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SUMMARY 

The f i r s t  objective of this program is to obtain 2. 1 watt, 7 2  hour,  

r e s e r v e  ba t te ry  per formance  over the tempera ture  range +20" C 

to  -7 3" by modification of existing Livingston Ammonia Bat te ry  

designs.  

During the f i r s t  qua r t e r ,  cel l  tes t  chambers  w e r e  obtained and 

tes ted.  Numerous difficulties associated with he rme t i c  s ea l s  

below -55°C w e r e  encountered. 

of these difficulties, and improved sea l s  a r e  being developed. 

Cell t e s t s  were  made in  spite 

Cyclic load and recording sys tems were  evolved to provide for  

the specified e lec t r ica l  requirements  on a single cell  and /o r  a 

five s e r i e s  cell  ba t te ry  bas i s .  

The usual  s ta r t -up  problems were  a i so  encountered with continu- 

ous operation of mechanical refr igerat ion equipment a t  the lower 

t empera tu res .  This was temporar i ly  resolved by the installation 

of re f r igera ted  liquid CO, equipment. 

Despite the l o s s  of many tes t s  due to the above difficulties, 33 

useful t e s t s  a r e  repor ted  giving a pre l iminary  coverage of the 

operat ion of Mg/NH3 .KSCN cells with selected cathodes a s  

follows: 

Cathode Bes t  Resul ts  Obtained 

1 .  Mercur i c  Sulfate 103 hours  a t  -73°C 

2 e m e t a -  Dinitrobenzene 70 hours  a t  -55°C 

3 .  Sulfur 12 hours  a t  -55°C 
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It appea r s  that m e r c u r i c  sulfate i n  a bobbin cell  will be capable of 

meeting the Objective I of this program,  and a design for  five-cell  

ba t te r ies  i s  being studied. 
I 
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INTRODUCTION 

The purpose of this  p rogram is to obtain 72-hour discharge at a 

specified power level over  the tempera ture  range of t 20"C  to 

-73"  C f rom ammonia electromotive ce l l s  by modification of 

p re sen t  Livingston ammonia bat tery designs.  

been per formed in  labora tory  test vehicles.  

comple'te ba t te r ies  utilizing liquid ammonia a s  the solvent had  

demonstrated exceptional ab i l i t y  over  a wide tempera ture  range. 

Some t e s t s  had 

Both single ce l l s  and 

The init ial  phase of this  work comprised effor ts  to construct  single 

ce l l s  capable of cyclic operation at 0 .  3 watts  p e r  cell  for  54 minutes 

and 1. 5 wat ts  p e r  cel l  fo r  6 minutes a l ternat ing continuously for  a 

72-hour per iod.  During this f i r s t  qua r t e r ,  p re l iminary  investigations 

w e r e  conducted in  labora tory  test  vehicles using magnesium anodes, 

25 weight p e r  cent KSCN in liquid ammonia electrolyte,  and th ree  

different cathodic mater ia l s :  meta-dinitrobenzene, r r l e r C i i i - i C  sulfate, 

and sulfur .  Since adequate discharge l ife is  the p r i m a r y  factor  i n  

this  f i r s t  objective, it is encouraging to r e p o r t  that  HgS04 2"s 

provided 103 hours  at -73°C under the requi red  cyclic load in  an  

inve r se  bobbin s t ruc tu re .  

P r i o r  to  the construction of cyclic load p rogram units, init ial  full 

s i z e  cel ls  w e r e  tes ted  under 1 0 0  fixed load to approximate the 

ave rage  of the cyclic load based on a nominal two volts p e r  cel l .  

Following the construction of cyclic load p r o g r a m m e r s ,  nominal 

loads  of 3 0  and 1552 w e r e  adopted f o r  full s i z e  cel ls  subject  to 

l a t e r  adjustment depending upon the actual  operating voltages and 

optimized utilization of the vehicle volume. 



-4-  

Two reusable cell  holders  of different geometry,  t e r m e d  vehicles ,  

w e r e  used  in the major i ty  of the t e s t s .  

The internal volume of the s lender  cylindrical  A-601 vehicle is 

24 inches3. 

the maximum net volume (permi t ted  by this cel l  vehicle) would 

r ep resen t  1. 25 watt hour s  p e r  cubic inch. 

a t tempt  the requirement  in l e s s  than this volume. 

Achievement of the specified 30 watt  hour output within 

The aim has  been to 

The internal volume of the sho r t  thick cylindrical  A-622 vehicle 

is  34 inches3. 

e lec t rodes  scaled down to one-fifth the total number indicated. 

The remainder  of the vehicle volume was blocked out with i n e r t  

solids,  and the nominal load res i s tance  inc reased  f rom the above 

3/15h to the range 10 /500  to 20/1000 f o r  meta-dini t robenzene 

and as high as  50/250a for  sulfur  in the s m a l l e r  A-606 vehicle.  

Despite the somewhat l a r g e r  volume of the A-622 vehicle, the 

lower density of meta-dinitrobenzene m a y  resu l t  i n  a higher 

energy p e r  unit weight than HgS04 above. 

This was  usually assembled  with f la t  para l le l  plate 

In addition to consideration of t h ree  cathodic ma te r i a l s ,  two types 

of cel l  construction w e r e  utilized. The solvated m e r c u r i c  sulfate 

was tes ted  i n  the bobbin s t ruc tu re  because of its intr insical ly  

g r e a t e r  cur ren t  handling capabili t ies.  

sulfur  w e r e  tested in  flat cel l  s t ruc tu res  to reduce cathode cu r ren t  

density and to provide fo r  the convenient instal la t ion of ion-exchange 

membranes .  

Meta-dinitrobenzene and 

Investigation of the use  of ion-exchange membranes  to extend the 

capabili t ies of the above cel l  types is a l so  under study. The 
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membrane  studies which have been completed with sulfur indicate 

that  the use  of e i ther  a cationic o r  anionic membrane  is detr imental  

when used  with sulfur.  

h a s  great ly  extended the performance of the Mg/KSCN:NH3/m-DNB: - 
NH4SCN. C cell.  

However, the u s e  of an anionic membrane  

In o r d e r  to p re sen t  the r a the r  substantial amount of data  involved 

in  the many cel ls  tes ted under varying conditions, a general  tabu- 

lation is presented in Table I, pages 9 through 17 .  The t e s t s  i n  

this table were  designed to determine the general  effects of numer-  

ous physical,  chemical,  and electr ical  var iables .  Replication was  

considered to be of secondary importance in  the initial r e s e a r c h .  

In the future,  confirmation of some of the pre l iminary  r e su l t s  will 

be necessa ry .  

f o r  the planning of future  experiments .  

b nrni ined - - --L- - -- according to t a sks  within Objective I. 

Many of these  data m a y  be considered a s  guide l ines  

The t e s t s  in this table a r e  
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QUANTITATIVE DESCRIPTION O F  PROGRESS - 

Single Cell Tes ts  

The f i r s t  goal was  to develop electrochemical  sys t ems  that  would 

mee t  the specified e lec t r ica l  requirements  of 0 .  3 watts p e r  cel l  

for  54 minutes and 1 .  5 watts pe r  cell  f o r  s ix  minutes,  cyclically, 

for  a total  of 72 hours  a t  -73°C without activated wet  stand. 

The bes t  single cel l  r e su l t s  obtained in  the first qua r t e r  w e r e  as 

follows: 

Cathode Bes t  Results Obtained Cell # 

1. Mercur i c  sulfate -73"C, 103  hours  7c 

2 .  meta-  Dinitrobenzene -55"C, 70 hours  2319 

3 .  Sulfur -55"C, 12 hours  2205 

In o r d e r  to p re sen t  the rather substantial  amount of data involved 

in the many cel ls  tes ted under varying conditions, a general  tabu- 

lation is presented in  Table I, pages 9 through 17. The t e s t s  i n  

this table w e r e  designed to indicate the general  effects of numer-  

ous physical,  chemical  and electr ical  var iab les .  To fur ther  define 

the individual t e s t s  conducted, the purpose,  design, resu l t s ,  and 

conclusions f o r  each cell  a r e  l i s ted  separately,  in  some detail ,  in  

the Appendix. 

in the same  o r d e r  a s  the logic of Table I. 

be considered as guide l ines fo r  the planning of future  experiments .  

The t e s t s  in  these tables a re  grslped according to tasks  within 

Objective I. 

These cel l  summar ies  a r e  a r r anged  for  convenience 

Many of these data  m a y  
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NOTES TO TABLE I 

'Load shown a s  A / B  represents  cyclic of A 0 for six minutes  
and B 0 for  54 minutes .  

2s. S .  = stainless  s tee l  ca se  
Ag. P .  S .  = si lver-plated steel  ca se  

3M- 1365 Webr-1; #50 Whatman f i l t e r  paper ;  o r  Whatman Extract ion Thimble 

4Based on two electron change fo r  meta-Dinitrobenzene 

5Finned and fluted, s ee  Figure 7 , page  43. 

Finned 
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I TABLE I 

ELECTROCHEMICAL 

Objective - I I 
T e s t Numb e r : 

Refer to Appendix, page: 

V e hi  c l  e; 

P e r c e n t  of Vehicle Volume Utilized: 

Configuration: 

Net Cell Volume (inches3) : 

Load C& ': 

Temperature:  

Hours  to  End Voltage: 

Anode ( AZ 3 1 B Magne s ium):  

Anode A r e a  cm2: 

Cathode: 

Cathode Collectar2: 

s epa ra to r  3: 

Ion Exchange Membrane: 

Ini t ia l  Open Circuit  Voltage: 

Initial Closed Circuit  Voltage: 

End Voltage: 

Initial Anode Current Density (mA/cm2)::<: 

Initial Cathode Collector Curren t  Density (mA/cm2)::: 

The0 r e ti cal Cathode Coulombs / g r am4: 

Observed Cathode Coulombs /g ram:  

Cathode Coulombic Efficiency: 

Watt Hours/Inch3 of Net Cell: 

*Based on the l ighter  load i f  cyclic.  

**175 g r a m s  HgSO, - 2"3 t 75 g r a m s  carbon.  

A 

Magnesium- 

2051 2078 

1 1 

A-601 A-601 

1 

A-6 0 1 8 
I 60 60 60 

Bobbin Bobbin Bobbin 

1 4 . 4  1 4 . 4  14. 4 

10 10 10 

I 24" C 4 0 "  t~ -73°C -73" C 

54 17 0 

Rod Rod Rod 

71 71 71 

Webril Webril Webril  

2. 29 2 "  35 1 .  85 

2.  08 2.  05 1. 82 

2 . 9  2 . 9  

1 . 0  

580 

1 . 0  

580 
I - - -  

580 

- - -  205 50 
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CELL TESTS 

Group A 

Mercur i c  Sulfate Couple 

2096 2166 7 c  1 c  6 C  8 C  2 c  3 c  

2 2 2 3 3 3 4 4 

8 A-601 A-601 A-601 A-601 A-601 A-601 A-622 A-622 

60 60 60 60 60 60 46 46 

Bobbin Bobbin Bobbin Bobbin Bobbin Bobbin ' Bobbin Bobbin 

1 4 . 4  1 4 . 4  1 4 . 4  1 4 . 4  1 4 . 4  1 4 . 4  1 6 . 4  1 6 . 4  I 10 3 /15  3 /15  10 10 501 250 10 10 

I 
24" C 24" C -73°C -73°C -73" c -73" c -55:c -73"  c 

Note5 Note5 Note5 ~ ~ t ~ 5  Note' Note5 Note 6 No te6 

87 

142 142 142 142 142 142 25 .6  25 .6  

33 103 24 72 168 9 24 

Webril  Webril  Webril  Webril Webril  Webril  Webril  W ebri l  

- - -  - - -  - - -  - - -  - - -  - - -  - - -  - - -  I 
2. 24 2 - 3 7  2. 20 2.20 2 .34  2. 30 2.  30 2. 24 

2. 19 2. 25 2. 15 2.  04 2. 25 2. 28 2. 13 1 . 7 2  

1 . 5 0  1 . 5 0  1. 50 1 . 5 0  1 . 5 0  1 .  80 1. 50 1. 50 

1 . 5  1 . 1  1 . 0  1 . 4  1 . 6  0 .  06 8. 3 6 . 7  

a 

1 l o o  
580 

0 . 7  

5 80 

0 . 7  

580 

1 . 0  

580 

1 . 1  

5 80 

0.  04 1 . 9  

5 80 580 

1 . 6  

580 

1 322 122 36 0 89 26 6 40 33 89 

5570 21% 6 2% 15% 46 70 7 70 6 % 1570 

2. 06 0 .  8 3  2.39 .52  1 . 7 7  0 .  29 0 . 3 3  0 . 4 3  
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Refer  to Appendix, page: 

Vehicle: 

P e r c e n t  of Vehicle Volume Utilized: 

Configuration: 

Net Cell Volume (inches3): 

Load R ': 
Temperature:  

TABLE I Continued 

4 4 4 4 

A-622 A-622 open cup open cup 

4670 46 To 
Bobbin Bobbin Bobbin Bobbin 

16 .  4 1 6 . 4  

- - -  - - -  

- - -  - - -  

3/15  50/250 200 200 

-73" C -73°C -55" c -55°C 

ELECTROCHEMICAL CELL TESTS 

Objective I Group A Continued 

Magnesium -Mercuric  Sulfate Couple 

Hours  to End Voltage: 

Anode (AZ31B Magnesium): 

T e s t  Number: 19C 1 o c  4 c #  5 c  

42 - - -  7 18 

Note' Note5 Exmet  Exmet  

Cathode : 

Cathode Collector': 

HgS04gcgc Hg S 0, * 9J Hgs04%*% H g S OaW 

Ag P. S .  Ag P. S. Graphite Graphite 

Anode Area  cm2: 125.6 25.6 - - -  - - -  

Ion Exchange Membrane: 

Initial Open Circuit  Voltage: 

- - -  - - -  - - -  - -  - 
2.  28 2. 30 2. 30 2.  38 

Separator  3: Thimble Thimble Webril  Webril  I 

Initial Closed Circuit  Voltage: 
3 

End Voltage: 

Initial Anode Cur ren t  Density (mA/cm2)::: 

Initial Cathode Collector C. D. (mA/cm2)  *: 
Theoretical  Cathode Coulombs/gram4: 

Observed  Cathode Coulombs/gram: 

Cathode Coulombic Efficiency: 

W a t t  Hours/Inch3 of Net Cell: 

2 .  15 2. 25 1 .45  2. 24 

1. 5 - - -  1 . 0  1 . 0  

5 .60  - - -  2. 98  4 . 3 5  

1.  30 - - -  3. 28 4 .84  

580 5 80 580 580 

134 - - -  21 80  

2370 - - -  4 To 1470 

0 .  85 - - -  - - -  - - -  

::Based on the l ighter load if  cyclic 

::::175 g r a m s  HgS04 - ZNH3 t 75 g r a m s  carbon 

*+7 g r a m s  of HgSO, 2NH3 

#94To liquid NH3 t 670 Toluene II 
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ELECTROCHEMICAL 

I Magnesium - 

Tes t  Nurnbtl r: 

Refer  to Appendix, page:  

V e hi  C' I e: 

Percen t  of Vehicle Volume Utilized: 

Configuration: 

Net Cell Volume (inches') :  

Load CI ': 
T em p E: r at t i  r t: : 

Hours  to End Vol tage :  

Anode (A231 B Magnesium): 

Anode A r e a  c m L :  

Cathode g r a m s  of HgSO, . 2NHj:  

Cathode g r a m s  of meta- Dinitrobenzene: 

Cathode g r a m s  of Sulfur:  

Cathode Collector2: 

Separa tor  3:  

Ion Exchange Membrane:  

Initial Open Circui t  Voltage: 

Initial Closed Circui t  Voltage: 

End Voltage: 

Initial Anode Current  Density ( rnA/cmL)+:  

Initial Cathode Collector Current Density (mA/cm')+: 

Theo r eti  c a1 Cathode Coulombs / g ram4 : 

Observed Cathode Coulombs / g r a m :  

Cathode Coulombic Efficienc.y: 

Watt Hours/Inch3 of Net Cell: 

*Based on lighter load i f  cyclic. 

2089 u 2057 2074 

5 5 5 

A-622 A-622 A-6 22 I 
20% <-. 20 70 < 20% 

Fla t  Cell Flat Cell Flat Cell 

5. 5 5.5 5 .  5 

2 0 /  100 20/  100 20 l100  

25" C 25" C 2 5 ° C  

42 SO 117 

Sheet Sheet Sheet 

I35 135 135 

- - -  - - -  - - -  
16. 2 16 .  2 16. 2 

1 
Whatman Whatman W h a t m a n  

- - -  - - -  - - -  

2 .  l a  2. 24 - - -  
2 . 1 5  2. 20 2 .  16 

8 1 . 7 0  1 .70  1 .  50 

0.. 16 0 .  16 0 .  16 

0.  16 0 .  16 0 .  16 

1150 1150 1150 

210 2ao 600 

1870 2470 5270 

If 0 . 4 3  0 . 4 3  1 .04  
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Continued I 
C E L L  TESTS - Objective I 

meta- Dinitrobenzene Couple 

Group B-2 Group B-3 
8 

Group B-4 Group B-5 

2128 2145 227 3 2300 2258 2290 2319 

5 6 6 6 7 7 7 

8 A-622 A-622 A-622 A-622 A-622 A-622 A-622 

2070 < 20% < 2070 < 20% < 2070 20% 2070 

1 Flat Cell Flat Cell Flat Cell Flat Cell Flat Cell Flat Cell Flat Cell 

4 . 0  4 . 0  4 . 0  4 . 0  4.  0 4 . 0  4 . 0  

20/100 10/50 10/50 10/50 10/50 10/50 10/50 

-55°C -55°C -73" c -73°C -73°C -73°C -55°C 

59 .3  32. 5 30. 0 15. 0 8 . 7  6 9 . 8  

She et Sheet Sheet Sheet She et Sheet 
I 94 

Sheet 

1 135 135 135 135 135 135 135 

W h a  tman Whatman Whatman Whatman Whatman Whatman Whatman 8 SB6407 SB6407 SB6407 SB6407 SB6407 SB6407 SB6407 

1 2.22  

- - -  2. 25 

2 .20  2.  2 4  

2. 31 

2. 28 

2. 18 

2 .11  

2. 36 

2. 20 

2. 28 

2. 27 

1. 50 1 .  50 1 . 5 0  1 .50  1 .  50 1.  50 1 .  50 

0 .16  0 . 3  0 . 3  0 . 3  0 . 3  0 . 3  0. 3 

0 .  16 

1 1150 

0 . 3  

1150 

0 . 3  

1150 

0 . 3  

1150 

0. 3 

1150 

0 . 3  

1150 

0 . 3  

1150 

518 6 28 285 285 155 83  784 e 4570 5570 2570 2570 1570 7 70 6 870 

1 . 2 0  1 .  52 0. 85 0. 80 0 .35  0.17 1 .  90 
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Te 8 t Number : 

Refer  to Appendix, page: 

V e  hicl e: 

P e r c e n t  of Vehicle Volume Utilized: 

Configuration: 

Net Cell Volume (inches3): 

Load ': 
Temperature:  

Hours to End Voltage: 

Anode (A2 3 1 B Magnesium): 

Anode Area cm': 

Cathode g r a m s  of HgSO, 2NH3: 

Cathode g r a m  8 of m e  ta - Dinitrobenzene : 

Cathode g r a m s  of Sulfur: 

Cathode Collector2: 

separator ' :  

Ion Exchang& Membrane: 

Initial Open Circuit  Voltage: 

Initial Closed Circuit  Voltage: 

End Voltage: 

Initial Anode Current  Density (rnA/cmL);%: 

Initial Cathode Collector C .  D (mA/cm2)*: 

Theoretical  Cathode Coulombs/gram4 : 

Observed Cathode Coulombs/gram: 

Cathode Coiilotnhic Effic.iency: 

Watt Hours/Inc 11' of Ntat Cell: 

TABLE I 

ELECTROCHEMICAL 

Magnesium-meta-Dinitrobenzene Couple 

Group B-6 

21 69 2190 2195 2224 

7 8 0 8 

A-6 22 A-622 A-622 A-622 

< 2070 < 20% < 20% < 20% 

Flat Cell Flat Cell Flat Cell Flat Cell 

4 . 0  4 . 0  4 . 0  4 . 0  

1 0 / 5 0  10/50 10/50 10/50 

-55°C -55°C - 55' c -55'C 

40. 3 33. 3 33.6 41. 5 

Sheet She e t  She et  Sheet 

135 135 135 135 

I 
I 
8 

I 
9 
I 
R 
t 

a 

~ ~ ~ ~ _ _ _  ~ ~ ~ -~ ~ _ _ _ _  

Whatman Whatman Whatman Whatman 

SRh407 SB6407 SF36407 SB6 407 

2.  03 2 .  17 2.  19 2. 25 

2 .  05 2. 07 2 . 1 0  2. 19 

1 .  50 1 . 5 0  1 .  50  1 .  50 

0 .  3 0 . 3  0.3 0.3 

0.3 0 . 3  0. 3 0. 3 

1150 1150 1150 1150 

0 . 7 8  0 .66 0.66 0 . 6 3  

*Bared on l ighter  load i f  c y c l i c .  
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CELL TESTS - Objective I 

Magnesium-Sulfur Couple Magnesium-Mixed Cathode Couples 

Group C Group D 

2205 2204 2209 2056 2129 21 36 2179 

9 9 9 10 10 10 10  

A-601 A-601 A-601 A-622 I A-606 A-606 A-606 

< 2070 < 2070 < 20% 6 0% 6 0% 7 070 2070 B Flat Cell Flat Cell Flat Cell Bobbin Bobbin Bobbin Flat Cell 

I 501250 501250 50/ 250 10 10 10 10150 

-55°C -55°C -55°C 24" C 24" C 24" C -55" c 

0.66 0 .66  0 .66  1 4 . 4  14. 4 1 4 . 4  4 . 0  

I 1 2 . 5  9. 5 7 . 7  1 . 0  0 26. 1 9 . 2  

Sheet Sheet Sheet Rod Rod Rod Sheet 

28 28 71 71 71 135 

26. 3 

- - -  
26. 3 

- - -  
3 . 2 3  

1 s. s. 
3 . 2 3  

s. s. 
3 . 2 3  

s. s. 
60 

s. s. 
60 

s. s. 

26. 3 

- - -  
- - -  

13. 0 

60 7 . 2  

Ag wi re  s. s. 
Whatman Whatman Whatman Whatman Webril  Webril  Whatman 

- - -  - - -  - - -  SB6407 - - -  SA6404 SB6407 

2. 18 2. 22 2 .11  2. 16 0 . 4  2 .12  - - -  
6 
1 2 .21  2 .10  2. 19 2. 28 0 . 1  2. 50 2 .00  

1.  50 1 .  50 1 .  50 1 .  50 1 .50  1 .  50 1 .  50 

0 . 3  0 . 3  0 . 3  - - -  - - -  3 . 5  0 . 3  

154 1 2,670 

114 

1 . 9 %  

95 

1. 5870 

0 .  39 0 .  28 0 .  24 - - -  - - -  0 . 6 4  0 . 2 1  
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In view of the favorable resu l t s  obtained f rom m e r c u r i c  sulfate, 

cu r ren t  efforts a r e  being concentrated on this  cathodic ma te r i a l .  

In the meta-dinitrobenzene (m-DNB) ce l l s  the flat-plate type 

of construction has  provided optimum resu l t s .  

sulfate cathode has  been investigated thus far only in bobbin 

configuration, but techniques for making flat-plate ce l l s  a r e  being 

developed. 

The m e r c u r i c  

Group A t e s t s  r e f e r  to the efforts a t  evolving a Mg/KSCN:NH3/ - 
HgS04 * 2NH3 bobbin cel l  ( s e e  Figure 1, page 21 and Figure  2, 

page 23) .  

A study of Table I indicates  that this sys t em shows much promise  

for  re la t ively good performance a t  -73" C and that a considerable 

proportion of the future  effort should be directed toward work with 

ammoniated HgSO, in both the bobbin and flat-plate configurations. 

Group B, fur ther  sub-divided below, s imi la r ly  t r e a t s  m-DNB in 

a f la t  cell  s t ruc tu re  designed to reduce electrode cu r ren t  density. 

The vehicle generally used  for  these t e s t s  was  assigned the 

number A-622 shown in Figures  2, 3, and 4, pages 23, 25, and 27. 

This chamber  is  capable of holding five para l le l  f la t  plate ce l l s .  

The t e s t s  of Group B l i s ted  in Table I a r e  single cel l  t e s t s  where  

80 p e r  cent of cell  volume was  blocked out with plast ic .  

cyclic load res i s tance  was  adjusted according to net cell  volume. 

The 

B-1. (Tes t s  2057, 2074, and 2089) This sub-group indicates that 

a cut-off voltage of 1 . 5  volts provides  a rea l i s t ic  t a rge t  for  

this cathodic mater ia l .  
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ASSEMBLY DRAWING O F  A-622 FLAT-PLATE CELL 

FIGURE 4 
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B-2. (Tes t s  2128 and 2145) A higher dra in  r a t e  reduced the life of 

the cell ,  but yielded a better coulombic efficiency. 

B-3. (Tes t s  2273 and 2300) The addition of 4 p e r  cent of s i lver  powder 

to the cathode improved the coulombic efficiency and doubled 

the run t ime.  Compare with No. 2258. 

B-4. (Tes t s  2258 and 2290) A reduction in  operating tempera ture  

f r o m  -55°C to -73°C appears  to have been responsible  fo r  

g rea t  reduction in  cel l  life and efficiency. 

No. 2145. 

Compare with 

B-5. ( T e s t  2319) The substitution of a s i lver  Exmet  cathector 

for  s ta inless  s t ee l  seems to have improved the cathodic 

efficiency and the run t ime. Compare with No. 2145. 

B-6. ( T e s t s  2169, 2190, 2195, and 2224) The purpose of this 

sub-group was  to verify the cathode mix ra t io  45:45: 10,  

m-DNB: carbon:  paper ,  respectively,  a s  an optimum for  this 

par t icu lar  cel l  and vehicle configuration. 

this ra t io  as optimum. Compare with No. 2145. 

The r e su l t s  confirm 

Group C. Three  cells (NOS. 2205, 2204, and 2209) w e r e  run a t  

-55°C using sulfur as the cathode reactant  in  the p re sence  of a n  

ac id  and a bas ic  membrane  separately.  

in  a third vehicle, designated A-606, which i s  defined in  F igure  5, 

page 31 e 

the A-606 vehicle is  even smal le r  than the A-622, a loading schedule 

of 50hz for  6 minutes and 250a for  54 minutes  was used to comply 

These t e s t s  w e r e  conducted 

Since only one-fifth of the volume was  utilized, and since 



i 

-31 - 

A-606 TEST CHAMBER 

FIGURE 5 
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with the specified power requirements .  

v e r y  inefficiently under these test  conditions; and the u s e  of ion- 

exchange membranes ,  both acid and basic ,  proved to be detr imental .  

Sulfur appears  to pe r fo rm 

Group D. (Nos .  2056, 2129, 2136, and 2179) Group D compr ised  

ce l l s  tes ted in  both the A-601 vehicle and the A-622 vehicle fo r  the 

purpose of examining mixed cathodes, i. e .  , sulfur : m e r c u r i c  

sulfate and meta-dinitrobenzene : sulfur mixtures .  

of the S: HgS04 sys t em s e e m s  to be much l e s s  than that  of HgS04: 2NH3, 

and the mixture  of m-DNB and sulfur i s  definitely infer ior  to m-DNB 

alone ( s e e  No. 2145). 

- 
The capability 

Considerably m o r e  t e s t s  w e r e  run, but difficulties with sealing at 

- 7 3 ° C  have resul ted in  the lo s s  of many of these t e s t s .  

of leakage was  par t icular ly  damaging to an  initial s e r i e s  of active 

wet stand t e s t s  . 

The problem 
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MERCURIC SULFATE CELL PROCEDURE AND DISCUSSION 

In o r d e r  to evaluate the 72-hour low tempera ture  potentiali t ies of 

the m e r c u r i c  sulfate system (Mg/ZS%KSCN: NH3/HgS04 - ZNH3), new 

designs in cell  construction were considered to obtain init ial  p e r -  

formance .  

were  constructed to increase  the effective anode sur face  a r e a  p e r  

volume of solid e lectrodes ( s e e  F igu re  7,  page 43). Satisfactory 

and uniform activation was  obtained with the ce l l s  t es ted .  These 

ce l l s  w e r e  of the bobbin configuration and a r r anged  in a cylindrical  

fashion with the anode in the middle of the cathode mixture .  The 

inside sur face  of the s tee l  t e s t  vehicle acted as the cathector .  

Webril  paper ,  No. 1365M, was used to sepa ra t e  the anode f r o m  

the cathode components. See Figure 1, page 21. 

Finned-fluted and multiple-channeled magnesium anodes 

The top of the Mg anode contained a small copper r ive t  to which 

was  soldered a s i lver  wi re .  A piece of polyethylene tubing was  

placed around the s i lver  w i re  for insulation. 

applied around the soldered joint and polyethylene tubing f o r  

insulation of the joint f rom the KSCN-NH3 electrolyte.  

pape r  (two l a y e r s )  was wrapped around Mg anode and sealed 

with acetone. 

Epoxy was  then 

Webril 

A 7 : 3 ra t io  of HgSO, - ZNH3 and Dixon a i r - spun  carbon was  ball-  

mi l led  for  two hours .  This mix was packed around the insulated 

Mg anode. 

of carbon,  along with 25 grams of KSCN w e r e  uti l ized. 

In these cel ls ,  175 g r a m s  of HgSO,. 2NH3 and 75  g r a m s  

Following installation of the cells within vehicles,  the vehicle and 

contents were  evacuated to l e s s  than 0. 5 mm of Hg total p r e s s u r e .  
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Each cel l  was  activated with liquid ammonia at +200 pounds p e r  

square  inch argon p r e s s u r e  at room tempera ture  and discharged 

under load a t  the prese lec ted  temperature  ( s e e  schematic ,  

F igure  6,  page 39).  P r i o r  to ohmic loading, the ce l l s  w e r e  

allowed to remain  on open circuit  voltage in  the cold t empera -  

t u r e  chamber  until thermal  equilibrium was reached.  

the r e l ease  of excess  hea t  within the cell  during activation with 

liquid ammonia,  pre-ammoniated m e r c u r i c  sulfate (HgS04 * 2NH3) 

was used as the cathode depolar izer  r a the r  than unsolvated HgSO,. 

P r i o r  to activation, each cell  was tes ted fo r  l eaks  in  a wa te r  bath 

using 600 pounds p e r  square inch gauge of argon gas .  

To prevent  

Pos t -mor t em examinations of the magnes ium-mercur ic  sulfate 

ce l l s  revealed that  reasonably uniform cor ros ion  of the finned- 

fluted anodes had occurred  during the electrochemical  discharge 

per iod .  

a f t e r  discharge.  

See F igure  7 ,  page 43 ,  fo r  p ic tures  taken before and 
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-FROM HIGH 
PRESSURE 
ARGON S U m Y  

ARGON, 200 RS.1. 
350 mL. STAINLESS 
STEEL LECTUE T 

STAINLESS STEEL VALVE - 
B TUBING (3) 

-+. - FROM VAGUUM 
AND/OR BLEED 

TEST VEtilCLE 
SEPARATOR (WEBRIL) 

CATHODE MIX 

SCHEMATIC OF THE MANIFOLDING O F  THE A-601 TEST VEHICLE 

FIGURE 6 
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META-DINITROBENZENE AND SULFUR CELLS 
PROCEDURE AND DISCUSSION 

I_ 

Investigations of the sys t ems  Mg/KSCN: NH3lm-DNB: NH,SCN: - 
C : paper  and Mg/KSCN: NH3/S: C : paper  w e r e  l imited to f la t  cell  

designs because pas t  experience with these couples h a s  indicated 

that  they do not pe r fo rm efficiently in  the bobbin configuration at 

the higher  dra in  ra te .  

PREPARATIONOF T H E F L A T  CATHODEPADS 
(ME TA- DINITROBENZENE) 
-- 

The composition of the cathode is predetermined to mee t  the 

requi rements  of the des i r ed  tes t .  

The var ious ingredients a r e  weighed in  the c o r r e c t  proport ions 

and placed into the blender j a r ,  water  added, and blended fo r  

five minutes.  

The result ing s l u r r y  is molded into a shee t  on a Williams Sheet 

P a p e r  machine.  

shee t  with a cutting rule  die, dr ied,  sal ted with NH,SCN solution, 

and re -dr ied .  The separator  paper  is sal ted with KSCN solution 

and dr ied.  

Individual cathode pads a r e  then cut f rom the 

Following installation of the ce l l s  within vehicles ,  the vehicle and 

contents were  evacuated to l e s s  than 0. 5 mm of Hg total p r e s s u r e .  
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FIGURE 7 
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The ce l l s  w e r e  activated with liquid ammonia t 400 pounds p e r  

square  inch gauge argon p r e s s u r e  under load. 

the cyclic load was  used, the cells w e r e  activated during the low 

d ra in  portion of the cycle.  

In all c a s e s  where  

In o r d e r  fo r  a membrane  to perform,  it is mandatory that positive 

edge sea l s  be made .  Otherwise, ionic migra t ions  m a y  take place 

around the membrane; and its contribution to cel l  performance will 

be negated. 

Membrane t e s t s  f o r  this  quar te r  have been confined to flat  cel l  

s t ruc tu res  because prac t ica l  techniques have been developed at 

this facility for  sealing them into this type of cel l .  

One cathode membrane  combination that  has  shown promise  is  

Mg/KSCN: NHS/m-DNB : NH4SCN: C :  paper  utilizing s t rong base  

membrane  SB 6407 (anionic) a s  shown in F igure  4, page 27. 

The purpose of a n  anionic membrane in  these ce l l s  is to allow 

f r e e  t ransference  of anions ([SCN]') and to inhibit t ransfer  of 

cations ([Mg]++, [NH4+], and [K]+). 

Since this cel l  exhibits superior  performance with the membrane ,  

it may  be postulated that exclusion of magnesium and /o r  potassium 

ions f rom the catholyte and exclusion of ammonium ions f rom the 

anolyte a r e  beneficial. 
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ELECTROLYTE 

Based on a previous knowledge of the specific conductance of KSCN 

i n  liquid ammonia,  25 weight per  cent  (%5.5 mol p e r  cent)  KSCN 

was  selected as the s tandard t e s t  e lectrolyte  for  all  t h ree  couples. 

The specific conductances of various KSCN concentrations in  liquid 

ammonia at -40" C, -50" C, and -60" C a r e  presented  in  Figure 8. 

page 49. 

Since the ce l l s  tes ted to date have been activated with ammonia,  

r a t h e r  than completed electrolyte,  the requisite salt has  been 

incorporated within the c e l l  s t ruc ture .  

ce l l s ,  some of the KSCN was  replaced with NH,SCN t o  provide a 

m o r e  favorable media  with respec t  to the cathode. 

In the meta-dinitrobenzene 
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WORK TO BE DONE -- 

In the second qua r t e r ,  a ma jo r  effor t  will be concentrated on com-  

pleting Art ic le  I, Phase  I, Parag raph  B. 4 of the Scope which s ta tes  

that at l e a s t  t h ree  five-cell  ba t te r ies  shal l  be tes ted  at each temp- 

e ra ture :  +2O"C, -2O"C, -4O"C, -73"C, and -90°C  i f  feasible .  

The units shall  be discharged at 1. 5 wat ts  for  54 minutes  and 7 .  5 

wat t s  fo r  6 minutes alternating continuously fo r  7 2  hours .  

Despite the fac t  that the major  object+ of this p rogram do not 

include a consideration of the cell  container,  the problem of 

leakage at -73°C indicates that a n  improvement in  the sealing 

technique o r  the elimination of the need for  sealing the low temp- 

e r a t u r e  ce l l s  is required.  Both paths of action a r e  being actively 

investigated, and a plast ic  bat tery case  i s  being evolved, expecially 

fo r  the continuation of r e sea rch  with HgSO, bobbin ce l l s .  

complete presentat ion of the subject of cell  t e s t  vehicles will be 

provided in a subsequent repor t .  

A m o r e  

Since the HgSO, cathode in  the fo rm of a bobbin yielded the bes t  

performance,  it will  a l so  be tes ted in f la t  ce l l s  in  o r d e r  to r e -  

duce c u r r e n t  density and to permi t  the convenient u se  of ion- 

exchange membranes .  Mercuric  sulfate is stable in contact 

with many organic l iquids.  Therefore,  flat cathode d i sc s  will 

be formed as paper  f rom a s lu r ry  of m e r c u r i c  sulfate,  graphite 

and paper  pulp in  a medium petroleum dis t i l la te .  

Selected first qua r t e r  t e s t s  wi l l  be repeated to observe  r e p r o -  

ducibility and to confirm cer ta in  tentative conclusions s 
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Ion-exchange membrane  studies will be conducted with both the 

mercu r i c  sulfate and meta-dinitrobenzene cathodes.  

In accordance with the requi rements  of Art ic le  I, P h a s e  11, P a r a -  

graphs C. 1 ( a ) ,  (b),  and ( c )  of the Scope, the study of active wet 

stand, Objective I1 of this  p rogram,  will be init iated during the 

second qua r t e r .  
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- A P P E N D I X -  

ELECTROMOTIVE CELL TESTS - OBJECTIVE I 

Refer to Table I 
Pages  through 

GROUP A - MAGNESIUM-MERCURIC SULFATE CELLS 

Tes t  No. A 

Purpose:  To design a Mg/25'%KSCNNH3/HgS04 - 2NH3 cel l  
with a 72-hour discharge at room tempera ture .  

Design: Bobbin 

Results:  This cell  was  discharged at a constant load of 10  Q 
f o r  54 hours  until a voltage of 1 .5  was  reached.  A 
cathode efficiency of 3570 w a s  obtained. 

The geometry and s i ze  of A-601 chambers  appeared 
to be promising for construction of long-discharge 
single cel ls .  

Conclusions: 

Tes t  No. 2051 

Purpose:  To determine the effect of increased  compactness  of 
cathode mater ia l  upon cell performance.  

Design: Bobbin 

Results:  Cell r a n  only 17 hour s  to 1.8vat a constant load of 
1 0 0  because it was  only par t ia l ly  activated due to 
the decreased  porosi ty  of cathode mixture .  The 
pos t -mor tem examination indicated that only the 
upper thi rd portion of the cel l  was  completely satu-  
zstcal ~ i t h  ammoniat 

Conclusions: P r e s s u r e  grea te r  than 2 , 0 0 0  pounds p e r  square  inch 
should not be used in  press ing  the cathode mix into 
the final bobbin assembly .  

T e s t  No. 2078 

Purpose:  To determine the effect of low t empera tu re  ( - 7 3 "  C) 
on the cell  performance.  

Design: Bobbin Continued on next page 
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Test  No 2078 Continued 
l_-l_-_ 

Results:  Cell did not activate 

Conclusions: Fa i lu re  was due to an internal short  between anode 
and cathode 

Tes t  N o  2096 -_--- 
Purpose :  To improve the activation t ime To inc rease  the 

cel l  efficiency by increasing the effective anode 
sur face  a r e a  

Design: Bobbin 

Results.  Cell r an  8 7  hours to 1 5 volts at a constant load oi 
loa It activated immediately and a 55 p e r  cent 
cathode efficiency was  o b t a ~ n e d  This c e l l  was  
identical to Cell A except for  the anode designo 

Finned-  fluted Mg anode provided for  rapid activa- 
tion and for  an  i nc rease  in ;he cell efficiency 

Conclusions: 

T e s t  No. 2166 --- 
Purpose:  To determine the effect of cyclic loading on the ce l l ' s  

electrochemical discharge charac te r i s t ic  s 

Design: Bobbin 

Results:  The cell  voltage was above 1. 5 fo r  3 3  hours  during 
the 3Q portion of the cycle.  The voltage was  L o  18 
f o r  the 1 5 h l  loading per jod.  
to discharge f o r  65 hours  at which time the respec-  
tive high and low voltages w e r e  1 90 and 1 35 

The c e l l  was  allowed 

Conclusions: A comparison w i t h  No Z C 9 6  shcws that a constant 
lOG load yielded 87 hours  ve r sus  3 3  hours  under 
cyclic loading 

Tes t  No 7 C  

Purpose:  To determine the effects of cyclic ohmic loading on 
the c e l l ' s  discharge cha rac t e r i s t i c s  at low t empera tu re ,  

Design: Bobbin 

Results:  Cell ran  1 0 3  hours to 1 5 volts I t  w a s  identical  in  
design to Cell N o  2166. This cell  exceeded the 

Continued on next page 
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GROUP A - MAGNESIUM-MERCURIC SULFATE CELLS Continued 

Tes t  No. 7C Continued 

Conclusions: 

T e s t N o .  1C  

Purpose:  

Design: 

Re s ult s : 

Conclusions: 

Tes t  No. 6C  

Purpose:  

Design: 

Results:  

Conclusions: 

T e s t  No. 8C 

Purpose :  

Design: 

Results:  

Conclusions: 

specified power level and Time required fo r  a single 
cel l  by this contract  

Good performance, cathode efficiency of 62 p e r  cent 
was  obtained 

To determine the effect of low tempera ture  on the 
cathode efficiency under a heavy load. 

Bobbin 

Cell r an  only 24 hours  to 1 I 5 volts at constant load 
of l o l l  

Butyl rubber  "0" rings a r e  not suitable at -73°C.  

Electrolyte leaked f rom cell .  

To determine the effectiveness of silicone rubber  
110'1 rings a t  - 7 3 ° C .  

Bobbin 

Cell r a n  72 hours to 1 .  5 volts at constant 1 0 0  load. 
Some leakage of electrolyte was  still encountered. 

Silicone rubber "0" r ings  are  slightly bet ter  than 
butyl rubber  

To determine the low discharge ra te  capacity of the 
rnercuric  sulfate system a t  -73 'C.  
functional life of silicone "0" rings at -73°C in  an 
amrhonia - KSCN atmosphere 

Bobbin 

The electrochemical sys tem Mg/25%KSCN:NH3/ - 
HgSO, 0 2NH3 w a s  capable of performing fo r  seven 
days at low cyclic dra in  r a t e s  (50 0 /25051) to 1 e 8 
volts 0 

To establ ish the 

This system has  excellent stability at low dra in  
r a t e s  for extensive periods of t ime.  
"0" ring plus Teflon tape provided a n  excellent sea l .  

The silicone 
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GROUP A - MAGNESIUM-MERCURIC SULFATE CELLS Continued 

Tes ts  No. 2C and 3C 

Purpose:  To evaluate A-622 type chamber  for  construction of 
single cel ls  with 72-hour discharge.  To determine 
the effect  of a decreased  anode a r e a  on cel l  per form-  
ance.  

Design: Bobbin 

Results:  Channeled anode was  not suitable.  

Conclusions: A decreased  anode surface a r e a  was  not conducive 
to  a 72-hour cel l .  

Tes t s  No. 9C and 1OC 

Purpose:  To fur ther  evaluate the A-622 vehicle as a chamber 
fo r  construction of single cel ls  with a 7’2-hour dis-  
charge  

Design: Bobbin 

Results:  No. 9C r a n  only 42 hours  to 1 .  5 volts under cyclic 
loading. No. 1OC did not run. P o o r  f o r  bobbin 
configuration. 

Conclusions: The A-622 chamber was  not found suitable for  con- 
s t ruct ion of 72-hour bobbin type ce l l .  

Tes t s  No. 4C and 5 C  

Purpose:  P re l imina ry  investigation of the effect of i ne r t  
misc ib le  solvents on the physico-chemical proper t ies  
of KSCN-NH3 solutions 

Design: Bobbin 

Re  s ul t s Lnc onc lu s iv  e 

Conclusions: None 
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GROUP B - MAGNESIUM-META-DINITROBENZENE CELLS 

Sub-Group B-1 Reduction in  End Voltage 

T e s t  No. 2057 

Purpose:  Tes t  cathodic efficiency of the sys t em Mg/KSCN: - 
NH3/m-DNB : C at 80 p e r  cent voltage regulation. 

Design: Flat Cell 

Results: Cell r an  42 hours to  1 . 7  volts 

Conclusions: None 

T e s t  NO. 2074 

Purpose:  Replicate of Test  No. 2057 

Design: Flat Cell 

Results:  Cell r an  50 hours t o  1 .  7 volts.  

Conclusions: 80 per cent regulation resu l t s  in e 2 4  p e r  cent 
cathodic efficiency. 

Tes t  NO. 2089 

Purpose:  Tes t  cathodic efficiency of the sys tem Mg/KSCN: - 
NH3/m-DNB: C at 70 p e r  cent voltage regulation. 

Design: Flat cell 

Results:  Cell ran  117 hours to 1 .  5 equivalent to 52 p e r  
cent cathodic efficiency e 

Conclusions: Wider voltage regulation resu l t s  in a ve ry  high 
gain in cathodic efficiency in  this sys t em.  See 
Tes t  Nos. 2057 and 2074. 

Sub-Group B-2 Variation of Drain Rate  

Tes t  No. 2128 

Purpose :  Test  the effect of Gelman SB6407 on the sys tem 
Mg/KSCN: NH3/m-DNB:NH4SCN: C under cyclic 
load of 2 0 /  100 i 6  

Design: Flat Cell 

Results: Cell r a n  9 4  hours to 1 ;  5 volts.  

Conclusions: None 
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GROUP B - MAGNESIUM-META-DINITROBENZENE CELLS Continued 

Sub-GrouD B-2 Variation of Drain Rate  Continued 

Tes t  No. 2145 

Purpose:  Tes t  the effect of SB6407 a t  double the d ra in  r a t e  of 
Tes t  No.  2128 (cyclic load of 10/5061) .  

Design: Flat Cell 

Results: 

Conclusions: 

Cell r an  59.  3 hours  to 1 .  5 volts.  

Addition of strong base  membrane  to this sys t em i s  
m o r e  beneficial a t  higher dra in  r a t e s .  
efficiencies were obtained. 

Higher coulombic 

Sub-Group B-3  Effects of Silver Powder  

Tes t  No. 2273 

Purpose :  Tes t  the effect on cell  per formance  a t  -73°C when 
s i lver  powder constitutes 4 p e r  cent of the cathode 

Design: F l a t  Cell 

Results: Cell r an  32* 5 hours  to 1 .  5 volts. 

Conclusions: Repeat t e s t<  

Tes t  No. 2300 

Purpose:  Replicate of Test No.  2273 

Design: Flat Cell 

Results: Cell r a n  30 hours to 1 .  5 volts.  

Conclusions: Addition of si lver powder to cathode to inc rease  
conductivity seems  to enhance per formance .  
T e s t  No. 2258 on the following page. 

See 
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GROUP B - MAGNESIUM-ME TA-DINITROBENZENE CELLS Continued 

Sub-Group B-4 Effects of Reduced TemDerature 

Tes t  No. 2258 

Purpose:  Tes t  capability of the system Mg/KSCN NH3 /m-DNB:C 
a t  -73" C. 

Design: Flat Cell 

Results:  Cell r a n  15 hours to 1. 5 volts.  

Conclusions: System capability s eems  to be dep res sed  at this temp- 
e ra tu re .  See Tes t  No. 2145 which r a n  5 9 . 3  hours  
at -55" C. 

Tes t  No.  2290 

Purpose:  Replicate of Tes t  No. 2258 

Design: F la t  Cell 

Results:  Cell r a n  8.  7 hours to 1 .  5 volts. 

Conclusions: Leaking chamber contributed to sho r t  run t ime 

Sub-GrouD B-5 ComDarison of Silver Exmet  ve r sus  Stainless  Steel Sheet 

Tes t  No. 2319 

Purpose:  Tes t  effect of s i lver  Exmet cathector v e r s u s  standard 
s ta inless  steel  sheet  cathector.  

Design: Flat Cell 

Results:  Cell r a n  69.  8 hours  to 1 .  5 volts.  

Conclusions: Cell per forms bet ter  with Silver Exmet  cathector.  
See Tes t  No. 2145, page 6 of this  Appendix, which 
r a n  59. 3 hours .  

Sub-Group B-6 Variation i n  Cathode Mix Ratio 

T e s t  No. 2169 

Purpose:  Tes t  the effect of shifting the mix rat ion of m-DNB:C: - 
paper  f r o m  45 : 45 : 10 to 38 : 58 : 4. 

Design: F la t  Cell 

Results:  Cell operated 40. 3 hours  to 1 .  5 vol ts .  

Conclusions: This mix ratio infer ior  to s tandard.  See Tes t  No. 
2145 which r;rn 59- 3 hours .  
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GROUP B - MAGNESIUM-META-DINITROBENZENE CELLS Continued -- - 
~ 

Sub-Group B-6 Variation in Cathode Mix Ratio Continued 

Tes t  No, 2190 

Purpose:  Tes t  the effect of shifting the mix rat io  to 54:  40:  6 .  

Design: F la t  Cell 

Results: Cell operated 3 3 .  3 hours  to 1. 5 volts.  

Conclusions: As above. See Tes t  No. 2145, page 6 of this Appendix. 

T e s t  No.  2195 

Purpose:  Tes t  the e f fec t  of shifting the mix rat io  to 59: 3 6 :  5.  

Design: Flat Cell 

Results: Cell operated 3 3 . 6  hours  at 1 .  5 volts.  

Conclusions: As above. See T e s t  No. 2145. 

T e s t  No. 2224 

Purpose:  Replicate of Test  No.. 2195. 

Design: Flat Cell 

Results: Cell operated 41. 5 hours  to 1 .  5 vol ts .  

Conclusions: As above See Tes t  No. 2145. 
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GROUP C - MAGNESIUM-SULFUR CELLS 

Tes t  No. 2205 

Purpose :  Tes t  effects of ion-exchange membranes  on operating 
charac te r i s t ics  of the Mg/KSCN:NH3/S: C sys tem.  
This cel l  i s  the control,  - i .  e . ,  contains no membrane .  

Design: Flat Cell 

Results: Cell ran 1 2 ,  5 hours  to  1 5 volts 

Conclusions: None 

Tes t  No. 2204 

Purpose:  Tes t  effect of Gelman Stmng Acid 6404 membrane  
on the sys tem Mg/KSCN:NH3/S:C. 

Design: F la t  Cell 

Results:  Cell ran  9.  5 hours to  1 .  5 volts.  

Conclusions: Cell operates  be t te r  without strong acid membrane .  
See Test NO, 2205 above. 

Tes t  No. 2209 

Purpose :  Test  effect of Gelman Strong Base 6407 membrane  
on the system Mg/KSCN:NH3/S:C. 

Design: Flat Cell 

Results:  Cell r an  7 .  7 hours  to 1 .  5 volts.  

Conclusions: Cell operates  be t te r  without strong base  membrane .  
See Tes t  No. 2205 above. 
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GROUP D - MAGNESIUM-MIXED CATHODE CELLS 
~~ ~~ 

Test  No. 2056 

Purpose:  Tes t  operating cha rac t e r i s t i c s  of the sys tem Mg/KSCN: - 
NH3 / S:  HgSO,: C e 

Design: Bobbin 

Results:  Cell failed after one hour .  Cause of fa i lure  unknown. 

Conclusions: Repeat tes t .  

Tes t  No. 2129 

Purpose:  Same as Test No. 2056 

Design: Bobbin 

Results: Cell failed to activate.  Cause of failure unknown. 

Conclusions: Repeat t e s t .  

Test  No. 2136 

Purpose:  Same as Test No. 2056 above 

Design: Bobbin 

Results:  

Conclusions: 

Cell operated 26. 1 hours  to 1 .  5 volts.  

The capability of this sys tem is considerably l e s s  
than that of the m e r c u r i c  sulfate sys tem.  

Tes t  No. 2179 

Purpose:  Tes t  operating charac te r i s t ics  of the sys tem Mg/KSCN: - 
NH3/m-DNB:S: C. 

Design: Bobbin 

Results:  

Conclusions: 

Cell operated 9 .  2 hours  to 1 .  5 volts.  

This combination of depolar izers  is infer ior  to m-DNB 
alone. See Tes t  No ,  2145 , page 6 of this Appendix. 


