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ABSTRACT

From continued investigation into the defining factors involved
on cold activation, the conclusion is reached that cathode electrode fabri-
cation and processing variables are causing the variance of 0.5 second to
about 3 seconds., Separator development has resulted in increasing capacity
and permitting use of thinner cells, both of which result in approximately
doubling the energy per unit weight to a maximum of 4,51 watt-hours per
pound,




PURPOSE

The purpose of this contract is to carry on research and develop-
ment on the use of liquid ammonia as an electrolyte solvent with various
cathode and anode materials, toward determining the applicability of the
system generally in batteries, Specifically, the program will include the
following investigations:

A. A comprehensive study of possible cathode materials for use
with conventional anodes, such as: magnesium and zinc immersed in liquid
amonia electrolytic solutions. Cathodic materials of possible use in
liquid ammonie systems fall into several classes which include oxides,
both inorganic and organic, reducible inorganic salts and metallic nitrides,
vwhich are the "oxides" of the nitrogen system. Studies sball include meas=-
urement of E.M.F., electrode voltage as a function of discharge current den~
sity and temperature, determination of reaction products, effect of local
action on electrode potential and coulometric capacity and effect of con-
taminants in liquid ammonia on electrode properties. Desirable character-
istics of cathodic materials include: (1) ability to maintain good cell
voltage level under high and low rate discharge conditions over a wide
range of temperature (-65° F to +165° F); (2) stability in electrolyte
for long periods of time over a wide temperature range; (3) small tempera-
ture coefficient of voltage, and, (4) ease of fabrication into practical
electrode structures.

B. Investigation of liquid ammonia electrolyte systems will
be undertaken for optimum per formance of new ammonia battery systems.
Acid, neutral and alkaline solutions are to be investigated. Mixed salts
can be used to import desirable electrolyte properties. The physical and
chemical properties of the salts and solutions will be investigated in-
¢luding such measurements as solubility, vapor pressure and conductivity
as functions of temperature and concentration. Determination of stability
and interaction with other cell components will also be made.

Studies will be made to establich cell design information best
suited to achieve optimum per formance throughout the temperature range of
-65° F to +160° F. The investigations should provide practical design in-
formation which can be used for future battery development.

The Power Sources Division of USAELRDL has performed much work
in this area and is continuing with its studies. Since this Division is
monitoring the present contract, it is important to state that the contrac-
tor will maintain close liaison and will be prepared to cooperate with their
suggestions through conferences, etc., toward accelerating and any altering
of the plans of the contract effort, This, of course, may be brought about
by the bringing to light of information by both laboratories and by changes
as to emphasis on certain type batteries, etc. The contractor will obvi-
ously assume full responsibility for the quality of the contract effort.




CONFERENCES

On November 24, 1962, a conference was held with USAELRDL at
Fort Mommouth, attended by Mr., Howard Rnapp of the Signal Corps, and Mr.
L. R. Wood and Dr, D, J. Doan of The Eagle~Picher Company. The details
of the work to date were discussed and reviewed. The following was agreed
on for the current effort to be stressed:

A, High Rate Application

(1) In the battery development, stress should be placed
on consistent activation and capacity, regardless of voltage
(cells) of the battery.

(2) Perform single cell tests as required in problem=
solving for the units under (1).

(3) Continue effort toward concentrating the cell struc~
ture,

B, _Low Rate Application
(1) Investigate S, M~DNB and PbO,.

(2) 1Investigate possible procedures for drying electrolyte,
Pb~Na, NaNH;, MgSCN, MgCl0z;, and molecular sieve.

(3) Continue investigation of gassing from magnesium to
find a system (electrolyte and type magnesium, etc,) that will
gas a minimum,

(4) Proceed with fabrication of complete cells and multi-
cell units as the research and development indicates,




I, INTRODUCTION

The general direction of the effort has been outlined in the
"Conference” section of Report No., 9, or the First Quarterly Progress Re-
port of the current contract. Primary effort was devoted to battery in-
vestigation, separator development leading toward concentration of the
cell structure, At the latter part of the interval, a number of nitrides
and carbides were received. A number of borides are still on order with
a promise of delivery, These are scheduled for screening tests for high
and low rate performance.

A paper has been prepared for presentation at the Fifth Ammonia
Battery Symposium, January 29-30, 1963, at Plymouth Meeting, Pennsylvania.

- 35 -
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I, F DATA

A, Multicell Units

As designated in the program for this interval, considerable
effort was directed toward automatic multicell operation. Improvement
of cell design to increase energy per unit weight of the system has been
of paramount interest and significant advancement has been made in this
area.

Hardware design remains basically unchanged although develop-
ment of a curved squib~holder and use of 0,625 inch diameter electrolyte
reservoir has reduced battery length approximately one inch, Current
units are 5.2 inches long, 4.25 inches in diameter, and weigh 1450 grams.
Figure No. 15 shows a completed unit with curved squib-holder and large
coil. Progress in cell design has permitted use of additional cells,
thus increasing the voltage per unit volume,

Maximum high rate (270 MA/:Ln.z) energy output obtained was
4.51 watt-hours per pound. Minimum activation time recorded was 0,45
second. Specific data concerning multicell operation is shown in Table
No. X.
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1. Automatic Activation

Variations in cold activation times remain a problem in multicell
operation, Prior work on thig variation indicated intercell leakage and
electrolyte location in the reservoir as primary factors, Complete analysis
of the problem has been delayed since the program calls for a transition
from 12 to 28 volt units, which would probably necessitate re-evaluation
of the same problem, Average cold activation time variation due to the
heretofore described factors is one to three seconds. The extreme varia-
tions reported in Table No. X are assumed to be a result of using experi-
mental gas generators fabricated by Eagle-Picher personnel. Use of the
curved squib-holder necessitated fabrication of cpecial generators. Figure
No. 16 shows cold activation curve variations resulting from use of special
experimental generators. Battery No. 118 was known to be 0.25 gram defi-
cient on propellant and the diaphragm rupture lag time indicates the impor-
tance of this factor. Battery No. 120 was tested using a standard U,M.C.
gas generator to verify the activation observations.

Laboratory work has been initiated to establish the necessary
corrections in curved squib fabrication. Squib-holders are presently made
from coil sections cut to proper length. Figure No. 17 compares the earlier
model and current 'banana' type holders. Tests regarding rupture strength
of curved holders are shown in Table No. XI. These values apply also to
electrolyte reservoirs which demonstrate the possibility of reducing wall
thickness and thus, weight of the coil since 3000 psi is sufficient to
withstand activation and operation pressures.
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TABLE NO, XI

COIL RUPTURE DATA

PART DESCRIPTION 0.D. I.D, RUPTURE

NO, =in,- -in,- -psi-
1 Coil section 0,625 0.569 6800
2 Coil section 0.625 0,569 6700
3 Coil section 0.625 0,569 6750

- 42 -




2, Efficiency Stud

Significant improvement of multicell cfficiency has been accomp~
lighed. This improvement resulted from control of active material diffu-
sion through control of separation porosity. Observation had been made
that many of the battery end voltages had been reached along with the de~
velopment of some noise and substantial open circuit voltage at 30 to 50%
efficiency. It was reasoned that this may be due to migration and gslvanic
precipitation of silver on the magnesium, Undisturbed growth would, of
course, cause a shorting condition. Single cells have always been higher
in efficiency and did not show (when Vexar is used) the shorting. It is
reasoned that preventing some boiling or disturbance in single cell testing
is difficult, This silver bridging is readily broken. Therefore, a better
index of effectiveness of separation is the amount of silver deposition
present under various conditions. Table No., XII shows laboratory work
from which the calendaring technique was derived. Optimum results were
obtained in cells containing three layers of Pellon pressed at 300° F for
10 seconds under 22,000 pounds total pressure.

Incorporating this technique into battery operation resulted in

considerable efficiency gain as shown in Table No. X (Battery Nos. 116 =~
120).

- 43 -
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3, Cell Design

Previous experimental work indicated the necessity of using 0.5
inch wide cell cavities. Development of the calendering technique, how-
ever, has evidently decreased premature and unpredictable shorting, Reduc~
tion of cell cavity width was therefore attempted in Battery No, 120. (Cell
designs for batteries are shown in Table No. XIII.) This urit was of stan-
dard size but contained additional cells. Activation was very good (Fig-
ure No., 18) and efficiency was only slightly low., The unit delivered 3.63
watt~hours/pound at the high rate,

Table No. XIV shows further laboratory work toward cell width
reduction. Cell Nos. 998 through 1001 were pilot runs preparatory for
Battery No, 120 previously discussed. Cell Nos. 1002 through 1004 were
designed with reduced Vexar width and tested in 0,250 inch cavities. The
efficiencies obtained from this design were significantly low due appar-
ently to electrolyte limitation between the cathodes. Normal swelling of
cathodes prohibited gas evolution regardless of the presence of small Vexar.
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Cell Nos., 1005 through 1009 were assembled without Vexar and
with corrugated anodes. The corrugation would permit gas evolution chan~-
nels even though the anode and cathode made contact along the anode ribs,
Efficiencies were sub-standard and it is assumed that shorting through
the Pellon separation was responsible, even though open circuit values
did not indicate this, Examination of discharged cells revealed silver
build-up through the Pellon in areas adjacent to the anode ribs., Addi-
tion of an extra Pellon thickness improved efficiency approximately 15%,
although voltage levels were inconsistent and multicell activation would
very likely be impaired. Cell Nos. 1010 and 1011 were used for these
obgervations. Cell Nos, 1012 and 1013 were assembled in 0,250 inch cell
cases using small Vexar to prevent shorting, and corrugated anodes to
allow gas evolution. Results were considerably better than previous
thin cells and equalled results of 0.5 inch cases, Efficiency to 907%
peak load voltage was 69,07 and 67.0% in Cell Nos., 1012 and 1013, respec-
tively., Figure No. 19 shows Cell No. 1013 after discharge.

Projecting these results into multicell operatiom, it would be
possible to fabricate a 24-volt system using the present hardware dimen~
sions, With only slight changes in cell block and case, it would be
possible to produce a 28-volt unit with energy output in the order of
7 to 8 watt-hours per pound.




—

AAONV qAILVONII0D

OV gvxdA TTIVAS HIim 1140 LSEL

e
1 "ON F¥adTd




Pigure No, 20 shows the 28-volt, l4~cell unit fabricated as a
result of single cell tests. This unit (No. 121) proved sub-sgtandard in
regard to efficiency. Data recorded during discharge included pressure
and A.C. impedance which indicated the premature voltage drop was due to
boiling of the electrolyte from the cells, Open circuit readings re-
mained normal for the l4-cell unit which further indicates electrolyte
limitation,

It is theorized that excessive heat was generated by the addi-
tional cells (increased cathode active material), and that the reduced
cell volumes contribute to faster boiling., To establich the validity
of this theory, Battery No, 122 was fabricated using the 0.250 inch cell
design with only six cells in the l4-cell case. Each cell was separated
by one cell width, thus limiting excess heat build-up in any one cell,
Although it may be possible to obtain good operation from the l4-cell
unit by pre-ammoniation, it was deemed necessary to first establish that
the 0,250 cell design would function satisfactorily in multicell operation.
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B. Hardware Corrosion Study

Storage of liquid NH3-KSCN for prolonged periods of time will
be important with regard to materials used for battery fabrication., Cure-
rent batteries are mild steel and stainless steel, depending on availabil-
ity of components, and is of little significance at this stage of develop-
ment,

Storage coils were fabricated, however, to study dependability
over extended time periods. These coils were mild steel and identical to
battery reservoirs in all respects. Storage coils at =65, +165 and +70° F
since September 7, 1962 remain satisfactory with no loss of electrolyte.
These coils are checked by weight periodically.

C.__Cold Activation Problem

Reviewing the problem variance in the activation time found on
batteries has led to one possible explanation., The pressure information
has been obtained from Battery No. 122 in comparison with parallel data
for the silver-zinc BA~472/U battery shown in Figure Nos. 21 and 22, re-
spectively. A new responsive transducer made these data possible, Assuming
slower activation batteries behaved similar to No. 121, then filling on
activation cannot be the cause. This has been verified by impedance meas-
urements made on Battery No, 104 reported in the First Quarterly Progress
Report of the current contract. Therefore, plate activation for D.C. pro-
duction is varying somewhat. Attempts will be made to isolate and confirm
this cause by cingle cell tests.

D. _Low Rate and Screening Tests

No effort has been possible during the current quarter on either
of these projects. Additional work is planned, however, for the next quar-
ter,
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E. AC Impedance Meagsurements Interpretation

It is deemed of sufficient i{nterest to detail current thinking
on the interpretation of AC impedance and its relation to the DC discharge.
It 1s hoped that the difficulty outlined herein will generate comments
that will lead to a more definitive method.

At one time, it was believed that AC impedance (using the reso-
nant frequency) could be used as the ohmic component for DC circuit. This
has been expressed by Drs. Ernest Yeager and John Yeager (Enlarged Abstracts,
Theoretical Division, Electrochemical Society, Indianapolis meeting, pp. 5-8,
April 30-May 3, 1961). In the present application to ammonia batteries, the
conclusion is now reached that this is not the case. At the moment of acti-.
vation (as well as during steady state discharge), two possible paths exist
for the passage of the 10,000 cps measuring current (across a single cell
0.5 ampere at 0.030 to 0,050 volt).

(1) An electronic conducting path at both electrodes that
may or may not be necessarily involved in DC producing mechanism;

(2) The surface area that is specifically involved in DC
producing mechanism.

It has been assumed that these two surfaces are equal and are
identically the same., If the theory of solution mechanism of the non-elec-
tronic conducting cathode material (AgCl and HgSO,) is correct, it is obvi-
ous that the conducting ammonia electrolyte being introduced into the cell
will result in low conductivities utilizing the electronic conducting sur-
faces only., If the solution-ion formation step is rate controlling and is
appreciably slow, the DC voltage rise under load may be also much slower
than the AC impedance change to a steady state value. If the ultimate DC
discharging surface is substantially equal to the initial electronic con-
ducting surface, the impedance will remain equal after the DC mechanism
has become operative. It is believed safe to predict that the surface in~
volved for the AC impedance will remain equal after the DC mechanism has
become operative. It is believed safe to predict that the surface involved
for the AC impedance include all the DC surface being utilized, but the
converse is not necessarily true. This has actually been observed in bat-
teries where both have been measured simultaneous. The AC impedance has
been normal and equal to the steady state value, while the DC voltage (under
load) has only reached a small fraction of its normel and steady state value,
By the same reasoning, it is concluded that the AC surface, or path, does
not necessarily equal the "DC path" and surface during discharge., That is,
the cathode electrode may be depleted in active material and the ''DC path’
may be shrinking in area which obviously should change the DC ohmic resis-
tance, while the AC path would be substantially unchanged, as would also
be the resonant impedance. This, of course, leads immediately into concen-
tration and diffusion polarization considerations which involve separate
and additional treatment beyond the simpler ohmic resistance and ohmic
polarization,
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From this reasoning, it is concluded that AC resonant impedance
measurement cannot be safely used to monitor the DC ohmic resistance of
cells, It is probably a low value as compared to the true ohmic resistance
for the actual DC path,
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II, CONCLUSIO!

(1) 1Initial trials with a '"curved" gas generator for this bat-
tery indicate a slower ignition and propelling action,

(2) Mechanism of cathode discharge has been theorized as being
an initial solution followed by an ion-electron interchange at the elec~
tronic surface. The solution ion stage is subject to simultaneous diffu-
sion loss of cathode ions by migration from the electronic conductor sur~
face and ultimate precipitation on the anode,

(3) Based on the processes outlined in (2) above, controlled de-
creasing pcrosity in the separator has resulted in approximately doubling
the capacity of batteries.

(4) PFollowing this line of reasoning further, the cell geometry
has been modified to permit thinner cells without serious loss of capacity.
This results in the possibility of doubling the number of cells per unit,

(5) Explanation is presented to explain why single cells dis-
charge longer without shorting than battery operation. That is, the single
cell bridging of the silver galvanically precipitated is readily broken,
while in the battery, this is not the case.

(6) Based on a series of observations relative to the filling
and activation of the =50° C battery, the conclusion i1s reached that plate
fabrication and processing create the observed differences in activation
times,
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PROGRAM FOR NEXT !/
A, High Rate Application

1. 1In the battery development, stress should be placed on con-
sistent activation and capacity, regardless of voltage (cells) of the bat-

tery.

2. Perform single cell tests as required in problem=solving
for the units under (1).

3. Continue effort toward concentrating the cell structure.

4. Investigate gas generator design and holders for economical
space accomodation in the battery.

5. Investigate in more detail single cell activation as a func-
tion of fabrication and processing variables.

B, _Low Rate Application
1, Investigate S, M-DNB and Pboz.

2. Investigate possible procedures for drying electrolyte,
Pb-Na, NaN'Hz, MgSCN, MgCl0,, and molecular sieve.

3. Continue investigation of gassing from magnesium to find a
system (electrolyte and type magnesium, etc.) that will gas a minimum,

4, Proceed with fabrication of complete cells and multicell
units as the research and development indicates.
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V, IDENTIFICATION OF ONNEL

Following is a list of key personnel who woried on this project
during the second quarter, their job titles, and the number of hours con-
tributed:

NAME TITLE MAN-HOURS
Doan, D. J. Project Supervisor 321
Wood, L. R. Project Engineer 504
Dittmann, J, F. Engineering Supervisor 34
Witherspoon, S. Senior Engineer 249
Sieglinger, G. F. Senior Engineer 52
Morse, E., M, Engineering Manager 29
Hodges, K. Technician 126

TOTAL ...., 1,315
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