regulat ion.  Rewiring of the  calorimeter and cyclinq 

device t o  accomnodate t h i s  new u n i t  has been completed; however, t h e  

e n t i r e  system a t  t h i s  time i s  l imi ted  t o  twenty amps by t h e  r e l ays  i n  

t h e  cycling device. A photograph of t h e  e l ec t ron ic  cycling equipment 

and recorders ( cen te r ) ,  t he  console housing t h e  calorimeter and thermal 

ballast  tank ( r i g h t ) ,  and t h e  pipes  carrying the  o i l  t o  t h e  metering pump 

(foreground) appears as Figure 6. 

This power supply has a range from 0-30 amps and from 

Also, designed and constructed during t h i s  quar te r  was a spec ia l  

Lucite f i x t u r e  f o r  posi t ioning t h e  ca l ib ra t ion  hea ter  and t h e  12 ampere- 

hour c e l l  f i t t e d  with a pressure transducer and a vacuum cut-off valve i n  

t h e  calorimeter. 

During t h e  pas t  month, t he  Chemistry Department of American University 

moved i n t o  i t s  new building. 

electrochemistry laboratory consis t ing of 1100 sq. It. 

This pro jec t  w i l l  re  relocated i n  a new 
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V. FUTURE WORK 

Because of t h e  d i f f i c u l t y  i n  placing a 12 ampere-hour c e l l  i n  the  

calorimeter (6" high by 4 1/2" I.D.) and the  in ten t ion  t o  study 20 ampere- 

hour cells  i n  t h e  f u t u r e ,  t he  design and construction of a calorimeter 

capable of housing the  l a r g e r  u n i t s  w a s  i n i t i a t e d .  

Following t h e  r e loca t ion  of t he  equipment i n  t he  new f a c i l i t y  it 

w i l l  be necessary t o  c a l i b r a t e  the  calorimeter f o r  t h e  1 2  ampere-hour 

c e l l .  

Upon t h e  successful completion of t h i s ,  t h e  12 ampere-hour c e l l  

w i l l  be subjected t o  a t e s t i n g  schedule i n  order t h a t  a comparison m a y  

be made w i t h  the  6 ampere-hour c e l l  and possibly an extrapolation can 

be made t o  the performance of a 20 ampere-hour c e l l .  

This t e s t i n g  schedule w i l l  be as follows: 

1) 

2)  

3 )  

4 )  

15% depth of discharge and 114% recharqe 

25% depth of discharge and 114% recharge 

25% depth of discharge and 110% recharge 

40% depth of discharge and 110% recharge 

-1 g- 



FIGURE 6 - PHOTOGRAPH OF CYCLING EQUIPMENT AND COiiSOLE 
HOUSING THE T ” A L  BALLAST TAiiK AND CALORIMETF,R 
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VI. APPEXDICES 

1. 

2. 

Experimental Series D (40$ depth of d.c . ,  110% recharge) 

eocedure  for Entering a Hermetically Sealed Six Ampere- 

Hour Gulton Prismatic Ni-Cd Cell. 
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-7.17 
-7.08 
-6.91 

-7 020 

+2*78 
+3.26 
+3.49 
+3.65 
+3.72 
+3.77 
+3.85 
+3.88 
+3.88 
+3.94 
+3.03 
+2 . 08 
+lo84 

AH 
[kcal/ 
3CpiV)  

D35.03 
-34.90 
=34.95 
-34.80 
-34.37 
-33.54 

k24.19 
k28.36 
b30.36 
b31.76 
t32 36 
b32 .80  
t33.50 
t33 76 
t33.76 
t34.28 
t32.80 
t28.21 
t26.51 

O c t o  1: 

Ldhy- 
lrode 
mv) 

232 
190 
158 
130 
108 
90 

80 
65 
53 
47 
40 
35 
32 
32 
37 
56 

136 
250 
274 

1966 

wgen 
ress. 
.S . I .Ao ~ 

>29 . 0 

21.8 

12.8 
10.4 

*29 e 0 

16.1 

8 09 
7.1 
5.6 
5.0 
4.1 
3.5 
3.5 
3.5 
3.8 
5.9 

17.5 
>29 . 0 
729 . 0 

1 
1 

1 



E X P E K ! T A L  SERIES D 

i ;i 

DI E 

CHAl I 

5 
10 
15 
20 
25 
30 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
61 

-0.99 
-1.15 
-1 018 
-1.18 
-1 e14 
-1 11 

-0.66 
-0 27 
-0.09 
+0.04 
+O 09 
+0.10 
+0.15 
+o 11 
+0*13 
+0*05 
-0 010 
-0 45 
-0.55 

5: 

ns. doc. 
ns. C .  a 

E 
( v o l t s )  

1.31 
1.28 
1.27 
1.25 
1.25 
1.21 

1.30 
1.32 
1.9 
1.36 
1.37 
1.38 
1.39 
1.40 
1.42 
1.46 
1.49 
1.49 
1 e49 

II ..___. -- 
---_. 

a t  4.75 
2-65 (u 

I 
(amps) 

4.70 
4.74 
4.74 
4.75 
4.75 
4.75 

2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.15 
1.65 
1.60 

rmps for 
)s for 1: 

W 
(watts ) 

-6.16 
-6 . 07 
-6 . 02 
-5.9 
-5.94 
-5.75 

+3.45 
+3.50 
+3 55 
+3.60 
+3*63 
+3 . 66 
+3.68 
+3.71 
+3 76 
+3*87 
+3.20 
+2.46 
+2.38 

-31. 

096 h p t l  
$ Recha: 

AH 
watt-sec 

-7 015 
-7.22 
-7 e20 
-7 012 
-7.08 
-6.86 

+2.79 
+3.23 
+3.46 
+3.64 
+3.72 
+3.76 
+3.83 
+3*82 
+3.89 
+3*92 
+3 10 
+2 01 
+le83 

Oct. _____- 

;e Rate 

AH 
(kcal/ 
equiv 

I 

-35.08 
-35.12 
-35.02 
-34.56 
-34.37 
-33.30 

+24.27 
+28 . 10 
+30.10 
+31.67 
+32.36 
+32.71 
+33.32 
+33.23 
+33.84 
+34.10 
+33.24 
+28 . 09 
+26.37 

Adhy- 
drode 
(mv 1 

230 
190 
157 
128 
117 
88 

77 
63 
52 
45 
40 
34. 
31 
30 
35 
53 

130 
250 
270 

2.21966 
--- 

@ w e n  
Press. , 
P.S.1 .Ad) 

I 

>29 . 0 

729.0 
21.6 
15.9 
14.5 
10.1 

ii.3 
6.9 
5.4 
4.6 
4.1 
3.4 
3.1 
3.0 
3.5 
5.6 

16.1 
329.0 
729.0 
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EtdAaL 

Time 
mins. ) 

&E 

5 
10 
15 
20 
25 
30 

1 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
61 

xu'ubn 

1) 31 
2) 61 

Q 
aatts)  

-0 99 
-1.16 

-1 .16 

-1.18 
-1.18 

-1 a13 

-0 . 65 
-0 a27 
-0 a 09 
+Om05 
+0.10 
+ O m 1 1  
+o . 15 

+o . 05 

+0.14 
+ O m 1 1  

-0.14 
-0.51 
-0 56 

Ins. d, 
Ins. c 4  

E 
volts 

.a31 
L a 2 8  
t.27 
Lo25 
Lo23 
L a 2 1  

La30 
1.32 
1.34 
La36 
1.37 
L.38 
1 .40 
1.41 
1.42 
L a46 
1.49 
1 a49 
1 a49 

EXPERIMENTAL SERIES D 

- 
a t  4.' 
t 2.65 

I 
amps 1 

1.73 
b.75 
b.75 
ha75 
c. 76 
c.76 

1.67 
2.67 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.20 
1.75 
1.66 

amps fc 
ups for 

W 
(watts) 

.6.20 

.6.08 

.6.03 
-5.94 
-5.85 
m5.76 

3.47 
3.52 
3.55 
3.60 
3.63 
3.66 
3.71 
3.74 
3.76 
3.87 
3.28 
2.61 
2.47 
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40% Del 
0% Red 

AH 
rattsec 

-7.19 
-7.24 
-7.21 
-7 012 
-7.01 
-6.89 

t 2  002 
+3 025 
t3.46 
t3.65 
+3.73 
+3.77 
+3.86 
+3.88 
+3.87 
+3.92 
+3.14 
+2 010 
+la91 

of d.c 
'ge Rat( 

AH 
(kcal/ 
equiv) 

35 04 
35.14 
35.00 

33.95 
33.37 

9 -56  

24.35 
28.06 
30.10 
31.76 
32.45 
32.80 
33.58 
33.76 
33.67 
34.10 
32.91 
27.67 
26.53 

)WPn 
'ress. 
, S m I m A m  

5 

b29 . 0 
,2900 
21.0 
15.9 
12.5 
10.1 

11.3 
6.8 
5.2 
4.6 
4.0 
3.5 
3.1 
3.0 
3.4 
5.8 

16.1 
R9.O 
*29 0 
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Procedure For Entering a Hermetically Sealed 

6 A-H Gulton Prismatic Ni-Cd Cel l  

This procedure i s  t o  be used on a hermetically sealed c e l l  which 

has not been f i t t e d  i n i t i a l l y  by the  manufacturer w i t h  an appropriate 

device f o r  measurinq i n t e r n a l  gas pressure. The procedure is such t h a t  

it allows t h e  very minimum of fore ign  material and atmosphere t o  enter 

t h e  c e l l .  

With a #44 d r i l l  (0.086" d ia . )  center d r i l l  t h e  negative 

terminal of t h e  c e l l  t o  a depth of 5/8". 

With a 3-56 t ap ,  th read  t h i s  hole t o  a depth of 0.50". 

A t  t h i s  po in t ,  clean t h e  hole of a l l  metal turnings and 

excessive grease  and cu t t i ng  f l u i d .  

Now, place t h e  e n t i r e  c e l l  and d r i l l  p ress  i n  an argon 

atmosphere, 

Continue t o  center  d r i l l  t h e  negative t e rmina l  f o r  approxi- 

mately 3/32" with a #72 d r i l l  (0.025" d ia .  1, backing out 

t h e  d r i l l  every f e w  seconds t o  remove any metal t u r n i w s  

while a stream of argon gas plays on t h e  hole. 

After d r i l l i n g  approximately 3/32", t h e  i n t e r i o r  of t h e  c e l l  

w i l l  be reached without damage t o  t h e  c e l l .  

I n t o  this threaded hole (3-56) place a stainless s t e e l  (Type 316) 

The adapter i n  t u r n  w i l l  connect t o  a 1/8 adapter,  shown i n  Figure 1. 
Swagelok Tee containing a pressure transducer and a stainless s t e e l  valve 

through which a vacuum may be applied. 

After a l l  of t h e  above components are assembled i n  an argon atmosphere 

and t h e  valve closed, t h e  e n t i r e  system can be removed from t h e  argon 

-33- 



chamber. All f i t t i n g s  and threads are sealed with Teflon tape.  

F ina l ly ,  a vacuum l i n e  is attached t o  t he  valve and w i t h  t h e  a id  

of a water a s p i r a t o r  a vacuum i s  pul led on the c e l l  thus  removing t h e  

argon and returning the  c e l l  t o  i t s  i n i t i a l  condition. 

not t o  go below 24 m. of pressure.  

l y t e  i n  the c e l l  w i l l  be vaporized. 

It i s  important 

A - t  t he  lower pressure the e lec t ro-  

I 
I 
1 
I 
I 
1 
I 
1 
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 



I 
I 
I 

7 DIA 

A 

-3 5- 


