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NOTICE 

This repor t  was prepared as an account of Government sponsored 
work. Neither the United States, no r  the National Aeronautics and 
Space Administration (NASA), nor any person acting on behalf of 
NASA: 

A,) Makes any warranty or representation, expressed o r  
implied, with respect  to  the accuracy, completeness, o r  
usefulness of the information contained in  this report ,  
o r  that the use  of any information, apparatus, method, 
o r  process  disclosed in  this report  may not infringe pri- ..- *&e!y GY.pned rights; or 

B. ) Assumes any liabilitieswith respec t  to the use  of, or for 
damages resulting from the use  of any information, ap- 
paratus ,  method o r  process  disclosed in this report .  

As used above, "person acting on  behalf of NASA" includes any e m  
ployee o r  contractor of NASA, or  employee of such contractor,  to 
the extent that such empioyee u r  c ~ i l t r ~ ~ t o r  oi NASA, or ezr:p:~yez 
of such contractor prepares ,  disseminates,  o r  provides access  to, 
any information pursuant to his employment o r  contract  with NASA 
o r  h i s  employment with such contractor.  

Requests for copies of this report  should be r e fe r r ed  to 

National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washington, D. C. 20546 
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DEVELOPMENT O F  HIGH ENERGY DENSITY 
PRIMARY BATTERIES 

S .G.  Abens 
T . X .  Mahy 
W .  C. Merz  

ABSTRACT 

Electrolyte  and electrode studies for the development of high energy lithium- 
copper fluoride cel ls  were  conducted. Vacuum distillation of propylene c a r -  
bonate and butyrolactone reduced the water  content significantly. 
of CuF, in  butyrolactone was enhanced by the presence of water  and by dis-  
solved LiC10,. Studies of CuF, purity were  undertaken. Electrochemical 
efficiency of pr i smat ic  CuF, electrodes of various thicknesses was determined. 

Solubility 
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I. 1 

1. SUMMARY 

Studies of electrolytes,  electrode mater ia ls ,  and electrode and cell construction 
were  conducted toward the development of high energy density CuF,-Li p r i m a r y  
ce l l s .  

Electrolyte Systems Studies. 
solutions of LiClO, i n  BL was  studied. 
of 500 to 2500 hours  with the t e s t  liquid, and the ex t rac t  was t i t ra ted with the 
Karl  F ischer  reagent.  
enhanced by both water  contamination and by LiC10, i n  solution. 

The solubility of CuF, i n  butyrolactone (BL) and 
The copper salt was  contacted for  per iods 

These prel iminary t e s t s  showed that CuFz solubility is  

Vacuum distillation of propylene carbonate and butyrolactone was performed.  
After a single batch distillation, water  content was reduced f rom 580 to 120 ppm 
in  propylene carbonate, and f rom 510 to 140 ppm in  butyrolactone. 
study of solvent purification by distillation is in  p rogres s .  

Fu r the r  

Posit ive Electrode Studies. 
was studied by the X-ray diffraction method. 
with CuF,. 2H,O ranged f rom 0 . 8  to 22.0 percent  (0.  2 - 5 . 8  percent  water ) .  
Methods for  the removal of the water  contamination by various methods was under 
study . 

The purity of CuF, received f rom severa l  suppl iers  
Contamination of the var ious samples  

The effect of thickness of f i l t e r -mat  CuF, electrodes was studied over the thick- 
nes s  range of 0 .05  to 0. 15 inches by discharging t e s t  cells  in  methyl formate  
and propylene carbonate electrolyte at 2 mA/cm2 and 1 mA/cm2,  respectively.  
The electrochemical efficiency of the CuF, electrodes was generally found to be 
independent of electrode thickness. The significance of this t e s t  s e r i e s  was  r e -  
duced by generally poor cell  performance a s  compared with other recent  cell  
t e s t s  with equivalent construction and under s imilar  t e s t  conditions. 

Cell Systems Studies. 
charge a t  relatively high drain r a t e s  (1-20 hour discharge range).  
e lectrodes had the f i l t e r -mat  construction developed on the previous contract, 
and cell  construction was  similar to that of the prototype cel ls .  
loads of 2.  5 to 20 ohms, poor voltage regulation resulted with both LiClO,-MF 
and LiC10,-PC electrolytes .  
20-ohm loads showed discharge plateaus above a cell  potential of 2 . 0  volts.  

Three-plate CuF,-Li cells were  tes ted for  ability to dis-  
The CuF, 

With discharge 

Only cells with methyl formate electrolyte and 
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2.  INTRODUCTION 

The purpose of this program is the development of high energy p r imary  bat tery 
sys tems suitable for  space flight applications. Two types of bat ter ies ,  differing 
in  the ra te  of energy delivery, a r e  being sought; these being (1) bat ter ies  operating 
at the 100-1000 hour discharge r a t e  and capable of delivering 200 watt  hours  p e r  
pound, and ( 2 )  bat ter ies  operating a t  the 1-10 hour discharge ra te  and capable of 
delivering 50 watt  hours  pe r  pound at the 1-hour discharge ra te .  
repor t  descr ibes  the p rogres s  of the program during the f i r s t  quarter ly  reporting 
period, 22  June to 21 September 1965. 

The p resen t  

The work descr ibed in  the present  report  is a d i rec t  continuation of the previous 
program conducted under contract  number NAS 3-6004. 
studies of mater ia l s  and electrode construction methods toward the development 
of high energy p r imary  bat ter ies  were  conducted. Lithium was chosen as the 
mos t  desirable  negative electrode mater ia l ,  and severa l  electrolyte solvents, 
which were  relatively stable in presence of lithium and formed adequately con- 
ductive electrolyte solutions, were  identified. Posit ive electrode construction 
methods for  high degree of active mater ia l  utilization were  developed, mos t  
of the work being performed with CuF, a s  the active mater ia l .  
year ly  contract  period, prototype cells were  constructed and discharged. Energy- 
to-weight ra t ios  of over 500 watt hours p e r  pound of active mater ia l  weight and 
200 wat t  hours  pe r  pound of cell weight w e r e  obtained with the system CuF2/ 1.4M 
LiC10, i n  propylene carbonate/Li  a t  a cur ren t  density of ca .  0 . 5  mA/cm2,  equi- 
valent to the ca .  250-hour ra te .  

During this period, 

At the end of the 

Although high energy-to-weight ratios for  the Li-CuF, system have been demon- 
s t ra ted,  severa l  conditions mus t  be resolved before pract ical  bat ter ies  can be 
built and operated.  These problems do not apply equally to the 100-1000 hour 
and 1 - 10 hour bat ter ies  because of the different discharge r a t e s  involved and the 
possibil i ty of employing r e se rve  activation for  the 1-10 hour battery.  
the following applies to the system i n  i t s  p re sen t  s ta te  of development: 

In general ,  

1 .  The shelf life character is t ics  of Li-CuF, cells a r e  poor. 
propylene carbonate electrolyte, shelf life appears  to be l imited 
by the dissolution of the CuF, electrode. 
electrolyte,  shelf life appears to be l imited by the chemical action 
of the electrolyte on the lithium electrode. 

With 

With methyl formate 
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2. Presence  of water  in  the cell is  detrimental  to the shelf life 
capability of the cel ls .  
of CuF, in  addition to increasing the ra te  of chemical attack on 
the lithium metal .  

Water appears  to accelerate  the dissolution 

During the pas t  quarter ,  the contractural  effort was  aimed mainly at the r e -  
solution of the above problems.  
and analysis of the electrolytes and the positive active mater ia l  (CuF,). Both 
distillation and chemical t reatment  were  employed for  the solvents (propylene 
carbonate and butyrolactone). The main objectives of this work were  the re- 
moval of water  f rom the mater ia l s  and study of the effects on cell performance.  
In addition, work was initiated for  the development of thin positive electrodes 
needed for the construction of the 1 - 10 hour battery.  

Efforts were  expended toward the purification 
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3. DESCRIPTION OF EXPERIMENTAL WORK 

3 . 1 .  ELECTROLYTE SYSTEMS STUDIES 

3. 1 .  1.  Study of Solubility of CuF, in  Butyrolactone 

The ra te  of dissolution of CuF, in butyrolactone and in  solutions of LiC10, in  B L  
(15 g r a m s  LiC104/100 ml BL) was studied. The initial ma te r i a l s  were  analyzed 
fo r  water  content by X-ray diffraction (CuF,) and by the K a r l  F ischer  analysis 
(BL and LiC104). The copper fluoride samples were  agitated with 50 ml of the 
solutions and were  analyzed at var ious t ime intervals  by t i trating small aliquots 
with the Kar l  F ischer  reagent. 

In the presence  of Cu (as indicated by the green-blue color of the solution),, ad- 
dition of Kar l  F ischer  reagent to the sample produces a brown precipitate which 
eventually disappears  upon fur ther  titration. 
ta te  to be Cu,I, which dissolves upon further addition of Karl  F ischer  reagent as 
CUI,-, the water  t i ter  mus t  be corrected by one-half of the t i t e r  needed to the 
c l ea r  copper end point, since Cuts regenerates  the iodine reduced by water  ac -  
cording to  the reaction 

tt 

Assuming that the initial precipi-  

tt 
c u  t 21- __f CUI t 31,. 

However, because of the presence of the copper ion, the K a r l  F i sche r  t i t e rs  
m u s t  be taken only as a relative measure  of the water  content in  the various 
solutions. 

Results of the dissolution tes t s  with butyrolactone a r e  presented in  Table I, while 
those with BL-LiGlO, electrolyte a r e  shown in  Table 11. 
CuF, is m o r e  soluble i n  presence of water,  probably by the formation of Cue . 
3H20tt as indicated by the f igures  in  the last column in  Table 11. In presence  
of LiClO,, the solubility i s  greatly enhanced, probably by a metathesis  reaction 
yielding L i F  and hydrated Cu(C104),. In absence of the solute t ransfer  of copper 
to the solution appeared to be very  slow, a s  indicated by the lack of color in the 
solution. 

The data indicate that 
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TABLE I 

SOLUBILITY OF CuF, I N  BUTYROLACTONE 

S a m d e  No. 1 

Butyrolactone: 50 ml, 411mols H20 /ml  
CuF,: 3 .  Og, 3 .  9% H,O, 130pmols H20 /ml  

Hours of Water in  Specific Conductance, Color of 
Agitation Solution, pmols  /ml ohrn”1 cm“ Solution 

0 

300 

500 

2500 

41 

60 

61 

66 

S a m d e  No. 2 

i 

0 

300 

500 

2500 

8 x LO’.‘ 

- - -  Yellow 

Color1 e s s 

Dark Yellow - - -  
6 x Dark Tan 

Butyrolactone: 50 ml ,  41pmols H,O/ml 
CuF,: 0 .  Olg, Initial Water: 3.970, Vacuum dried at 110°C 

41 

41 

41 

41 

8 x 

- - -  P a l e  Yellow 

- - -  P a l e  Yellow 

2 x l o - 6  P a l e  Yellow 

Colo rl e s s 

Note: In both tes ts ,  undissolved CuF, was present  at 2500 hours .  
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b .  pmols  H,O per  ml 
1 

pmols  Cu p e r  ml 

TABLE 11 

SOLUBILITY O F  CuF, IN BUTYROLACTONE - LiC10, SOLUTIONS --- 
Sample No. 1 

Electrolyte Solution: 50 ml of 15g LiC104/100 ml BL 
43pmols H,O/ml solution (615 ppm H,O) 

CuF,: 4.  06g, 3 . 9  weight percent  H,O (X-ray analysis)  

I Total water  i n  the system is equivalent to 218pmols/ml solution 

t 1.000 ml samples  removed a t  var ious t imes for  assaying 

Hours of Agitation 

500 - 300 - 100 - 0 - 
52 62 

pmols  I, added to H,O end point 43 131 192 188 

pmols Cu pe r  ml solution (calculated) - -  - -  52 62 

p o l s  H,O per  ml solution (calculated) 43 131 21 8 21 9 

pmols  I, added to Cu end point - -  - -  

- -  4 . 2  3 . 5  - -  

Solution Color Clear Blue Green Green Green 

Sample No. 2 

Electrolyte  Solution: 50 ml of 15g LiC104/100 ml BL 
43pmols H,O/ml solution 

H,O not known 
CuF,: 5. 25g, sample vacuum dried a t  l lO°C, weight percent  

Total water  in  the system is approximately equivalent to 43pmols/ml solution 
1. 000 ml samples removed a t  various t imes for  assaying 

Hours of Agitation 

500 - 300 - 100 

- -  <1 < 1  

pmols  I, added to H,O end point 43 43 42 41 

- 0 - 
pmols  I, added to Cu end point 

pmols  Cu p e r  ml solution (calculated) - -  - -  < 1  < 1  

- -  

pmols  H,O per  ml solution (calculated) 43 43 42 41 

pmols  H,O pe r  ml 
pmols  Cu pe r  ml 

Solution Color Clear Pa le  Green Green Green 
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TABLE I1 (Continued) 

SOLUBILITY O F  CuF, IN BUTYROLACTONE - LiC10, SOLUTIONS -- - 
Sample No. 3 

Electrolyte Solution: 50 ml of 15g LiC104/ 100 ml BL 
38pmols H20/ml solution (550 ppm H,O) 

CuF,: 4. 86g, 1 . 0 4  weight percent  H,O (X-ray analysis)  

Total water  in  the system is equivalent to 94pm/ml solution 
1.  000 ml samples  removed a t  var ious times for  assaying 

Hours of Anitation 

500 

pmols  I, added to Cu end point -- - -  22 26 

- 300 - 100 - 0 - 

pmols  I, added to H,O end point 38 - -  81 79 

pmols  H,O pe r  ml solution (calculated) 38 - -  92 9 2  

pmols  Cu pe r  ml solution (calculated) - -  - -  22 26 

pm H,O p e r  ml 
pm C u p e r  ml 

Solution Color 

- -  - -  4 . 2  3 . 5  

Clear Green Dark Dark 
Green Green 

Sample No.  4 

Electrolyte  Solution: 50 ml of 15g LiC104/100 ml BL 
38pmols H,O/ml solution 

CuF,: 1.46g, 5. 70 weight percent  H,O (X-ray analysis)  

Total water  i n  the system is equivalent to 131  pm/ml solution 
1. 000 ml samples  removed at various t imes for  assaying 

Hours of Anitation 

500 100 

- -  30 36 

- 300 - - 0 - 
pmols  I, added to Cu end point -- 
pmols  I, added to H,O end point 38 109 115 112 

pmols  Cu p e r  ml solution (calculated) - -  - -  30 36 

pmols  H,O pe r  ml solution (calculated) 38 l o 9  130 130 

pmols  H,O p e r  ml 
pmols  Cu p e r  ml 

Solution Color 

- -  - -  4 . 3  3 . 6  

Clear Green Dark Dark 
Green Green 
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3 .  1.  2 .  Vacuum Distillation of Propylene Carbonate and Butyrolactone 

Vacuum distillation of the solvents was undertaken with the hope of producing 
mater ia l s  having m o r e  desirable properties as the electrolyte solvents in  Li- 
CuF, cel ls .  
and other possible impuri t ies  in the solvents a s  supplied by the manufacturer,  
but a lso a s  a means  for removing some products resulting f rom chemical t rea t -  
ment  (e-, Li compounds after treatment with Li powder). 

This procedure is  of in te res t  not only for  the removal of water 

Results of vacuum distillation of butyrolactone at 17 mm Hg a r e  presented i n  
Table 111. 

TABLE I11 

VACUUM DISTILLATION OF BUTYROLACTONE 

Source: 
P res su re :  

Initial 

Volume, cc 250 

Boiling Range - - -  
Color White 

Refractive Index 1 .433  

Water,  ppm 510 

Matheson, Coleman & Bell 
17 mm Hg 

Fract ions 

4 

99 103 43 5 
- 3 - 2 - 1 - 

89-90 90-92 92+ 89 

White White White Brown 

1 .434  1 .434  1.434 - - -  
- - -  180 140 390 

The disti l late was s tored in polyethylene bottles and all  fractions assumed a 
yellowish color a f t e r  a stand period of three days.  
occur  readily in  properly stoppered serum bottles and mustJ therefore,  be 
caused by the contact between butyrolactone and the atmosphere.  
yellow color  indicates presence of water in  excess  of 1500 ppm as observed 
f r o m  various K a r l  F ischer  analyses of this mater ia l ,  while the white samples  
tes ted have always contained l e s s  than 900 ppm water .  It m u s t  be concluded 
that butyrolactone is  strongly hygroscopic, and that yellow color is indicative 
of p re sence  of water .  
in  discoloration. ) 

The yellowing does not 

Fur ther ,  

(Storage of the solvent in  se rum bottles has  not resulted 
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With the present  level of sensitivity of the equipment and measuring instru-  
ments,  the physical propert ies  of the solvent could not be correlated with 
the water  content. The water  contamination, however, was reduced con- 
siderably by vacuum distillation. 
the disti l late added up to l e s s  than that present  in the original mater ia l  
indicating that some water  was removed thru the vacuum system. 

The total amount of water  collected i n  

Propylene carbonate was distilled a t  10 mm Hg, and the fractions were  
analyzed. Results of three distillation runs a r e  given in  Table IV.  

TABLE IV 

VACUUM DISTILLATION OF PROPYLENE CARBONATE - 
Source: Matheson, Coleman & Bell 

Pressure :  10 m m  Hg 

Run No. 1 

Fractions 

Volume, cc 

Boiling Range, " C  

Color 

Refractive Index 

Water,  ppm 

Volume, cc 

Boiling Range, " C  

Color 

Refractive Index 

Water, ppm 

1 - Initial 

250 100 

- - -  95-108 

White White 

1. 420 1.420 

580 120 

Run No. 2 

2 30 25 

- - -  107 

White White 

1.420 1 .420  

580 380 

2 

110 

107 

White 

1 .422  

140 

- 

200 

107 

White 

1 .422 

120 

3 

35  

106 

White 

1.422 

180 

- 

5 

- - -  
Reddish 
Yellow 

- - -  
- - -  



3.2 .  POSITIVE ELECTRODE STUDIES 

3. 2.1.  Copper Fluoride Pur i ty  Study 

Copper fluoride (CuF,) continues to be the m o s t  effective positive active mater ia l  
which has  been used on this program to date. 
theoretical  ( 2  electron change/mol) has  been demonstrated in previous work, and 
the theoretical energy density of the Li-CuF, couple is acceptably high (720 watt  
hours / lb) .  However, even after considerable experience in  the contractor 's  
laboratory,  cer ta in  difficulties in  the application of the mater ia l  pers i s t .  As was 
shown in the previous section of this report ,  the presence  of water i n  the sys tem 
tends to solubilize the CuF,, probably in the fo rm of a trihydrate ion, Cu- 3H,0t+. 
In the prototype cel ls  of the previous contract, the water  content of the CuF, was 
about 1 . 0  percent  compared to about 0 .05 percent  water  in  the electrolyte solution 
Since the electrolyte solution and the positive active mater ia l  in these cel ls  con- 
tributed about equally to the weight of the cell,  the CuF, can be seen  to contri-  
bute m o s t  of the water  of the sys tem.  

The water  content in  CuF, has  been estimated by X-ray diffraction method, by 
t i tration with the Karl  F ischer  reagent, and by weight loss  upon heating under 
vacuum. 

Reduction of up to 80 percent  of 

The weight l o s s  method assumes a stoichiometric decomposition of the . dihydrate according to the reaction 

A 
CuF,. 2H,O e_) CUO t 2HF t H,O. 

The manufac turer ' s  analyses of the mater ia l  a r e  available also on request,  but 
this method, based on fluorine analysis, does not differentiate between CuF,. 
2H,O and CuO, and includes any residual H F  present . in  the sample.  Results of.. 
recent  analyses  of CuF, f rom two suppliers by X-ray, K a r l  F ischer ,  and weight 
l o s s  methods a r e  given in Table V. 

TABLE V 

RESULTS OF CuF, ANALYSES 

Water Content, Pe rcen t  
Lot Size, 

Lot No. kg Supplier':' X-ray K a r l  F ischer  Weight Loss  

1 1 . 0  ADM - - -  
2 2 . 0  ADM 3 . 9  
3 1 . 0  ADM 1 . 0  
4 1 . 0  ADM 5. 8 
5 0 . 2  OM 0 . 2  
6 2 . 5  ADM 2 .  8 
7 2 . 5  OM 2 . 5  

- - -  
3 . 5  
1 . 0  
5 . 4  

- - -  
3. 3 
0. 8 
3 . 6  
0.4 
2 . 6  
- - -  

: : C A D ~  - A. D. MacKay, Inc. 
I 

I OM - Ozark Mahoning Company 
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Apparently the manufacturers  a r e  continuing to experience difficulty i n  con- 
trolling the level of residual water i n  the product. 
a low,water content mus t  be obtainable by the process  employ& since individual 
lOOg bottles of the mater ia l  assayed-by X-ray method have shown water  content 
below 0 . 2  percent.  Water is also removed by decomposition of the CuF. 2H,O 
under vacuum, but the resu l t s  in  this contractor 's  laboratory have been var i -  
able. Strong discoloration of the product has  been observed on severa l  occasions 
upon drying a t  70-110°C and a vacuum of 50-200p, the cause of which has ,  a t  the 
present ,  not been determined. The subject of CuF2 manufacture and purification 
will have to be given further consideration, since mater ia l  having l e s s  than 0.  1 
percent  and possibly l e s s  than 0 .01  percent water  may be necessary  for  con- 
struction of cells having the desired shelf life propert ies .  

However, a product having 

3 .  2. 2. Fi l ter-Mat  Electrode Studies 

The study of the f i l ter-mat  electrode construction described in previous repor t s  
was continued during the quar te r .  The effect of f i l ter  mat thickness on electrode 
performance in  methyl formate electrolyte a t  2 mA/cm2,  and in  propylene c a r -  
bonate electrolyte a t  1 mA/cm2 was studied. The thickness of the f i l t e r -mat  was  
controlled by varying the amount of mater ia l  used in the f i l ter  p r e s s ,  in this man-  
ne r ,  e lectrodes with a theoretical capacity over the range 0.6-5.  0 ampere  hours  
and a corresponding variation in thickness were  produced. 
the f i l t e r  mat was i n  the ratio 

The composition of 

CuF, 100 pa r t s  
Graphite 14 pa r t s  
Paper  fiber 7 pa r t s  

(by weight) 

and was  held constant for  the test .  
data for  these tes t s  is  presented in  Tables VI  and VII. 

A summary  of the construction and discharge 

TABLE VI 

CHARACTERISTICS O F  CuF2-Li CELLS IN METHYL FORMATE ----- 
Electrolyte: 

Discharge Rate: 
50g LiClO,/ 100 ml M F  
60 m A  ( 2  mA/cm2)  

Temperature:  - 15 O C 

Theo. CuF, Approx. Initial load Time to Pe rcen t  CuF, 
Cell No. Cap., AH Thickness, in.  Voltage ZVF, h r s .  Efficiency 

2- 1 5. 15 5/32 2.  90 5 . 0  6 
2- 2 4.  27 5 1  32 2 . 9 0  1 1 . 3  16 

2- 3 2.10 3/32 2.  90 19.. 0 54 
2-4 2 .  14 3/32 3 .05  20.7 58 
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TABLE V I  (Continued) 

CHARACTERISTICS OF C u F Z - Z  CELLS I N  METHYL FORMATE - 
Electrolyte: 50g LiClO,/lOO ml M F  

Discharge Rate: 60 m A  (2  mA/cm2)  
Temperature:  -15°C 

Theo. CuF, Approx. Initial load Time to Pe rcen t  CuF, 
Cell No. Cap. ,  AH Thickness, in. Voltage ZVF, h r  s . Efficiency 

2-5 1.  16 1/16 3. 05 12.0 62 
2-6 1 .  28 1/16 3 .05  13. 5 63  

2-7 0 . 6 8  3/64 3. 14 5 .7  52 
2-8 0 . 6 4  3/64 3.09 4 . 5  42 

TABLE VI1 

CHARACTERISTICS O F  CuF Li CELLS I N  PROPYLENE CARBONATE - 2---- 

Electrolyte: 15g LiC104/100 ml P C  
Discharge Rate: 30 m A  (1 mA/cm2)  

Temperature: t35"  C 

2A- 1 
2 

3 
4 

5 
6 

7 
8 

Theo. CuF, Approx. Initial load Time to Pe rcen t  CuF, 
Cap., AH Thickness, in .  Voltage 2VF,  h r s .  Efficiency 

4 . 6 3  5/32 3.00 29. 3 19 
4. 38 5/32 3 . 0 0  29. 3 20 

2 .  50 3/32 3.00 26. 0 31 
2. 56 3/32 3 . 0 0  21.0 35 

1 .46  1/16 2 .93  17. 5 36 
1 . 4 4  1/16 2 .93  14. 5 30 

0. 83 3/64 2.95 9 . 7  35 
0 . 8 2  3/64 2 .93  7 . 5  27 
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With the exception of the two cel ls  having the thickest  CuF, electrodes,  p e r -  
formance in  both electrolytes was near ly  independent of electrode thickness. 
In methyl formate cell,  the initial discharge voltage tended to increase  with 
decreasing electrode thickness, while the converse t rend was observed in 
cel ls  having propylene carbonate electrolyte. The discharge charac te r i s t ics  
of the cells in this s e r i e s  were  generally poorer than those obtained in other 
recent t e s t  s e r i e s  (e.., prototype cel ls  of the l a s t  contract) .  
in  the quality of the CuF, used in  different tes t s  may  be contributing considerably 
to the present  lack of reproducibility between individual t e s t  s e r i e s .  

The variabil i ty 

3 . 3 .  CELL SYSTEMS STUDIES 

Twelve CuF,-Li cel ls  were  constructed and tested (a t  the request of NASA Pro jec t  
Manager) i n  order  to evaluate the discharge r a t e  capabilities of the present  design. 
Construction of the cel ls  was the same as that of the prototype cells built under 
the previous contract, except Cells 11 and 12 had two positive and three negative 
plates,  the positives being one-half a s  thick a s  those in the three-plate cel ls  to 
give twice the electrode a r e a  (58 cm') with the same theoretical positive electrode 
capacity (4-5 ampere  hours ) .  
loads projected to give 1-20 hour ra te  discharges.  

The cells were  discharged through various res i s t ive  

As can be seen f rom the discharge data presented in  F igures  1 to 6,  the loads were  
too high f o r  the cells to form voltage plateaus a t  potentials higher than 2 volts.  In 
the case  of the methyl formate cells,  increasing of the discharge temperature  im- 
proved the discharge propert ies ,  as  can be seen  f rom comparing Cells 5 and 6 
with Cells 11 and 12. The vapor p re s su re  developed by Cells 11 and 12 during the 
discharge was about 10 psig (cel ls  discharged at -15°C were  open to the atmo- 
sphere) .  
matrix and l a r g e r  discharge a r e a  (thin plates) a r e  needed in order  to utilize the 
present  sys tem a t  the 1-20 hour ra tes .  

Results of these discharge tests show that modifications to the cathode 
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Test  No. 640-1 

Electrolyte: 50g LiC104/100 ml. M F  

'Load: 20 ohms Temp.: -15°C 

Theo. Capacity 

Positive Negative 

Cell 1 4 . 2 0  5 . 7  
cen 2 3 . 9 8  5 . 7  

Cell 2 ( 3  plates) 

Area: 29 cm2 

1 1 I I 1 I 1 I 

2 4 6 8 10 12 14 16 
Time - Hours 

FIGURE 1 

Discharge Characteristic a of CuF2- Li Cella 
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Electrolyte: 50g LiC104/100 ml. MF 
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FIGURE 2 

Discharge Characteristics of CuF2-Li Cel ls  
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FIGURE 3 

Discharge Characteristics of CuF2-Li Cells 
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Electrolyte: 50g LiC104/100 ml .MP 
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FIGURE 4 

Discharge Characteristics of CuF,-Li Cells 
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FIGURE 5 

Discharge Characterist ics of CuF,-Li Cells 
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FIGURE 6 

Discharge Characterist ics of CuF,-Li Cells 
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4. ACTIVITY PLANNED FOR THE SECOND QUARTER 

Since the solubility of CuF, i n  the electrolyte solutions continues to constitute 
the major  problem in  the low ra te  Li-CuF, cells,  and since water  appears  to 
have a major  effect on the extent of this solubility, development of purification 
methods and evaluation of the t reated mater ia l s  in  cell t es t s  will be continued. 
The chemical t reatment  and distillation of electrolyte solvents will be continued 
f o r  the removal of water  and possibly other detrimental  impuri t ies .  The effect 
of these procedures  on the electrolytes will be evaluated by the Karl  F ischer  
analysis for  water ,  specific conductance, and other tes t s .  The t reated electro-  
lytes will a lso be used in  comparative cell t es t s  to determine whether improve- 
ment  in  shelf life and other character is t ics  have been obtained. These tes ts  
will be conducted with Li-CuF, and Li-Ag,O, cells,  the la t te r  sys tem being chosen 
with the hope of eliminating the effect of dissolved copper ion on the shelf life 
charac te r i s t ics .  

The effect of water  on the solubility of CuF,, both in  the form of CuF,. 2H,O and 
as an impurity in  the electrolyte solution, will be studied extensively. 
be attempted to evaluate this factor over the range of 60-6000 ppm of water  in  the 
sys tem.  
tes t s .  

It will 

Both propylene carbonate and butyrolactone will be employed in these 

Study of the construction of thin CuF, electrodes will continue. 
paste  formulation will be studied in order  to determine the optimum concentrations 
of conductor (graphite) and binder (cellulose acetate).  

Modification in  

The extent of polarization of the lithium electrode in  various electrolyte solutions 
will be studied. 
will be employed in  o rde r  to determine the optimum electrolyte concentrations fo r  
both the high ra te  (methyl formate)  and low ra te  (propylene carbonate, butyrolactone) 
e lectrolytes .  

Electrolytic cells with anode and cathode reference electrodes 


