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I, PURPOSE

The immediate objective during this extended contract period shall be
the design of a zinc-silver oxide cell capable of activated stand periods and re-
charge abilities as follows:

A. Stand period (or useful life) ~- thirty days

B. Stand temperature - 90° F

C. Cycle capability - six cycles in thirty days
1. Five cycles removing 257% depth
2. A final discharge of 1007 capacity

D. Battery voltage during discharge - 28 + 2.0 volts
(1.40 + 0.10 volts per cell)

Related studies will be carried out as required to achieve this goal.
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II. ABSTRACT \9. 4@ q

Effort is being wade to develop a cell design capable of limited cycle
life while retaining the high rate and high density characteristics of the pri-
mary zinc-silver oxide system.

A literature search has been carried out with emphasis on references
pertinent to improved separator systems.

A preliminary design study has been begun to determine more specific-
ally the areas subject to design modification.

Studies relative to optimization of the zinc plate densities over the
useful range of discharge current densities have also been begun.
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III, FACTUAL DATA AND DISCUSSION
A. General

The zinc-silver oxide system has been investigated extensively as indi-
cated by the references included in the appendix. Specific studies have included
individual investigations of both electrodes, as well as separator materials.
Segments of other studies have dealt with electrolyte concentration and additives.

It is indicated that it is possible to construct highly reliable, high
energy density, primary zinc-silver oxide batteries, while reliability of the
secondary battery comes at the expense of either battery energy density or high
rate capabilities., Yet it is possible to construct zinc-silver oxide(qgtssries,
either vented or sealed, capable of a considerable number of cycles. ’ The
goal of this program shall be the design of a cell capable of limited cycle life
while retaining the high energy density and close voltage regulation features
characteristic of the primary system.

It appears that utilization of the cathode and anode active materials
has essentially reached a plateau, although references occasionally mention the
application of chemical additives or other innovations. For instance, Dirkse (2)
has discussed the addition of palladium to the positive electrode, as have Landers
and Keralla. It is anticipated, therefore, that the most advantageous ap=-
proach will involve the assimilation and application of technique and knowledge
revealed in the pertinent references. This is perhaps most true of evaluation
of separators and methods of their improvement, because of programs which have
dealt largely or entirely with separator studies.

B. Separator Materials
1. Design Factors

As silver mwigration, dendritic zinc growths, dissolution of zinc, and
separator degradation remain limiting factors in the operation of secondary zinc-
silver oxide cells, a great amount of study has been accomplished in recent years
relative to separators. Almost all silver zinc development programs have in-
cluded phases of study devoted either to screening or special treatment of separa-
tor materials and the selection of the optimum combination thereof. To under-
stand the importance of selecting the optiwum separator combination, it is only
necessary to examine the function of this material and the effect of multiple
layers upon cell energy density and voltage regulation characteristics.

As indicated by Figure No. 1, equilibrium cell voltage during discharge
can be represented by an essentially linear function of current density based
upon the total superficial area of the positive group (if all other design fac-
tors are held constant)., Figure No. 2 indicates possible effects of quantity
of separator material in a cell upon discharge voltage at constant current den-
sity. Figure No. 3 relates the effects of varying the number of plates and
quantity of separation in a cell upon the possible capacity in the cell. These
three figures indicate the problems of design involved in optimizing the design
of a cell for a specific application.
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Very frequently, a battery application demands an average cell voltage
within definite limits, such as 1.40 * 0.10 volts. If longer activated life is
required, a common method of achieving this aim is the use of a more membranous
separator. The greater thickness of separator may be sufficient to demand an in-
crease in number of plates to offset the adverse effect of increased separation
upon cell voltage and voltage regulation. As indicated by Figure No. 3, this in
turn decreases the possible cell capacity and energy density.

These practical design criteria reveal the importance of selecting the
optimum separator system and the use of this system such that limited cycle life
may be obtained without making the sacrifices outlined above.

2, Discussion of Separator Treatments

Many studies have included screening tests which reflect the relative
abilities of prospective separator materials to meet one or more of the require-
ments of an acceptable product. The criteria used commonly considered in evalu-
ating separators include the following:

A. Dimensional changes upon wetting

B. Electrolyte retention or absorptivity

C. Degradation of the material in caustic solution
D. Ability to retard silver transport

E. Resistance to oxidation

F. Electrical resistance

G. Physical strength

Some of these properties have been evaluated and reported for most of
the commonly available commercial products.

The use of glycerine-free cellulosic membranes has been widely followed
by makers of secondary alkaline cells because of the ability to retard silver
transport and their relatively low electrical resistance, as well as their low
cost and ready availability. However, because of the degradation of these materi-
als in caustic and oxidizing environments, many attempts to find substitutes or
to improve the properties of cellulosics have been made.

One treatment of cellulosic materials which has been widely reported is
the deposition of silver within the material by use of formaldehyde or other re-
ducing agent. (4) It has been reported that such treatment may reduce swelling
but has little or no effect upon oxidation resistance as determined by attack of
alkaline permanganate solution.

Studies have resulted in data relating the progressive deterioration
of cellophane in KOH/Zn0 systems under oxygen, including the depolymerization of
the material as a function of time and temperature. It was found that the maxi-
mum degree of swelling of cellophane and, hence, the greatest degree of attack
upon cellophane, occurs in KOH concentrations ranging from 26-33 percent by
weight. (5) Another manufacturer has reported data describing the loss of
strength of cellophane in caustic solutions at temperatures down to -35° C. (6)
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Among the treatments of cellophane have been addition of grafts of
styrene and isopropylacrylamide monomers as well as methacrylic acid. G, n
Indications are that these treatments may not greatly increase the resistance
to KOH attack without undue increase in the electrical resistance of the mem-
brane. One of the more recent treatments has been that of cellophane by anti-
oxidants such as m- and p-phenylenediamine. It has been indicated that such
treatments may result in remarkably improved oxidation resistance while elec-
trical resistance remains essentially unchanged (about 0.010 ohm-inch® for the
membrane tested). However, this decreased reactivity of the membrane caused
inability to retard silver tramsport. It is now concluded that a separator
should be able to react with dissolved and colloidal silver in order to pre-
vent its migration. (2, 5, 6) rpater reports from Electric Storage Battery
Company indicate that an isocyanate treatment of cellulosics may hold some
promise. Preliminary indications were that results might include improved
strength retention and greater oxidation resistance at the expense of slightly
increased electrical resistance.

Recently, attempts have been made to evaluate or study separator sys-
temg by means of radioactive tracer techniques. (2) This involves measuring
the rate of transport of an isotepe of silver through the system under study.
However, Dirkse verified that this means of evaluation is confused by the fact
that cellulosic materials effectively remove dissolved and colloidal silver
from the electrolyte. Therefore, very little silver passes through a ''fresh"
cellulosic membrane (assuming no grafting or special treatment of the membrane).
Again, it is implied that only reactive membranes are capable of preventing sil-
ver transport.

3. Conclusions

In view of the difficulty observed in obtaining reproducible results
relative to silver loading of membranes and transport through membranes, it is
doubtful that any mathematical description or prediction can be formulated to
estimate accurately the processes which occur in a cell. This is true for
several reasons:

1. Only under the most exacting conditions can compression of
expanding or '"swelling' materials be held at a constant level. This
implies variation in the mean pore size, microscopic surface area,
and rate of chemical attack, as well as electrical resistance.

2. Silver transport undoubtedly varies with the "age' of a reac-
tive membrane. This age would be reflected by the state of degrada-
tion and quantity of silver already held by the membrane.

3. Zincate concentration in the electrolyte probably also affects
silver transport.

4., Certain membranes, notably irradiated inerts, appear susceptible
to wrinkling, or local overlap.

5. 1If considerable quantities of '"open' separators are employed
in a cell, bulk movement of the electrolyte, as well as ionic transport,
may be a considerable factor in the movement of silver and zinc through-
out the cell.
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The apparent conclusion is that at the present state-of-the-art,
screening tests only allow the rejection of poor materials on the basis of com-
parison to acceptable products. For example, it may be decided that a product
having an electrical resistance three times that of cellophane does not justify
further evaluation. However, it may not be possible to assert that a material
which passes a single screening test will per form desirably in a cell. It is
likely that factors such as pore size and distribution or other characteristics
not easily measured are important. Until testing procedures are further re-
fined, the final step in testing a separator system will involve employing it
in a cell.

C. Utilization of the Zinc Plate

Studies reported earlier indicated the beneficial effect of lower
apparent densities upon discharge efficiencies of the zinc plate. Since a
density of 40 grams per cubic inch, the lowest investigated, proved to give
the greatest efficiency, data have been extended over a range of 36-58 grams
per cubic inch. As the less dense material requires greater volume, it is
apparent that for optimization it is also necessary to examine the voluwe fac-
tor. Table No. I contains data relevant to this study.

TABLE NO. I

PLATE APPARENT PERCENT AMPERE ~-HOURS
THICKNESS DENSITY EFFICIENCY PER MILLI-INCH

(inches) (gm/in®)

0.030 36 52.1 0.00796

0.028 40 48.4 0.0079

0.024 46 42.4 0.007¢96

0.022 51 33.9 0.0069

0.020 58 28.8 0.0065

These data were obtained specifically for a zinc plate weight of 1.0l grams per
square inch, and for a current density of 0.27 ampere per square inch of surface
area. Plates were discharged against a considerable excess of positive material
and these data represent the average of five '"rums'". It is apparent that at

the lower densities, the increase in plate efficiency is offset by the plate
thickness, so that no advantage is gained on a volume basis. As such data are
dependent upon current densities, it is planned to attain sufficient data to
allow optimization over the practical range of discharge rates.

D. Failure Modes of the Zinc-Silver Oxide System

There are several modes of failure or loss of capacity associated with
the zinc-silver oxide system. These include the following:
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1. Loss of oxygen from the positive plate: Divalent silver oxide is
thermodyrzwically unstable in caustic solutions. Aside from other reactions

the eventual decomposition of the higher oxide of silver will cause consid-
erable loss of capacity from a positive plate which contains little or no
metallic silver.

2. Loss of silver to the electrolyte and separator material: Cellu-
losic membranes effectively remove ionic and colloidal silver from the elec~-
trolyte. Less reactive materials also impede the transport of silver to
some extent and accumulate silver in the process. A small amount of silver
also remains in solution as governed by the solubility product of the species.
Silver may be removed from the solution by the separator or zinc plate de-
pending upon the efficiency of the separator system in use. As the silver
content of the electrolyte tends to be renewed so long as the oxidized form
lasts, it is obvious that a separator system must represent optimum condi-
tions of electrical and physical performance.

3. Contamination of the electrolyte by zincate and carbonate: The

effects of such contaminations apparently have not been fully evaluated.
It would seem, however, that such additions would affect the impedance of
the cell, resulting in the reduced availability of electrochemical energy
at the higher voltage levels. This would cause imparied voltage control
and reduced acceptable capacity. Figure No. 4 indicates the effect of
stand upon voltage control and capacity. While the capacity for the sub-
ject cell to an end voltage of 1.30 volts decreased by nearly 20%, the
capacity to a 1.10 volt cutoff decreased by less than 13%. One phase of
study will involve the determination of cell impedance as a function of
activated life, as well as the resistance of separator materials having
undergone silver accumulation and physical degradation.

4., Internal shorting: Penetration of the separator system by either
metallic silver or dendritic growths may provide conductive paths and there-
fore, self-discharge of the cell.

E. Preliminary Design Study

A set of cells has been constructed for the purpose of estimating the
capabilities of a design similar to the prototype cell design presented at the
conclusion of the original contract period. The only wajor change was the use of
silver grid in both the positive and negative plates.

Data are not yet sufficiently complete to compare to the design objec-
tive as stated. Cells have been discharged to 1.30 voits to determine average
cell capacity, followed by discharges of 25% of this capacity after intervals of
one and six days. Stand temperature is 90° F. The remaining discharges will be
conducted and the data presented in the next progress report.

- 76 =



i

a) T T T Y » = Y s
LI i :xyw 1 ¥ 8 i | 13
T t + . t T t T 1
RS gUSEY an ; t I T T i1
i
"B : : t
T Y
. anxd pu B SEDI T
% Su i 1 1 L : :
- } _
~ au ERAy T
G :
N 58 B o | i T 3 . ol
, : T 1
r 1
o 1 1 H 1}
| y etk md : + 1 +44-- -
r ;
: F H 1= T
i f p o T 1 [
4 11 T 4« ; Fung T H-4 = b i
1 - 4 PURSE DS Sy :h !
ths H
L. 4 - i 1 T
7
H 4
T s RER: i
Bu RN [ B T ;
frf! s ]
+ SRl g™ W 1 IR =
Iy 4 ; T T T
+ -1 n _M 1 0 ) ) I
It 1 bl b . "
? : 1 NN FABaE BEREN T =
e I 1 L It I H f !
T i H Y RS I N it }
T
i+
1 1
BN X
REE X
-
: 1
1 2
+ :
|
1 T
i
! +
ot
] - IDERS paN
. 41
r ) S '
i ;s
H HA
T ™~
. ~
+
! an g Fuwns ]
DA S jod ! 1 »A
-+ + Teee -+
= M §oini T Mllﬁ
4 BN :
H t + I
: - 2Ly ARER!
i e + N {
R T {1 | A
. t +rt 1, ungl
-+ {11 i
" n o T I .
- - ] aay H uE b BEEE SN,
= * , sl H_ o ! L :
' Tt
H R i : !
u 1 1
1
[
® RuR
v -
ot
H o)
na I
+ T n
13T S !
PR 1 .
[ ) 4 1 i i
- ; Bt t i
4 * ; - :
- g - e ;
[ P A‘w.ﬁ i (151 :
- LT TIIT sasgl i
Ly ] =1 |-
1 : i s
M M‘r‘  ; -
-] Suuy EERan =
u) pu . B S A "
" . L >
S i
i
1
T
i

‘0D MISSI W JAJInaAN
. * "¥SR NI 2GYW SIHONI 01 X 42

_ € r i Oht—

B Eh. SR




.
.

IV. SUMMARY AND CONCLUSIONS

A number of references have been compiled and most examined for rele-
vance to this contract. It is apparent that appropriate cell designs are capable
of numerous cycles, at the expense of the high energy density characteristics
of the primary zinc-silver oxide system. It is hoped to arrive at a design which
will allow limited cycle life at +90° F without compromising the high rate capa-
bilities and energy density of the primary system.

Tests have been begun to estimate the cycle ability of cells similar
in design to those constructed at the end of the original contract period. At
this time three cycles have been conducted over a period of twelve days.

Utilization of the active materials is not currently being improved
appreciably. It is indicated, however, that zinc material density may be regu-
lated to allow the determination of the optimum quantity of zinc for a specific
condition of service. As confirmed earlier (see Final Report, this contract),
density of the negative material is a significant design factor with respect to
charge retention on activated stand. Data presented in this report reveal that
on initial discharges, at least, the benefits of zinc densities lower than 45
grams/inch® may be offset by the greater volume required by the anode active
materials. These data were obtained at a specific current density and tests
are being initiated to extend these data to cover the range of useful current
densities.

The selection of the optimum combination of separator materials for a
specific application is important in view of the effects of multiple layers upon
voltage magnitude and regulation as well as cell capacity. Several researchers
have concluded that a reactive membrane, such as cellophane, is necessary to pre-
vent silver tramsport. The literature includes preparation of membranes and
treatments of membranes tco numerous to itemize.

Certain treatments which are indicated to be beneficial, such as the
isocyanate treatment of cellophane, will be evaluated with respect to attaining
the design goal.

V. PROGRAM FOR THZ NEXT INTERVAL

Effort will be made to regain some of the slippage indicated in the
Master Schedule included in the Appendix. This will include effort in the fol-
lowing specific areas:

1. Survey of the current literature will be continued.

2. Attempts will be made to locate thinner suitable separator materi-
als, both membranous and "open" types.

3. Optimization studies relating to zinc efficiency as affected by
apparent density of the material and discharge current density will continue.
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4. A program will be outlined which will allow estimation of the oper-
ting and reliability characteristics of the final cell design.

S. Studies relating to the effects of various electrolyte additives
will be ipitiated.

6. The preliminary design study will be completed.

VI, PERSONNEL

The following totals of man-hours have been expended during the contract

period:
Engineering =---=--=-=~ 2381 hours
Technical --<=-=-voc--- - 2894 hours

TOTAL 5275 hours
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