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SUMMARY

A number of organic liquids have been studied in order to evaluate
their appliéability as electrolyte solvents in Li - CuF, or Li - CuCl,

cells.

The conductivity of LiClO, solutions was consistantly higher than
that of AlCls solutions in the solvents studied. In dimethyl sulfoxide,
lithium chloride also produced strongly conductive solutions

(5 x 10-* mho/cm at 75 g/1).

Lithium fluoride was found to be soluble in nitromethane and in
n-butyl formate to'the extent of 5.0 g/l and 6.5 g/1, respectively;
but the specific condictances of the resultant solutions did not °

vary significan'tiy from those of the pure solvents.

Lithium metal stability tests in the pure sélvents and in solutions

of several electrolytes were conducted. The lowest rate of attack
on the metal was observed in pure (no solute) propylene carbonate,
dimethyl sulfoxide, butyrolactone, and acetic anhydride (listed in
order of increasing reactivity); no other solvents tested were

judged adequately compatible with lithium metal for extended contact
periods {7 days). Drying of the solvents with calcium oxide

(except acetic anhydride) improved the stability of the systems.

The presence of solutes in the test solutions increased the rate of
attack on the lithium; this effect was more pronounced with LiClO4

than with the other salts tested.

The four solvents listed in the previous paragraph were compared

in cell discharge tests using LiClOy4 as the solute in Li - CuF,

W



and Li - MnO, cells. Performance of cells built with the most
recent filter-pad pos1t1ve electrode constructlon was best with
propylene carbonate and dimethyl su1fox1de electrolyte solvents.
The capacity of acetic anhydride cells was markedly inferior
being limited by electrolyte attack on the lithium electrode.
Other Li - CuF, .cells We:'re tested with 2.3M LiClO, - methyl
formai;e electrolyte. In positive-limiting cells discharged at

1 mA/em?, electrochemical efficiency of the CuF; electrode was
generally in the range 60 to‘80 per cent measured to 50 per cent
_cell woltage drop. In view of the high conductivity (3.0 x 102
mho/cm with 2. 2M LiCl®,) and good cathode efficiency échieved
with this material, m'ethyl formate continues to be of prime
interest as an eleétrolyte solvent though there is a moderate

rate of chemical attack on the lithium anode.



1. INTRODUCTION

The purpose of this program .is to develop a primary battery system
having an energy-to-weight ratio of 200 watt hours per pound of
total battery weight. The present report describes the test pro-
cedures and the results obtained during the second quarter of the

current contract period.

On the basis of rather extensive work performed by this contractor
and by other researchers in the field, lithium has emerged as the
most desirable anode material for a high energy density, organic
electrolyte system. Other candidate materials such as magnesium,
calcium, or sodium have either shown significantly more positive
potentials compared to lithiumn (Mg by ca. 1.9 volts; Ca by ca. 0.7
volt) in the organic electrolytes, or have much higher equivalent
weights (Na = 23; Li = 7). In addition to the above considerations,
lithium also appears to be the most desirable material from the
viewpoint of electrode manufacture and handling, since it is only
'moderately reactive with the atmosphere and does not react with
either dry oxygen or dry nitrogen (Reference 1). Lithium electrodes

can be manufactured by shaping the fairly malleable metal into molds.

A substantial number of aprotic electrolyte solvents which could
be useful in a Li anode system have been studied by this contractoxr
and by otﬁer researchers in the field and have been described in
various reports and in the literature. It was decided to select a
number of the solvents on the basis of the reported test results

and to evaluate their utility for use in a Li anode, CuCl,, or CuF,
cathode cell system. As a result, the chemical stability of lithium

metal, and the solubility and conductivity of solutions of the cathode-
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active materials CuCl; and CuF;, cathode discharge products LiF
and LiCl, and supporting electrolytes LiClO4 and AlCl; were studied

in twelve solvents.

In addition to being acceptable on the basis of the above properties,
the electrolyte solvent in a high energy battery will also have to

be conducive to a high level of positive active material utilization,
and to a low and constant level of cell polarization during discharge.
Consequently, the solvents which appeared inost promising from the
lithium stability, conductivity, and solubility tests were compared
in Li-CuF, and Li-MnO, cells under identical cell construction and
discharge conditions. At t}_xe completion of these tests, propylene
carbonate and-dimethyl sulfoxide appeared to be of primary

* interest for further development of the battery.

Methyl formate continu€s to be of primary interest as an electrolyte
solvent for the Li-CuF, system because of demonstrated ability

to allow high electrochemical efficiency to be obtained from-

the present cathode censtructions at moderately high (30-hour)

rates.



‘2. DISCUSSION OF EXPERIMENTAL WORK.
2.1. '‘ELECTROLYTE SYSTEMS STUDIES
2.1.1. Solubility and Conductivity Tests

The solubility of a number of salts in the candidate electrolyte
solvents and thé: specific conductance of the SOj,IiT'ZiOn”S were deter-
minéd and are presented 1n Table I, page 4 . Copper chloride and
copper fluoride were included in the test series for the purpose of
attempting a correlation between the solubility of the cathode-active
material with their performance in‘cell tests. Lithium chloride’
and lithium fluoride were included in order to attémpt to correlate
the solubility of the cathodic discharge product with the pc.iormance
of the cell, since a positive discilar'ge reactiou ur we ype

CuX; +2Li* +2¢” —» Cu +2LiX

is anticipated.

Solubility of LiClOy4 and AlClz in the solvents was studied in-order
to evaluate their usefulness as supporting electrolytes in'the various

systems.

Several unexpectéd results were recorded in the course of the
above investigations. Lithium fluoride v»;as found to have consider-
able solubility iri both n-butyl formate (6.5 grams/liter) and nitro-
methane (5.0 grafné/liter). The conductivity of these solutions

did not difféer significantly from that of the pure solvents, indicating

that the solute ions remain strongly assoicated in the solution phase.

Lithium chloride was found to be only moderately soluble in methyl

formate (10. 8 grams/liter) and but.yrola.ctone (33.3 grams/liter),



TABLE L
CONDUCTIVITY OF ELECTROLYTE SOLUTIONS IN VARIOUS SOLVENTS

Concentration Conductivity

Solvent Solute (g/ Liter) (ohm-! em~}) Remarks
Methyl Formate .CuCl, 10.5 (sat'd) 1.48 x 1078 Dark green solution, brown salt
Methyl Formate CuF, . 500 (sat'd) 1.97 x 1078 Colorless solution, blue-green salt
Methyl Formate LiCl 10.80 (sat'd) 1.93 x 107* Pale yellow solution, white salt
Methyl Formate 1LiF . 500 (sat'd) 1.7 x 1078 Colorless solution, white salt
n-Butyl Formate AlCl3 200 6.25x 107% Exothermic, dark purple solution
n-Butyl Formate CuCl, 500 (sat'd) 1.04 x.10-8 Pale yellow sélution, brown salt
n-Butyl Formate CuF, 500 (sat'd) 3 x 10-8 Colorless solution, grey salt
n-Butyl Formate LiCl . 500 (sat'd) 3 x 10-8 Colorless solution, white salt
n~Butyl Formate » LiClOy 160 3,72 x 1073 Exothermic, colorless solution
n-Butyl Fermate LiF 6.500 (sat'd) z  x10-8 Clear solution
Nitrorhethane ‘CuCl, .500 2.7 x 1078% Amber-green solution
Nitromethane CuF; . 500 (sat'd) 1.6 x 1078% Yellow-green solution, blue-green salt
Nitromethane LiCl .500_(sat'd) 7.3 x 10-8% Colorless solution, white salt ,
Nitromethane LiF 5.000 (sat'd) 2.8 x 1078% Clear solution IS
N-Methyl 2-Pyrrolidone CuF, .500 (sat'd) 4 x 10-6% Colorless solution, grey salt
N-Methyl 2-Pyrrolidone LiCl 1.00 t 1.6 x 10-% Colorless solution
N, N-Dimethyl Formamide CuF, . 500 (sat'd) 1.4 x 10-5% Yellow solution, grey salt
N, N-Dimethyl Formamide _LiCl -1.00 (sat'd) 2.1 x 10-% Colorless solution
Propylene Carbonate AlCl3 200 . 4.38 %103 Exothermic, dark brown solution
Propylene Carbonate CuCl; 5.00 (sat'd) 1.76 x 107* Amber-black solution
Pro'pylexie Carbonate CuCl, 5.00 (sat'd) 1.7 = 10-% Amber-black solution ,
Propylene Carbonate CulF, . 500 (sat'd) 1.85 x 10-5 Colorless solution, grey salt
Propylene Carbonate: CuF, . 500 (sat'd) 1.4 x 10-S% Colorless solution, grey salt
Propylene Carbonate’ LiCl . 500 1.37 x 10~ Colorless solution
Propylene Carbonate LiCl . 500 1.4 x 107% Colorless solution
Propylene Carbonate LiClOy 160 4.04 x 10-2 Exothermic, colorless solutior
Propylene Carbonate LiF . 500 {sat'd) 1.26 x 10-8 Colorless solution, white salt
Propylene Carbonate LiF . 500 (sat'd) 2 x 10-8% Colorless solution, white salt

%20, 000 CPS



Solvent

Pyridine.
Pyridine

Acetic Anhydride
Acetic Anhydride
Acetic Anhydride
Acetic Anhydride .
Acetic Anhydride’
Acetic Anhydride
Acetic Anhydride
Acetic Anhydride
Acetic Anhydride
Acetic Anhydride

2-Butanone
2-Bytanone

Butyrolactone
Butyrolactone
Butyrolactone
“ Butyrolactone
Butyrolactone
Butyrol actone
Butyrolacténe
Butyrolactone
Butyrolactone
Butyrolactone

Dimethyl Sulfoxide
Dimethyl Sulfoxide
Dimethyl Sulfoxide
Dimethyl Sulfoxide
Dimethyl Sulfoxide

%20, 000 CPS

TABLE I Continued
CONDUCTIVITY OF ELECTROLYTE SOLUTIONS IN VARIOUS SOLVENTS

Concehtration Conductivity
Solute ‘{g/Liter) (ohm™! em~})
CuF, .500 (sat'd) 9  x 1078%
LiCl 2.500 (sat'd) 9  x 10-8%
AlCl 200 (sat'd) 2.70 x 10-%
CuCl, . 500 (sat'd) 3.06 x 10-8
CuCl, . 500 (sat'd) 1.6 x 10-8k
CuF, 1500 (sat'd) 4.32 x 108
CuF, . 500 (sat'd) 4.1 x 10-6x%
1iCl .500 8.7 x 10-8
1iCl .500 7.6 x 107s%
1iClO, 160 (sat'd) 6.07 x 10-3
LiF 5.000 (sat'd) 2.72 %1078
CLAF 5.000 (sat'd) 1.8 x 10-6%
CuF; .500 (sat'd) 1.3 x 1078%
LiCl .500 (sat'd) 3.1 =x.10-5%
Al1Cl3 200 4.37 x 10-°
CuCl, . 500 7.30 x 10-5
CuCl, . 500 6.7 x 10-&%
CuF, . 500 (sat'd) 9.44 x 10-8
CuF, . 500 (sat'd) 7.6 x 1076%
LiCl 33.30 (sat'd) 8.27 x 1078
1iC1 33.30 (sat'd) 7.4 x 107%%
LiClOy4 160 9.44 x 10-:
LiF .500 (sat'd) 204 x 107
LiF . 500 (sat'd) 1.9 x 10~%%
AlCls 200 (sat'd) 3.73 x 10~*
CuCl, 27.76 (sat'd) 1.06 x 10-3
CuCl, 27.76 (sat'd) 1.0 x1073x
CuF, . 500 {sat'd) 1.35% 107°
CuF, .500 (sat'd) ~1.3 x10-"

Remarks

Yellow-green solution, blue-green salt
Yellow solution

Exothermic, two solute phases

Green solution, blue-green salt

Green solution, blue-green salt
Yellow-green solution, blue-green salt
Yellow-green solution, blue-green salt
Colorless solution

Colorless solution

Exothermic, colorless solution
Yellow solution, white salt

Yellow solution, whi.te salt

Colorless solution, blue-green salt
Colorless solution, white salt T

Exothermic, dark tan solution
Amber solution

Amber solution

Yellow solution, grey salt

Yellow solution, grey salt
Colorless solution, tan 3 wks. later
Colorless solution, tan 3 wks. later
Exothermic, .colorless solution
Colorless solution, white salt
Colorless solution, white salt

Viscous white suspension, exothermic
Bilious green solution

Bilious green solution

Colorless solution, grey salt
Colorless solution, grey salt



Solvent

Dimethyl Sulfoxide
Dimethyl Sulfoxide
Dimethyl Sulfoxide
Dimethyl Sulfoxide
Dimethyl Sulfoxide

Ethyl Formate
Ethyl Formate

%20, 000 CPS

TABLE I Continued

CONDUCTIVITY OF ELECTROLYTE SOLUTIONS IN VARIOUS SOLVENTS

Concentration Conductivity
Solute {g/Liter) (ohm~! cm~Y)
LiCl 75.00 (sat'd) 4.56 x 1073
LiCl 75.00 (sat'd) 5.0 x 10-3x
LiClO, 160 7.1 ‘x 10-:
- LiF .500 (sat'd) 3.51 x 10~
LiF . 500 (sat'd) 2.7 x10="%
CuF, .500 (sat'd) 9  x 10-67*
LiCl . 500 (sat'd) 2 x107%

Remarks

Colorless solution

Colorless solution
Exothermic, colorless solution
Colorless solution, white salt
Colorless solution, white salt

Blue-green solution, blue-green salt
Colorless solution, white salt
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but the saturated solution in dimethyl sulfoxide (75 grams/liter)
had a specific conductance almost as high as that of the 1.5M

1iClO, solution in the saine solvent.

In all of the soivents studied, LiClO,; formed more conductive
solutions than did AlCls; the solution of the latter salt was, in all
cases, exothermic and resulted in stfongly colored solutions. In
the case of dimethyl sulfoxide, AlCls formed a white suspensoid

which did not settle out of the solution after a one-month stand.
2.1.2. Lithium Compatibility Tests

Qualitative tests of the stability of metallic lithium in various
solvents and electrolyte solutions were performed. The test
samples w.ere cut from 1/2 x 1/16 inch Li ribbon (Foote Mineral
Compé.ny) and were embossed on one side with a piece of expanded
nickel screen.’ The samples were submerged in a test tube con-
taining the test solution; the test tubes were stoppered, and ‘
changes in appearance of the Li metal and of the solution were

observed.

Of the twelve solvents listed in Table I, page 8 , propylene
carbonate only appeared definitely to have acceptable stability
(code letter "a') with respect to lithium in presence of dissolved
lithium perchlorate; the remaining solvents were either slowly
{code letter ‘'b") or rapidly (code letter '"c') decomposed. Of

the latter, dimethyl sulfoxide, butyrolactone, and acetic anhydride
appeared to be least reactive towards lithium and were selected

in addition to propylene carbonate for further evaluation.



10.
11.

12.

SUMMARY OF LITHIUM COMPATIBILITY STUDIES

TABLE II

£
3 S 2 o s 8
o 9 S g 3= E %
Z 3 < g e 5 5
Butyrolactone a b b a b a c
. Propy’lene Carbo;late a a - b a a .b c
. Dimethyl Sulfoxid a b a a a c
Acetic Anhydride ) a b b a a b c
Methyl f‘ormate' a b ‘
Nitromethane . b c b c c
Dimethyl Formaimide c
Pyridine c
n—Bu;cyl Formate b c b
2-—Butan‘one c
Ethyl Formate b
N-Methyl 2-Pyrrolidon& Ac

§
slight or no attack after 24 to 168 hours; definitely acceptable
moderate attack after 24 hours, heavy atta.gk after 168 hours; doubtful acceptability

strong attack in 2 to 24 hours; definitely unacceptable



The tests with methyl formate had to be performed in hermetically

sealed test tubes because of the high vapor pressure of the decomp-
osition products. During the test with the pure solvent, a pressure
of 55 pounds per square inch gauge was developed in the test tube, ,

but the pressure-disappeared when the test tube was cooled to -5°C.

No additional decomposition or pressure build-up was observed

when a new lithium test sample was immersed in the liquid resulting
from the above test. When the lithium stability test was performed
with LiClO, solution, a pressﬁre of 120 pounds per square inch gauge
was observed, but the gas was again condensible at the lower temper~

ature.

It appears from the present test results that propylene carbonate

is the best electrolyte solvent from the standpoint of compatibility
with the lithium anode, with dimetﬂyl sulfoxide, butyrolactone, and
acetic anhydride as the next possible choices. Methyl formate appears
to be sufficiently stable only for short-time, reserve-activated

applications.

Results of the compatibility tests are more thoroushlv Aescribed in

Table A of the Appendix.
2.1.3. Decomposition Potential Studies of Binary Electrolyte Solutions

A number of gleptrolyte solvents which appeared promising from the
tests described in Sections 2.1.1. and 2.1.2. were electrolyzed
between .smooth platinum electrodes in the presence of 1.5M LiClO,
.as the supporting electrolyte. A lithium metal reference electrode

was employed, which showed reproducible behavior in all solvents



-10-

tested, except for acetic anhydride, where it tended to discolor and

lose its activity.

Results of the electrolysis tests are presented in Ta.ble/I./ﬁ, page l;lg'l,
The dc potential‘was applied in steps of about 1.4 volts, and the
cell current was obtained by measuring the forward voltage drop
across ‘a calibrated silicon diode. The electrolyéis cells had
cylindrical platinum electrodes of | mm diameter, spaced 10 mm

apart, and had cell constants of about 1.0 cm™l.

At each potential step, electrolysis was continued until steady-
state conditions were approached at which time the potential and
current values were recorded, and the next higher (or lower)

potential step was applied.

At anod\e potentials up to +4. 0 volts with respect fo lithium, the
lowest decomposition currents were exhibitéd by propylene
carbonate (4.5 pa/ cmé a,t 3.95 volts) and dimethyl sulfoxide

(1.4 pa/cm?® at 3.95 volts).‘ ‘At anode potentials of abou;+5 volts
dimethyl sulfoxide showed strong anodic decomposition (11, 000

2 at 5.0 volts), while propylene carbonate remained more

ta/cm
resistant to reduction at this anode potential (60 pa/cm? at 4.9

volts).

With all of the solvents studied, metallic lithium was deposited
on the cathode of the cell during electrolysis; this reaction pro-
ceeded with little overvoltage (ca. 0.1 volt) at the current den~

sities employed.



TABLE IIT

DECOMPOSITION POTENTIALS OF VARIOUS SOLUTIONS
ON SMOOTH PLATINUM ELECTRODES

Reference Electrode: Li/Lit

Time, C.D. Potential, Volts
hrs. ~a/cm?® Cell Anode Cathode Remarks

Run #1 - Acetic Anhydride +1.5M LiClQOy

2.05 3.1 1.07 3.65 2.55
4.42 18 2.30 4.65, 2.33
6.25 " 180 3.68 5.03 1.50
6.42 180 4.90 5.03 0.10 Gassing on cathode
Run #2 - Butyrolactone + 1.4M LiClO4
1.06 o L.6 1.34 3.05 1.68 Gassing on reference electrode
3.80 4.2 +2.60 3.00 0.40
4. 80 43 3.90 4.00 0.14 Darkening on cathode
6.1 172 5.00 .5.02 0.04
6.4 >5000 5.90 5.50 -0.36 Solvent brown around anode
Run #3 - Butyrolactone +1.4M LiClO4
.75 2.4 1.31 2.95 '1.62 Gassing on reference electrode
2.82 11 2.50 3.11 0.58
3.25 120 3.90 3.82 .10
3.66 250 5.20 5.00 - .20 Darkening and gassing on cathode
3.75 590 5.95 5.44 ~ .46
Run #4 - Butyrolactone + 1.4 M LiClO4
1.42 .-7.5 ©1.11  3.55 2.40 Gassing on reference electrode
2. 66 11 2.50 3.20 0.86
4.83 15 3.80- 3.70 0.06
6.42 20 5.20 5.20 - .01 Darkening and gassing on cathode
6.58 21 5.80 5.70 - .13 Solvent brown around anode
7.16% 32 5.10 5.40 .28
7.42 6.1 3.80 5.00 1.24
7.5 20 2. 40 3.45 1.09
Run #5 -~ Dimethyl Sulfoxide +1.78 M LiClO4
1.83 1.9 1.35 3.74 2.36 Gassing on reference electrode
3.66 3.40 2.75 4.40 1.65

*Decreased applied potential
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TABLE II] Continued

DECOMPOSITION.POTENTIALS OF VARIOUS SOLUTIONS
ON SMOOTH PLATINUM ELECTRODES

Reference Electrode: Li/Lit

Time, C.D. Potential, Volts
hrs. pa/cm? Cell Anode Cathode Remarks

Run #5 - Dimethyl Sulfoxide + 1.78M LiClO4 Continued

5.43 10 4.00 4.42 0.46 Darkening on cathode
5.83 4000 4.90 4.80 - .12
6.08 5000 ~ 5.00 4.80 - .30 Heavy gassing on cathode

Run #6 - Dimethyl Sulfoxide + 1.78 M LiClO4

1.75 .02 1.28 2.79 1.50 Gassing on -reference electrode
2.25 .32 2.60 3.24 0.61
2.75 1.4 4.00 3.95 - .05
2.78 1800 5.00 4.54 - .44 Darkening on cathode
2.83 8000 5.60 4.70 - .90
Run #7 - Dimethyl Sulfoxide + 1.78 M LiClOy4
1.42 12 .08 3.05 1.90 ‘Gassing on reference electrode
3.92 15 2.48 3.20 0.73 '
5.25 48 3.72  4.20 0.44 Darkening on cathode
22.75% 32 2.55 4.00 1.50
24.5 11 L.10  3.20 2.10
Run #8 ~ Dimethyl Sulfoxide + 1.78M LiClOq4
2.25 12 1.12 3.95 2.82 Gassing on reference electrode
3.75 110 2.45  4.40 1.92
5.08 110 . 3.85 4.45 0.60 .
5.83 6000 4.90 4.80 ~.. 17 Gassing on cathode
6.00 11000 5.20 5.00 - .22 Darkening on cathode
6.38% 5000 4.92 4.82 - .06
21.06 800 3.92 4.18 .22
22.92 13 2.50 2.90 .38
23.75 - 2.38 2.80 .41
Run #9 - Methyl Formate + 1.5M LiClO4
1.25 2.6 1.04 3.59 2.50 B Heavy gassing on reference electrode
2.75 32 2.20 3.92 1.75 '

*Decreased applied potential
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TABLE III Continued

DECOMPOSITION POTENTIALS OF VARIOUS SOLUTIONS
ON SMOOTH PLATINUM ELECTRODES

Reference Electrode: Li/Li%

Time, C.D. Potential, Volts
hrs. pa/cm? Cell Anode Cathode:
Run #9 - Methyl Formate + 1.5M LiCiO, Con't.
4.58 73 3.72 4.80 1.10 Heavy gassing on cathode
6.16 230 4.90 4.90 - .02 Pressure retards gassing
6.33 3200 5.50 5.40 - .10
6.83% 180 5.00 5.00 .01
7.5 54 3.74 4.60 .90
8.00 25 2.45 3.22 .77
Run #10 - N, N-Dimethyl Formamide (CaO dried) + 1.0 M LiClO,
3.50 0.86 1.09 3.00 1.88
21.25 25.4 2.50 2.33 0.15 Replaced reference electrode
23.25 190 3.58 3.48 -0.13 Gelatinous yellow-orange deposit on Li
23.75 1590 4.60 4.05 -0.54 Darkening on cathode
24.25 700 6.10 3.98 -2.20 Solution turned orange-brown
Run #11 - Propylene Carbonate + 1.5M LiClO,
.25 3.8 1.06 2.90 1.80 Darkening & gassing on reference electrode
1.58 7.0 2.38 2.98 0.59
4.00 13 3.78 3.92 .16 Darkening on cathode
5.33 120 5.02 5.10 08 ’
6.25 1170 5.88 5.82 .06 Cathode grey, gassing
6.75% 83 5.10 5.10 .00
24.83 1100 3.10 5.60 2.52
26.25 180 2.17 5.00 2.88
27.50 18 .94 3.87 2.90
Run #12 - Propylene Carbonate + 1.5M LiClO,
1.66 .51 1.04 3.50 2.40 Darkening & gassing onreference electrode
2.83 .43 2.43 3.20 0.76 .
4.50 4.5 3.80 3.95 0.16 Darkening on cathode
4.60 60 4.98 4.90 0.00

*Decreased applied potential
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TABLE III Continued

SPECIFIC RESISTANCE AND DECOMPOSITION POTENTIAL
OF VARIOUS SOLUTIONS ON SMOOTH PLATINUM ELECTRODES

Time, C.D. Potential, Volts
hrs. pa/cm? Cell Anode Cathode Remarks

Run #13 - N, N-Dimethyl Formamide (CaO dried) + 1.0M LiClO; + Ammonia

Reference Electrode: Nomne

1.33 . 2.64 1.06
2.83 10.2 2.38
3.20 101 3.65
4.17 181 5.00
4.92 286 6.25
Run #14 - Dimethyl Sulfoxide + 1,0M LiClO4 + SO, .
- Reference Electrode: Pb/PbSO,

.58 334 0.77 0.71 -0.06
1.42 1080 1.82 1.16 -0.70
2.17 1080 3.20 1.20 -2.00 Potential-current fluctuations
2.92 2480 4.35 1.30 -3.05
3.92 3670 5.39 1.49 -3,90

Run .#15 - Dimethyl Sulfoxide + 1.0M LiClO4 + SO,
Reference Electrode: Pb/PbSO,

1.25 413 0.70 0.74 -0.04
2.50 955 1.90 0.76 -1.14
4.42 1113 3.15 0.77 -2.35
6.09 1845 4.25 1.21 -3.06
7.26 5570 5.18 1.83 =~3.35
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2.1.4. Conductivity and Decomposition Potential of Selected
Ternary Electrolyte Systems

A number of ternary electrolyte solutions were selected for verifi-
cation of previous observations (Reference 2) and for further study of
the properties of these systems; results of the conductivity and
decomposition potential studies for two systems are presented in

Table ITI, page 11 and Table IV, page 16.

During the tests, the conductivity and electrolysis cells were filled
with the salt (LiClO4) solution and sealed in pressure chambers.

After purging with argon, the full vapor pressure of the ligand gas
was applied to the chamber, and the-supply tank was shut off.

Thus, the amount of ligand absorbed by the cells could be calculated
from the known volume of the test chamber and the observed decrease
in vapor pressure over the solution. The specific resistance of the
solution was monitored until either its value became constant, or

no further ligand atmosphere could be observed.

In both dimethyl formamide and dimethyl sulfoxide, addition of the
ligand atmosphere reduced the specific resistance of the solution
by about 50 per cent. However, the decomposition potential of both
systems was lowered significantly; hence, it appears that neither
of the two systems will be useful in building lithium-anode cells

having activated stand or long discharge life requirements.

2.1.5. Specific Conductance of LiCld; Solutions in Propylene
Carbonate and Dimethyl Sulfoxide at Room Temperature

" The specific conductance-concentration characteristics for LiClO,

solutions in propylene carbonate and dimethyl sulfoxide were
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TABLE 1V

VARIATION OF SPECIFIC RESISTANCE WITH LIGAND PRESSURE

Run #13 - N, N-Dimethyl Formamide (CaO dried) + 1.0M LiClO4 + Ammonia

Elapsed Gauge Specific
Time Temperature Pressure Resistance
Hours °F 1bs/in.? O cm
75 Atmospheric 49.7
75 Argon 51.0
0 Argon released - ammonia introduced into chamber
.58 72 118 ~--
.75 70 115 --
1.50° 72 108 51.1
16.92 78 87 36.6
18.17 76 87 36.6
22.33 78 84 33.2
24.75 78 84 32.2
65.33 79 72 25.7
72.33 69 68 26.4
113.08 78 68 24.8
116.00 Start of decomposition potential tests®

*See page 14, Run #13
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TABLE IV Continued

VARIATION OF SPECIFIC RESISTANCE WITH LIGAND PRESSURE

Run #14 - Dimethyl Sulfoxide + 1.0M LiClO4 + SO,

Elapsed R Gauge Specific
Time Temperature Pressure Resistance
Hours °F 1bs/in.? Q cm

70 100 (Argon) 98.9
Azrxgon released -~ SO, introduced into chamber
88.1
70 26 79.4
S0, introduced into chamber
0 70 30 -
3.67 77 37 79.4
SO, introduced into chamber
5.09 80 46 74.5
5.92 80 44 -
69.17 72 38 78.2
69. 42 73 38 78.2
70. 59 Start of decomposition potential test™
71.84 72 38 77.1
73.67 72 38 78.7
74.59 73 38 79.1
75.51 End of decomposition potential test *
76.18 75 ' 38 78.5
93.60 77 38 79.5
94.02 Discharged chamber of SO,
99.60 77 0 79.5

*See page 14, Run #14
NOTE: Initial solution 5.5 cc
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TABLE IV Continued

VARIATION OF SPECIFIC RESISTANCE WITH LIGAND PRESSURE

Run #15 - Dimethyl Sulfoxide + 1.0M LiCLO4 + SO3

Elapsed Gaug: Specific Moles SO,
Time Temperature - Pressure Resistance per
Hours °F 1bs/in.2 Q cm Mole DMSO

72 120 (Argon) 111
Argon released - SO; introduced into chamber
0 72 30 --
.17 72 17 84.4
.42 72 i1 ~ 83.9
.67 73. 10 86.0 .32
SO, introduced into chamber
.75 74 33 83.9
.92 74 20 64.7
1.17 73 15 63.9
1.75 74 iz 64.6 .83
SO, introduced into chamber
1.83 74 35 63.3
2.17 75 21 57.5
2.50 76 19 57.0
3.08 77 17 56.6
3.75 77 16 56.5
19.08 78 16 56.8 1.2
19.50 Start of decompositioh potential test™®
26,75 77 16 56.9
26.75 End of decomposition potential test *
27.58 73 Atmospheric 60.4
48.58 80 Atmospheric 62.6

*See page 14, Run #15
NOTE: Initial solution 4.5 cc
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determined and are presented in Figure 1, page 21. The conduc-
tivity maximum in both systems was observed to occur at a con-
centration of about 1.0 mole/liter. The maximum conductivity

was 7 x 1072 for the dimethyl sulfoxide and 5 x 10-? for the propylene

carbonate solution.

2.1.6. Electrode Potentials of Metals in PC-LiClO4 and MF -
LiClO, Solutions

The relative potentials of several metals were measured in 1.5M
PC-LiClO, and MF-LiClO, solutions with respect to the lithium
metal-lithium ion potential. The test materials were comrhercially
available metal samples, which had been cleaned with steel wool

and degreased before immersion in a test tube containing the solution

and a lithium-on-nickel reference electrode.

Results of the potential comparison are listed in Table v, page 22,
The.values shown are the potentials observed immediately after
immersion; a VTVM having an internal resistance of 11 megohms

was used for the measurements.
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TABLE V

ELECTRODE POTENTIALS OF METALS

IN 1.5M LiClO, SOLUTIONS IN PROPYLENE
CARBONATE AND METHYL FORMATE

Electrode Propylene Cé,rbonate Methyl Formate

Ni/L 0 0

Ca 0.7 0.7
Mg 1.9 1.9
1;1 2.3 2.3
Z-n 2.4 2.4
Pb 2.5 2.5
Ni 2.6 2.8
Cu 2.8 2.9
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2.2. CELL SYSTEMS STUDIES
2.2.1. Evaluation of Electrolyte Solvents in Experimental Cells

Twenty-four "experimental' cell tests were conducted in order to
compare the performance of‘ cells constructed with acetic anhydride
(ACAN), dimethyl sulfoxide (DMSO), butyrolactone (BL), and .
propyiene carbonate (PC) electrolyte solvents. The cathode
materials employed in the study were CuF, and MnO;; lithium

was the anode material in all cells.

Lithium perchlorate was used as the electrolyte, either at ‘the con-
sentration of 0.5 mole/liter, which corresponds to the saturated
solution in ACAN, or at 1.0 mole/liter, which correéponds to the
conductivity maximum in DMSO and PC. In the latter series, the

saturated ACAN solution was used.

Copper metal reference electrodes were incorporated in the test
cells for the'purpose of estimating the relative contribution of the
positive and negative electrodes toward the potential drop of the

cell with load. In the tworplate cells, the reference electrode was
a solid copper sheet positioned on the opposite side of the cathode
and separated from it by a layer of separator material. In the two-
negative, one-positive cells, the reference electrode was a copperA
wire protected by a Teflon tube except for the end opening which was

placed at the outer edge of the positive electrode.

The cells were activated with the corresponding electrolyte solutions
and were allowed to remain on open circuit for 15 minutes to two

hours, at which time potential drop with various applied loads was
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measured. The loads were applied in order of decreasing ohmic
value; and the cell and reference potentials were measured after
15 seconds, at which time the next higher load was applied. At

. the end of the scan, the cells were returned to open circuit for an
additional active stand period. Results of the polarization tests

are presented in Table VI, page 25.

At the end of the polarization tests, the cells were placed on dis-
charge at constant current; and the cell potentials were monitored
continuously on a strip chart recorder (Brown '"Electronik'"). The
discharges were perfoi‘med at either room temperature c;r at 115°F.
The higher temperature was chosen because DMSO has a melting

‘point very close to room temperature (18°C).

Results of the discharge tests are shown in Table VI, ‘page 25 and
Figure 2 , page 35, 1In the test cells having CuF, cathodes; propylene
carbonate gave the best cathode efficiency (78 per cent in 88 hours,

" Cell No. E92). Butyrolactone and dimethyl sulfoxide gave approximately
the same efficiency with BL giving generally higher discharge potentials.
There were some reversals to this trend in the first eight cells which
had cathodes made by the dry-press technique (which has beén super-
seded by the filter-pad technique). Use of the kerosene vehicle filter
pad construction generally improved the reproducibility of cell dis-
charge results and increased the utilization efficiency of the cathode-
active material. In the case of the cells having MnO, cathodes, the

_highest capacity was recorded in the cells having DMSO electrolyte
solvent, the highest efficiency figure being 56 per cent in 200 hours

on the basis of two electron changes per mol.

Reference electrode measurements showed that the positive electrode

limited capacity in the BL;, DMSO, and PC cells; but in the ACAN
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TABLE VI

CELL PERFORMANCE TESTS
Cell Nos. 1 - 4 (E70 -~ E73)

A. Construction Data-

Cathode: 76 per cent CuF,, 6 per cent graphite, 6 per cent fiber;
dry-pressed at 2, 000 pounds per square inch, 0.92 ampere
hours theoretical capacity

Anode: Lithium pressed onto expanded Ni.screen, 2.85 ampere
hours theoretical capacity
Separation: Blotter paper,-0.6 mm thick
Electrolyte: Lithium perchlorate, 0.5 moles/liter
Electrode Area: 14.4 cm?®
Reference Electrode: Cu sheet

Electrolyte Solvent:

B. Polarization Data

Cell 1 (E-70)
Cell 2 (E-71)
Cell 3 (E-72)
Cell 4 (E-73)

ACeLlC Ananyariae
Butyrolactone
Dimethyl Sulfoxide
Pro:[.)ylene Carbonate

Test Temperature: 76°F

Time Loaa, s¢ Potential
 Cell 1 Cell 2 Cell 3 Cell 4

P.to P.to P.to P.to P.to P.to P.to P.to
Neg. Ref. Neg. Rei. Neg. Ref. Neg. Ref.

0 4.0 cc of electrolyte solution added to cells.
1.6 hrs. I1M 3.26  0.15 "3.30 0.08 3.28 0.11 3.30 0.12
10K 3.40 0.14 3.28 0.08 3.26¢ 0.10 3.26 0.12
1K 3.35  0.09 3.25 0.05 3.23 0.06 3.17 0.08
333 3.15  0.02 3.14 0.01 3.05° 0.00 2.90 0.05
100 2.72 -0.10 2.84 -0.03 2.80 -0.07 2.35 0.03
33 1.97 <0.33 2.16 -0.09 2.11 -0.15 1.35 G.00



TABLE VIContinued
C. Inscharge Data

Test Temperature: !15°F; Current: 17 mA

Time,
hrs. Cell Potential
Cell 1 Cell 2 Cell 3 Cell 4
0 Cells put in discharge; time from activation: 3.0Q hrs.
4 2.44 2.80 2.40 2.86
8 1.80 2.68 2.10 2.60
10 1.50 2.60 1.75 2.34
12 0.85 2.36 0.00 2.06
14 1.00 1.80

I3



TABLE VI Continued

CELL PERFORMANCE TESTS
Cell Nos. 5 -8 (E74 - E77)

A. Construction Data

Cathode: 80% CuF,, 6.6% graphite, 6.6% paper fiber, 6.6%.AgCl,
dry-pressed at 2,000 pounds per square inch. Theoretical
capacity 0.92 ampere hours.

Anode: Lithium pressed onto expanded nickel screen. Theoretical
capacity 2.85 ampere hours.

Separation: Microporous rubber, 1.1 mm thick
Electrolyte: Lithium Perchlorate, .5 moles/liter
Electrode Area: 14.4 cm?
Reference Electrode: Cu sheet
Electrolyte Solvent: Cell 5 (E74) Acetic Anhydride
Cell 6 (E75) Butyrolactone
Cell 7 (E76) Dimethyl Sulfoxide
Cell 8 (E77) Propylene Carbonate

B. Polarization Data

Test Temperature: 72°F

Time Load,§2 Potential
Cell 5 Cell 6 Cell 7 Cell 8
P.to P.to P.to P.to P.to P.to P.to P.to
Neg. Ref. Neg. Ref. Neg. Ref. Neg. Ref.
0 7.0 cc of electrolyte solution added to cells
1 hr. 11M 3.54 0.26 3.43 0.25 3.27 0.21 3.53  0.49
10K 3.52 0.25 3.22  0.25 3.19 0.19 3.30 0.47
1K 3.36  0.17 2.94 0.21 2.64 .0.14 2.96 0.40
333 3.10 0.07 2.44  0.16 2.18 0.08 2.36 0.34
100 2.62 -0.14 1,43 0.11 1.63  0.00 1.34  0.26
33 1.79 -0.48 0.62 0.08 0.90 -0.08 0.60 0.21



TABLE VI Continued

B. Polarization Data Continued

Time

1.25 hr.
3 hr.

C. Discharge Data

Time,
hrs.

12
15
18
21
24
27
30
33
- 36
39
42
45
48

Load,Q2

10K
1K
333
100
33

O = N NNDNMNMNNNDDNN

Test Temperature: 72°F
Potential
Cell 57 Cell 6 Cell 7 Cell 8
P.to P.to P.to P.to P.to P.to P.to P.to
Neg. Ref. Neg. Ref. Neg. Ref. Neg. Ref.
all cells place in oven at 115°F. A
3.48 0.10 3.42 0.07 3.35  0.09 3.40 0.15
3.37 0.04 3.20 0.04 3.22 0.03 3.05 0.11
3.16 -0.09 3.05 0.00 3.00 -0.06 2.74  0.06
2.80 -0.39 2.65 -0.07 2.62 -0.18 2.00 -0.05
1.85 :0.93 1.98 ~-0.19 2.02 -0.39 1 0R
Test Temperature: 115°F; Current: 6 mA
Cell Potential
Cell 5 Cell 6 Cell 7 Cell 8
Cells puton discharge 3.25 hrs. after activation
.90 3.20 3.10 3.15
.70 3.14 2.90 3.06
.66 3.08 2.82 . 3.06
.60 3.00 2.74 3.02
.15 2.88 2.68 2.98
00 2.60 2.55 2.90
.20 2.74 2.86 2.94
10 2.35 2.83 2.86
00 0.80 2.78 2.76
78 0.00 (37.5hrs) 2.54 2. 54
.00 (38.5hrs) 2.28 1.86
2.20 1.00
1.50 0.00 (43 Rhne)
1.14 (47.5hrs)
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TABLE VI Continued

CELL PERFORMANCE TESTS
Cell Nos. 9 - 16 (E86 - E93)

A. Construction Data

Cathode: 70% CuF,,. 20% graphite, 10% Nalcon Fiber (National Lead
Company). Filter-mat construction, kerosene vehicle,
pressed at 5.0 pounds per square ipch; 1.91 ampere hours
theoretical capacity.

Anode: Lithium pressed onto expanded Ni screén. Theoretical
capacity 5.7 ampere hours.

Separation: Microporous rubber, 1.1 mm thick

"Electrolyte: Lithium perchlorate,. 1 mole/liter except Acetic Anhydride
saturated. )

Electrode Area: 28.8 cm?
Reference Electrode: Cu wire

Electrolyte Solvent: Cells 9 and 10 (E86 and E87) Acetic Anhydride
Cells 11 and 12 (E88 and E89) Butyrolactone
Cells 13 and 14 (E90 and E91) Dimethyl Sulfoxide
Cells 15 and 16 (E92 and E93) Propylene Carbonate

B. Polarization Data
ot czallPll sata

Test Temperature: 77°F

Time Load, Potantia]l
Cell . Cell Cell Cell
9 10 11 12 13 14 15 16
.5 hrs. 11M 3.59 3.48 . 3.46 3.35 3.27 3.55 3.56
10K 3.60 3.58 3.41 3.38 3.33 3.22 3.50 3.42
1K 3.56 3.55 *3.03 3.00 3.22 2.85 3.20 2.94
333 3.49 3.50 2.64 2.40 3.06 2.15 2.82 2.30
100 3.300 3.35 2.65 2.0
33 2.93 3.02
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TABLE VI Continued

B. Polarization Data Continued

Time

1 hr.

4.5 hr

Load,

1M
10K
1K
333
100
33
11M
10K
1K
333
100
33

C. Discharge Data

Time,
hrs.

Test Temperature: 77°F

Potential
Cell Cell Cell Cell
9 10 11 12 13 14 15 16
3.39 3.37 3.44 3.39 3.30 3.20 3.53 3
3.38 3.36 3.38 3.35 3.28 3.17 3.45 3
3.33 3.33 3.19 3.13 3.12 2.92 3.18 2.
3.26 3.27 2.91 2.82 2.91 2.55 2.86 2
3.06 3.10 2.30 2.10 2.50 2.20
2.70 2.80
3.27 3.24 3.45 3.43 3.18 3.16 3.50 3
3.26 3.23 3.44 3.42 3.17 3.15 3.49 3
3.22 3.19 3.32  3.29 3.11  3.09 3.36 - 3
3.13 3.11 3.13 3.11 3.01 3.00 3.16 3
2.93 2.93 2.65 2.61 2.73 2.71 2.88 2.
2.58 2.61 2.19
Test Temperature: 77°F; Current: 17 mA
Cell Cenn Iotemtial ooy Cell
9 10 11 12 13 14 15 16
Cells puton discharge; time from activation: 5 hrs.
2.90 2.94 2.96 3.18 2.84 2.78 2.52 1.55
2.95 2.95 3.18 3.24 2.95 2.95 2.73 1.94
2.96 3.00 3.22 3.24 2.95 2.95 3.08 2.64
2.96 3.00 3.24 3.24 2.95 2.90 3.10 2.68
2.93 3.00 3.25 3.22 2.93 2.88 3.14 2.75
2.90 2.95 3.20 3.20 2.86 2.86 3.12 2.70
2.88 2.92 3.20 3.17 2.86 2.83 3.11 2.70
2.86 2.94 3.18 3.12 2.78 2.82 3.08 2.65
2.60 2.60 3.10 3.00 2.54 2.30 3.00 2.53
2.40 2.50 3.02 2.92 2.20 1.60 3.02 2.60
2.50 2.50 2.98 2.90 1.80 2.28 3.05 2.69
2.45 2.45 2.88 2.75 1.16 1.70 3.00 2.68
2.45 2.45 2.78 2.65 0.95 1.30 3.04 2.70

.55
.35

.54

.51
.47
.16
.01



TABLE VI Continued

C. Discharge Data Continued

Test Temperature: 77°F; Current: 17 mA

Time,
hrs. Potential
Cell Cell Cell Cell
9 10 11 12 13 14 14 16
42 2.20  2.30 2.0 2.20 0.75 0.95 3,05 2.65
45 1.35 2.10 1.25 0.50 .0.40 0.55 3.05 2.53
46.2 1.70  2.00 1.00 0.00 0.35 0.50
50 2.95 1.87
55 2,87 1.40
60 2.87 0.50
65 2.77 0.00
70 1.90
75 1.50
80 0.80
85 0.25
0.00 (88.2hrs)



A. Construction Data

Cathode:

Anodes:

Separation:
Electrolyte:
Electrode Area:
Reference Electrode:

Electrolyte Solvent:

B. Polarization Data
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TABLE VI Continued

CELL PERFORMANCE TESTS
Cell Nos. 17 - 24 (E78 - E85)

80% MnO,, 15% graphite, 5% paper fiber, filter-mat
construction, water vehicle, compressed at 5 pounds
per square inch, 1.97 ampere hours theoretical capacity
for 1 faraday/mole.

Two lithium anodes pressed onto Ni screen, 5.7 ampere
hours theoretical capacity.

Blotter paper, 0.6 mm

Lithium perchlorate, 0.5 mole/liter

28.8 cm?

Cu wire

Cells 17 and 18 (E78 and E79) Acetic Anhydride
Cells 19 and 20 {E80 and E81) Butyrolactone

Cells 21 and 22 (E82 and E83) Dimethyl Sulfoxide
Cells 23 and 24 (E84 and E85) Propylene Carbonate

Time Load,Q Potential
Cell Cell Cell Cell
17 18 19 20 21 22 23 24
0 8.0 cc of electrolyte solution added to cells
1.0 hr. 10K 3.60 3.60 3.54 3.56 3.55 3.55 3.42 3.42
(76°F) 1K 3.52  3.52 3.32 3.32 3.38 3.32 3.05 3.02
333 3.40 3.43 3.28 3.25 3.23 3.18 2.80 2.75
100 3.16 3.22 3.00 2.94 2.88 2.66 1.76 1.58
33 2.75 2.86 2.60 2.46 1.88 1.56 0.85 0.72
21 hrs. 10K 3.62 3.64 3.48 3.46 3.50 3.55 3.58 3.60
(72°F) 1K 3.45 3.45 3.30 3.28 3.48 3.52 3.48 3.42
333 3.32  3.32 3.20 3.00 3.43 3.46 3.32 3.25
100 3.15 3.15 2.82 2.82 3.30 3.31 3.05 2.92
33 2.82 2.90 2.35 2.40 2.98 3.30 2.75 2.53



-33-

TABLE V] Continued

B. Polarization Data Continued

Time

69 hrs.
(71°F)

Load,

10K
1K
333
100
33

C. Discharge Data

Time,
hrs.

10
20

40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

Potential
Cell Cell Cell Cell
17 18 19 20 21 22 23 24
3.62 3.62 3.27 3.30 3.42  3.47 3.52 3.
3.38 3.40 3.15  3.15 3.40 3.45 3.48 3.
3.15  3.25 2,80 2.92 3.37 3.42 3.35 3.
3.15 3,05 2.50 2.60 3.23  3.26 3.06 3.
2.58 2.66 1.70  2.05 2.90 2.95 2.65 2.
Test Temperature: 115°F; Current: 11 mA
Potential
Cell Cell Cell Cell
17 18 19 20 21 22 23 24
Cells puton discharge; time from activation: 71 hours
3.22  3.22 2.90 2.90 3.02 3.02 3.05 3.05
3.22  3.20 2.66 2.66 2.95 3.00 3.00 3.02
2.55 2.75 1.30 0 2.82 2.92 2.85 2.90
0 0 2,72 2.88° 2.75 2.80
2.63 2.88 2.58 2.72
2,48 2.80 2.30 2.55
2.34 2.80 2.10 2.36
2,10 2.70 1.40 2.20
1.82 2.60 0.80 1.84
1.62 2.54 0.40 1.25
1.40 2.43 0.22 1.08
1.20 2.33 0.10 0.70
1.05 2.16 0.0 0.56
1.00 1.98 0.45
0.98 1.80 0.32
0.94 1.50 0.14
1.10 1.52
0.91 1.23
0.90 1.10
0.83 0.97

52
48
36
05
65



Test Temperature: 77°F
Current: 17 mA

Cell 10 (AA)
Cell 11 (BL) .
Cell 14 (DMSO)
Cell 15 (PC)

Hours

FORM FM-101

FIGURE 2

DISCHARGE CHARACTERISTICS OF Li-CuF, CELLS
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cells, the negativesbecame polarized to limit capacity. Upon re-
turning the cells to open circuit, the potentials of the A_‘CAN cells
recovered instantaneously to near their original‘open circuit:values,
while the recovery of the potential of positive-limiting cells was

relatively slow.
2.2.2. Wvaluation of Electrolyte Solvents in Research Cells

The four electrolyte solvents described in Section 2 2.1. were
further evaluated using the "Research Cell" techmque (Reference 2)
which permits momtormg the potentlals of the positive and negatlve
electrodes, as well as changes in cell resistance during the discharge.
Voltage-time curves for four cells built with the various electrolyte
solvents are inresented in Figures 3 to 6, paées 40 to 46. The electro— .
chem1ca1 utlhzatmn of the pos1t1ve a.ctlve material was in the range
50 to 60 per cent at 1 mA/cm (about 80 hour rate) for propylene
carbonate and dimethyl sulfoxlde, wh11e for the butyrolactone cell
it was 25‘per cent. The cell built with acetic anhydrlde electrolyte
Wsuffered negative polarlzatwn af’cer about eight hours of dlscharge,

which limited its capacity to less than ten per cent of the available

CuF, in the positive electrode.
2.2.3. Evaluation of Cathode Construction Methods in Experimental Cells

A number of experimental cells were built and discharged in order
to study the effect of several physical and chemical variables on the
performance of the system.

Cells having flat-plate construction with an electrode area of about

30 cmz,,were continued to be used in the tests. The two-anode, one-
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cathode cells were designed to have an excess of negative capacity
(3 - 6 ampere hours negative versus | = 2 ampere hours positive),
making the cells positive-limifing; this assumption was substantiated

by reference elctrode measurements on several cells,

The performance of the CuF, electrode improved substantially
when kerosene-base filter pad Qons;:ructiqn was employed in place
of the previously used dry~press techpique. Further improvement
in capacity and reproducibility of results was ohserved when poly-
ethylene-coated cellulose fiber was substituted for paper pulp as

the binder for the positive active material.

A summary of cell discharge tests performed during the quarter are
presented in Table VII, page 49. A final cell voltage of abqut 1.5
volts was adopted for the electrochemical efficiency studies (versus
0 VF'employed in earlier work); this change was made begcause
evidence of reduction of several solvents (DMSO and MF) was
observed when the cell poteni;ial was allowed to decrease to 1,0 »

1.5 volts, giving erroneously high figures for the apparent efficiency

of reduction of the CuF,.

At the present, reduction efficiency of the CuF, electrode is about

80 per cent to 1.5 volts per cell af the 20~ to 30-hpur rate in methyl
formate electrolyte at room temperature §Cells Nos. E115 and E117).
The average discharge voltage under these‘ conditions was 2.5 to 2.6
volts, which has been estimated to be equivalent to 160 to 170 watt

hours per pound of cell (Reference 4) for the CuF, ~ Li system.

10 VF = zero volts final cut~off
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LEGEND TO FIGURES 3 - 6

Research Cell Runs

Positive reference versus negative veference: working cell
on open circuit

Positive reference versus negative reference: working cell
on clpsed circuit

Positive working electrode versus the negative working electrode:
working cell on open circuit

Positive working electrode wersus the negative working electrode:
working cell on closed circuit

Positive reference versus the positive working electrode: working
cell on open circuit

Positive reference versus the positive working electrpde: working
cell on closed circuit

Negative working electrode versus the negative reference: working
cell on open circuit

Negative working electrode vergsus the negative reference: working
cell on closed circuit
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CODE TO TABLE VII

PP - Paper Pulp
BP

Blotter Paper
MPR - Microporous Rubber
MF

Methyl Formate
BL - Butyrolactone
DMSO - Dimethyl Sulfoxide

WP - Wéter Pad
DP ~ Dry Pressed
FP - Filter Paper, Whatman #50

nBF - n-Butyl Formate

AA - Acetic Anhydride

PC - Propylene Carbonate
THF - Tetrahydrofuran

KP ~ Kerosene Pad

N - Nalcon

#Electrochemical equivalent of CuF,-MnO,
cells’based on 2 electron change/mol CuF,
an 1 electron change/mol MnQ,
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TABLE VII

SUMMARY OF

CATHODE ANODE SEPARATION
g . i
g X S . @
o R B i A i3
= 2% 0§ 0§ %y Bs 05 %y ow| B4
3 53 g 5 - a8 s d . k 2 £
0 <= O M B o b = E w < = &g
£-56 MnO, WP PB 8.5  1.72% i 1.2 4.63| 7P
E-67 CuO wp PP 85  3.82% i 1.2 4.63| FP
E-68 MnO, WP PP 8.5 1.72 ‘Li 1.2 4.63| FP
E-69 MnO, WP PP 8.5 1.72 T Li 1.2 4.63| FP
E-70 CuF, DP PP 2.0 92" Li 75 2.9 | BP .6
E-71 CuF, DP PP 2.0 92 Li .75 2.9 | BP .6
"E-72 CuF, DP PP 2.0 .92 Li 75 2.9 | BP .6
E-73 CuF, DP PP 2.0 .92 Li .75 2.9 | BP %
E-74 CuF, DP PP 2.0 92 Li 75 2.9 | MPR 1.1
BE-75 CuF, DP PP 2.0 . 855 Li 75 2.9 | MPR 1.1
E-76 CuF, DP PP 2.0 .855 Li .75 2.9 | MPR 1.1
E-77 CuF, pP PP 2.0 855 | Li 75 2.9 | MPR  1:1
\E-78 MnO, WP PP 8.0 1.97 Li 15 5.7 | BP .6
E-79 MnO, WP PP 8.0 1.97 Li 1.5 5.7 | BP .6
£-80 MnO, WP PP 8.0 1.97 Li 1.5 5.7 | BP .6
E-81 MnO, WP PP 8.0 1.97 Li 1.5 5.7 | BP .6
E-82 MnO, WP PP 8.0 1.97 Li 1.5 5.7 | BP 6
£-83 MnO, WP PP 8.0 1.97 Li 15 5.7 | ‘BP .6
.E-84 MnO, WP PP 8.0 . 1.97 Li 1.5 5.7 | BP .6
£-85 MnO, WP PP 8.0 1.97 Li 1.5 - 5.7 | BP .6
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ELECTROLYTE

DISCHARGE

REMARKS

o »
% g8 wd  wa B
2] n [ g H ot
o < o 0 w 0 Jla e) 29
. S s Q5 A -
4 9] 3 t i O . O+ [<3) E= )
g g 3 | B =B — 3 © o =~
> 3 E| § 2 LR g = oA
= ] 3 0.0 Q = H AR 873 M)
@ > ] on | S0 fx O B> < >
DMSO 8 LiCio, | 3.60 11 3.40 1.507 133 1746
DMSO 8 LiClO, | 3.10 11  2.30  1.50 38 42
nBF 8  AlCIs 4.07 5 3.20 1.50 3.0 .pl5
AA 8 Liclo, | 3.07 25 3.25  1.50
AA 5  1iClo, | 3.26 17  2.75  1.50 10 17
BL 5  1iClO, | 3.30 17 3,00 1.50 14 .238
DMSO 5 LiClo, | 3.28 17 2.76  1.50 5.8 .099
PG - 5 1iClo, | 3.30 17 1.90 1,50 16 .272
AA 7 LiClO; | 3.54 6 2.88  1.50 30.5  ,183
BL 7 LiClOg | 3.43 6 3.18  1.50 25.1 . .151
DMSO 7  LiClo, | 3.27 6 3.04 _1.50 39  .234
PC 7 LiClo, | 3.53 6 3.10 1.50 33.5 205
AA 9.5 LiClO, | 3.60 11  3.43  1.50 37 . 407
AA 9  LiCIO, | 3.60 11 3.4  1.50 36.5 . .400
BL 7 Liclo, | 3.54¢ 11  3.18  1.50 29.4  .324
BL- 8 LiClO, | 3.56 11 3.20 1.50 27  .297
DMSO 9 1iClO, | 3.55 11  3.25  1.50  104.1 1.145| 58% efficiency
DMSO 10 LiClO; | 3.55 11 3,28  1.50 160 1,76 | 89.5%efficiency
PG 11 1iclo, | 3.42 11 3.30  I1.50 78.8.  .865 |
PC 12 LiClo, | 3.42 11 i 8 53.5%efficiency

3,32 .50 95.

1.0565
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TABLE VII

SUMMARY OF

CATHODE ANODE SEPARATOR
g -
) - — = N
b ] S s Py
S o g & 13 ] p o o
z o g 5 b b . G b . T g
> 0 7 2 ° g o o g n ° &4
=1 PR =] a - @ [} - @ + ~.-«E
[} 08 Q . L8 = s s 8 . © a8
O < 3 O fa oo B = 2w < = 3t
E- 86 Cur, KP N 5.2 1.91 i 1.5 5.7 | MPR 1.1
E- 87 CuF, KP - N 5,2  1.91 Li 1.5 5.7 | MPR 1.1
E- 88 | CuF, KP N 5.2 1.91 Li 1.5 5.7 | MPR 1.1
E- 89 CuF, KP N 5.2 1.9% Li 1.5 57 | MPR 1.1
E- 90 | CuF, KP N 5.2 1.91 Li 1.5 5.7 | MPR 1.1
- 91 CuF, KP N 5.2 1.91 . Li 1.5 5.7 | MPR 1.1
E- 92 | CuF, KP N 5.2 1.91 Li 1.5 5.7 | MPR 1.1
E- 93 CuF, KP N 5.2 1.91 Li 1.5 5,7 | MPR 1.1
E- 94 | GCuF, KP N 5.2 1.91 Li 1.5 5.7 | MPR 1.1
E- 95 | CuF, KP N 5.2 1.91 Li 1.5 5.7 | MPR 1.1
E- 96 | CuF, XKP N 5.2 1.91 i 1.5 5.7 | MPR 1.1
B- 97 CuF, KP N 5.2 1.91 Li 1.5 5.7 | MPR 1.1
E- 98 | V,0s DP N 5.0 Li 1.5 . 5.7 | MPR 1.1
E- 99 | V,0s DP N 5.0 Li 1.5 5.7 | MPR 1.1
E-100 | V,0s DP N 5.0 Li 1.5 5.7 | MPR 1.1
E-101 CuF, DP N 5.0 1.84 Mg 4.3 8.6 | MPR 1.1
CuF, -
E-102 | MnO,- DP N 5,0  1:62% Li 1.5 5.7 | Glass 1.0
1:1
CuF,
E-103 | MnO, DP N 5.0 1.62 Li 1.5 5.7 | MPR 1.1
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DISCHARGE

ELECTROLYTE REMARKS
) [0]
- TR o 8 ER Té’
) Q 5 gt Sy —
3 SR = e " =
13} < o 0 S > [y
A o7 3 5 )
+ o 6 e g = O i) 0
o g o ] .o =5, 3 g =~
[ + g e 85 W © 98 ; 8
2 = 2 ¢ % s 25 o & g 2 o a
. b1 AR i :
& S @ &a q &0 &0 &> <&
AA 8 LiClO, |[° 17 3.10 1.50 44.7" 760
AA ‘9 LiClO, | 3.59 17 3.10 2.00 46.2 .785
BL 9. LiClo, | 3.48 17 3.05 1.50 45.9 .780
BL 9  LiClO, | 3.46 177 2.9 1.50 44.7. .760
DMSO 8  LiClOo, | 3.35 17 2.90 1.50 35.2 .60Q
DMSO 9 LiGlo, | 3.27 ﬁ\7 2.80 1.50 38.7 .658
PC 8 LiClo, | 3.55 17 3.10 1.50 76.5 -1.30 | 68% efficiency
PC 8 LiClo, | 3.56 17 2,50 1.50 55.9 .95
MF 7. LiClO, | 3.46 195, 2.60 1.50 3.75 732
MF 7 LiClO, 15 3.20 1.50 17.64 .262 | testtemp.-40°C
MF 7 LiClO, 15  3.20 1.50 - 17.64 .262 | testtemp.-40°C
MF 7 LiClO, 50Q 2,95 1.50  15.3 .688 | testtemp.-40°C
PC 7  LiClOo, | 3.55 15 3.00 1.50 11.7 .175
MF 7-  LiClO, | 3.46 25  3.05 1.50 41.2 .03
PC 7 LiClO; | 3.40 5  3.00 1.50 31.75 159
NH; LiClo, | 2.30 100Q 1.93 1.50 1.2 test temp.-40°C
THF 7  1iclo, | 3.95 25  3.75 1.50 32.5 .814 | 50.2%efficiency
MF 7  Liclo, | 3.90 25 2,70 1.50 62.4 1.56 | 96.5%efficiency
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TABLE VI

SUMMARY OF

CATHODE : ANODE | sEPARATION
. ) -
2 E E _ & g
: e g £ £ £ s E P
2 v % E 5 5 T o % g
- 50 - ¥ %8  $a g 8 2 ?E
— + n . . fd .
) 0 8 [ . 2L g . 8 e - <
0. < 3 ) A W B< - Bh < = B
] CuF,- '
E-104 MnOj DP N 5.0 1.62 i 1.5 5.7 MPR 1.1
1:1 .
E-105 CuF, KP N 7.3 1.84 Li 1.2 - 4.63 | Glass 1.0
E-106 Cu0 WP PP 10.3  3.82% Li 1.2 4.63 | MPR 1.1
CuF, i
E-107 MnO, - WP N 13 3.01 Li 1.5 5.7 | MPR 1.1
1:1 .
E-108 | GuF, KP N 41 1.51 | Li 1.2 463 | Glass 1.0
. éuFZ R . .
E-109 | MnO, WP N 9.0  3.01 Li 1.5 5.7 | MPR 1.1
1:1 ° .
‘GuF, -, i . ) .
E-110 MnO, WP N 13.0  3.01 Li 1.5 5.7 | MPR 1.1
1:1
E-111 CuF, KP N 7.4  2.70 Li 1.5 MPR 1.1
E-112 CuO WP PP 4.0 1.91 Mg 2.0 4.0 | MPR 1.1
E-113 CuF, _.KP _.N 3.75 1.38 Li 1.5 MPR 1.1
E-114 CuF, KP N 4.00 1.48 i 1.5 5.7 | MPR 1.1
E-115 CuF, KP N 3.53  1.30 Li 1.5 5.7 | MPR ' 1.1
CuF, L, .
E-116 MnO, KP N 19.0 ~ 6.81 i 3.0 11.4 | Glass 1.0°
. 1:1 .
B-117 CuF, KP N 4.17 1.54 | Li 1.5 5.7 | MPR 1.1
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ELECTROLYTE DISCHARGE REMARKS
) % =
= T8 wg- Ta g
=] [~ O = ooH -t
31 « o © g o [ Ee} fxy
=g £ O 87 9¢ 8
- 0] O a - Qe 29 =
et E © S . 1 ot o0 o~ o
3] o o g o 11 3 T‘d g 0o o - @
s 5 4 | A5 8 fy EE B3 3
p~aRTS ) ot ol .
@ > @ o' 4 &6 &BO B <&
MF 7 LiClO, 4.10 25 4.Q0 1.50 64.7 1.62 100% efficiency
THF 10 LiClO, 3.55 25 3.20 1.50 36.1 1.40 76 .5%efficiency
THF 10 LiClO, 3.40 10 2.50 1.40 40 , 400
THF 7 LiClO,4 3.75 15 3.25 1.50 15. 88 . 238
THF 10 LiClO, 3,62 25 3.18 1.75 30 . 750 49.6%efficiency
MEF 8 LiClO, 3.75 21 3.54 1.50 67.1 1.41
MF 8 Liclo, | 3.75 21 3,58 1,50 90 1.89 | 62.8%efficiency
MF 7 LiClOQy4 3.55 25 3.42 1.50 58.8 1.46 549, efficiency
AA 10 LiClO, 2.04 25 1.66 1.50 1.20 . 030
MF 8 LiClO, 3.53 25 1.70 1.50 17.8 . 445
ME 3 LiClO, 3.56 &5 2.90 1.50 24. 2 . 605
MF 8 LiClO, 3.50 50 3.17 1.50 20.6 1.03 79.3%efficiency
. 21 3.764 1.74 180 -
MF 13 LiClO, 3.80 17 1.85 1.50 35 4.30 63.3%efficiency
MF 8 LiClO, 3.60 50 3.20 1.50 24.7 1.26 81 .7%efficliency
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3. ACTIVITY PLANNED FOR THE THIRD QUARTER

The following activity has been planned for the 7th, 8th, and 9th

months of the contract period:
1. TFurther evaluation of the filter-mat construction of the CuF,
electrode with consideration of hoth processing and composition

variables.

2. Study of electrolyte drying methods and the effect of water con-

centration in MF, PC, and other electrolytes on cell performance.

3. Further study of the properties of selected ternary (ligand} electrolyte

systems.

4. Study of cathode materials other than CuF,.
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4. APPENDIX

STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS
AND ELECTROLYTE SOLUTIONS
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TABLE A T

STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS
AND ELECTROLYTE SOLUTIONS

Test No. 1
Solvent: Butyrolactone, Antara (General Aniline & Film Corp.)

t
Result: Gassing, Li discolpred after five hours; Li heavily digcolored
after 24 hoyrs. ’

Test No. 2
Solvent: Butyrolactone, Antara, GaO dried for 60 hours

Result: Li discoloration after 72 hours, heavy discoloration after 168
hours except where notbacked with Ni. No further change after
three weeks. )

Test No. 3
Solvent: Butyrolactone, Matheson, Celeman & Bell
Result: Similar to Test No. 2.

Test No. 4

Solvent: : Butyrolactone, Aldrich

Result: Similar to Test No. 1, except no discoloration where no.
with Ni.

Test No. 5

Solvent: Propylene Caibonate, Eastman

Result: Heavy discoloration of Li in 24 hours.

Test No. 6

Solvent: Propylene Carbonate, Jefferson

Result: Similar to Test No. 5, except no discolgratio» ~whave not backed
with Ni.

Test No. 7

Solvent: Pro‘pylene Carbonate, Matheson, Coleman & Bell

Result: Moderate discoloration after 168 hours; no further change after
three weeks.

Test No. 8
Solvent: Dimethyl Sulfoxide, Crown Zellerbach

Result: No Li corrosion after three weeks, solvent strongly yellowed.



Preceding nage hlank
63w

TABLE A Continned

STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS

Test No.

Solvent:

Result:

AND ELECTROLYTE SOLUTIONS

9
Acetic anhydride, Merck

Translucent film on Li after 168 hours; slight Li discoloration
after three weeks; solvent slightly yellowed.

Test No.

Solvent:
Result:

10
Methyl Formate, Matheson, Loieman & beil

White corrosion product after two hours; moderate gassing.
j

11

Test No.

Solvent:

Result:

Methyl Formate, Matheson, Coleman & Bell, CaQ dried
Similar to Test No. 10.

12

Test No.

Solvent:

Result:

Nitromethane, Matheson, Coleman & Bell

Moderate Li discoloration after 24 hours, heavy after 168 hours.

13

Test No.

Solvent:

Result:

N, N-Dimethyl Formamide, Matheson, Coleman & Bell, CaO dried

Solvent yellowed after six hours; yellow deposit on Li after- 24 hours;
system solidified after 48 hours (gelled).

Test No.

Solvent:

Result:

14
Pyridine, Fisher

Reddish brown film formed immediately on Li surface; system
solidified in six hours.

i5

Test No.

Solvent:

Result:

n-Butyl Formate, Eastman

No discoloration after eight hours; moderate discoloration after
24 hours; no change after 48 hours; white film on 1.i after 168 hours.
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TABLE A Continued

STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS

AND ELECTROLYTE SOLUTIONS

16

Test No.

Solvent:

Result:

2-Butanone, Matheson, Coleman & Bell

White decomposition product on Li after ten minutes; after two
hours, yellow product on Li; white precipitate in solution.

17

Test No.

Solvent:

Result:

Ethyl Formate, Matheson, Coleman & Bell

Traces of yellow condensate on Li after two hours; heavily decom-~
posed after 'six hours.

Test No.

Solvent:

Result:

18
N-Methyl 2-Pyrrolidone, Antara

Moderate Li discoloration, solvent pink after 24 hours; heavy dis-
coloration after 48 hours, solvent amber. After 168 hours, heavy
decomposition.

Test No.

Solvent:

Result:

19
N-Methyl 2-Pyrrolidone, Antara, CaO dried

Moderate Li discoloration, solvent pink after 48 hours. Yellow
film on Li after 168 hours.

20

Test No.

Solvent:

Result:

Test No.

Solvent:
Solute:

Result:

N-Methyl 2-Pyrrolidone, Matheson, Coleman & Bell

Heavy Li discoloration after 24 hours, solvent deep rose. Heavy
corrosion after 168 hours.

21

Butyrolactone, Antara, CaO dired

LiClOy4 160 g/liter of solvent

Gassing on Ni after 24 hours, Li slightly discolored; Ii heavily dis-
colored after 168 hours.
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TABLE A Continued

STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS

AND ELECTROLYTE SOLUTIONS

22

Test No.

Solvent:
Solute:

Result:

Propylene Carbonate, Matheson, Coleman & Bell
LiClOy4, 160 g/liter

No apparent reaction after 168 hours

23

Test No.

Solvent:
Solute:
Result:

Dimethyl Sulfoxide, Crown Zellerbach
LiClOy, 180 g/liter

Gas bubbles on Ni after four hours; no discoloration after 24 hours.
Moderate Li discoloration after three weeks.

24

Test No.

Solvent:
Solute:

Result:

Acetic Anhydride, Merck
LiClOy4, 50 g/liter

No apparent decomposition after 24 hours; greyish discoloration
after 48 hours; whitish translucent film after 60 hours.

25

Test No.

Solvent:
Solute:
Result:

n-Butyl Formate
LiClOy, 160 g/litex

Immediate reaction, solvent truned dark red.

26

Test No.

Solvent:
Solute:
Result:

Butyrolactone, Antara, CaO dried
AlCls, saturated (ca. 67 g/liter)

Greyish film on Li after 24 hours; no further change after 168 hours.

27

Test No.

Solvent:
Solute:
Result:

Propylene Carbonate, Matheson, Coleman & Bell
AlCls, 67 g/liter
Grey deposit on Li after 24 hours; no further change after 168 hours.
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TABLE A Continued

STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS

AND ELECTROLYTE SOLUTIONS

Test No.

Solvent:
Solutée:

Result:

Test No.

Solvent:
Solute:

Result:

28
Acetic Anhydride
AlCl3, saturated

Greyish deposit on Li after 24 hours; solution cloudy, white precipi-
tate after 168 hours.

29
n-Butyl Formate, Eastman
AlCls, 67 glliter

1i covered with white film after 70 hours; white precipitate on
bottom. of test tube.

30

Test No.

Solvent:
Solute:
Result:

Butyrolactone, Antara, CaO dried
LiCl, 33.3 g/liter, saturated

Gas bubbles on Ni after four hours; slight Li discoloration on Ni
side after three weeks; solution light tan.

Test No.

Solvent:
Solute:
Result:

31
Propylene Carbonate, Matheson, Coleman & Bell
LiCl, 0.5 g/liter

Gas bubbles on Ni after four hours; heavy Li discoloration aiter
three weeks, white precipitate on bottom of test tube.

Test No.

Solvent:
Solute:
Result:

32
Dimethyl Sulfoxide, Crown Zellerbach
LiCl, 75 g/liter (saturated)

No reaction after 24 hours; moderate Li corrosion on Ni side after
three weeks

Test No.

Solvent:
Solute:
Result:

33
Acetic Anhydride
LiCl, 0.5 g/liter

No reaction after 24 hours; translucent film on Ni side of Li after
three weeks.



TR | Preceding page blank

TABLE A Continued
STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS
AND ELECTROLYTE SOLUTIONS
Test No. 34
Sé)lvent: Nitromethane, Matheson, Coleman & Bell
Solute: LiCl, <0.5 g/liter, saturated

Result: Li discoloration after four hours, heavy Li discoloration after 24 hours.

Test No. 35

Solvent: Butyrolactone, Antara, CaO dried

Bolute: LiF, <0.5 g/liter; saturated

Result: Li discoloration after 24 hours; heavy discoloration on Ni side after

three weeks.

Test No. 36 )
-Solvent: ’Propylene Carbonate, Matheson, Coleman & Bell

Solute: LiF, <0.5 g/liter, saturated

Result: Similar to Test No. 35.

Test No. 37,
Solvent: ' Dimethyl Sulfoxide, Crown Zellerbach
Solute: LiF, <0.5 g/liter, saturated

Result: Similar to Test No. 35

Test No. 38
Solvent: Acetic Anhydride, Merck
Solute: LiF, 5 g/liter, saturated
Result: . No reaction after 24 hours; after three weeks, translucent film on
A, moderate discoloration on Ni side.
Test No. 39
Solvent: Nitromethane, Mathesoh, Coleman & Bell
Solute: LiF, 5 g/liter, saturated

Result: Slight Li discoloration after four hours; heavy Li discoloration
after 24 hours :
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TABLE A Continuea
STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS
AND ELECTROLYTE SOLUTIONS
Test No. 40
Solvent: Butyrolactone, Antara, CaO dried
Solute: CuF,, <0.5 g/liter, saturated
Result: Gas on Ni after 24 hours; after three weeks, discoloration on Ni
side and Li side opposite Ni screen aonly.
Test No. 41
Solvent: Propylene Carbonate, Matheson, Coleman & Bell
Solute: CuF,, <0.5 g/liter, saturated
Result: Slight ILi discoloration after four hours; heavy discoloration after
24 hours.
Test No. 42
Solvent: Dimethyl Sulfoxide, Crown Zellerbach
Solute: CuF,, <0.5 g/liter, saturated
Result: No apparent reaction after 168 hours. Moderate Li digscoloration
on Ni side only after three weeks. .
Test No. 43
Solvent: Acetic Anhydride
Solute: CuF,, <0.5 g/liter, saturated
Result: Solution initially green; white deposit on Li after 24 hours; after
168 hours, solution colorless.
Test No. 44
Solvent: Nitromethane, Matheson, Coleman & Bell
Solute: CuF,, <0.5 g/liter, saturated
Result: Li discoloration after four hours; heavy discoloration after 24 hours
After 168 hours, solution colorless.
Test No. 45
Solvent: Butyrolactone, Antara, CaO dried
Solute: CuCl,, 0.5 g/liter

Result: Amber soh;.tion turned colorless after 168 hours; Ii severely dis-
colored (Cu deposits).
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TABLE Al Continued

STABILITY OF Ni/Li SAMPLES IN VARIOUS SOLVENTS

AND ELECTROLYTE SOLUTIONS

46

Test No.

Solvent:
Solute:
Result:

Propylene Carbonate, Matheson, Coleman & Bell
CuCl,, 5 g/liter

Dark amber solution turned colorless after 168 hours; severe Li
discoloration; solution gelled.

47

Test No.

Solvent:
Solute:
Result:

Dimethyl Sulfoxide, Crown Zellerbach
CuCl,, 25 g/liter, saturated

Dark green solution turned amber in 168 hours; no Li remaining;
Ni grid copper plated.

Test No.

Solvent:
Solute:
Result:

48
Acetic Anhydride, Merck
CuClp, <0.5 g/liter, saturated

Green solution turned colorless in 168 hours; Li heavily discolored
(Cu plating).

Test No.

Solvent:
Solute:
Result:

49
Nitromethane, Matheson, Colerhan & Bell
CuCl,, 0.5 g/liter, saturated

Heavy Li discoloration in 24 hours. Solution remained dark green
after 168 hours.
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