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OBJECT
Tbobjecteftm.sm&ctvutbdenhpmntdaumpro—hm high
rate, ssaled milver-sinc cell for satellite applications, capable of meeting
%fm&mmcm&b.m&ﬁﬂ. lﬁr«miramm
as follows:

l, The cell shall be hermetically sealed in a plastic case,

2. It shall have at least a 3 year activated shelf 1ife,

3. It shall be capable of a minimum of 500 shallow cycles of up to SO% of
the nominal capacity taken out on each cycle, for 30 minutes and re-
charged in 150 minutes,

Lhe It shall be capable of charge at constant current or modified constant
potential,

S. It shall be operational within the temperature range of 14°F to 120°F at
a ressure of 10~7 m of msrewry.

6. It shall be capable of meeting enviromental requirements as outlined in
MIL-E~5272C(ASG) .
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;/,chu-al cell typss, incerporating the latest parameters of sealed silver-xine
"~ system, were designed to mset the NASA requirements, All the cells were tested
;xsaotz 3 hm)zr cycling perioed (30 minutes discharge, followed by recharge in

Early designs performed poorly, falling afber about 50 cycles, The reason for
f2ilure was found to be poar charge acceptance of the cells, at high cwrent
density dve to electrolyte starvation in the positive compartment.

Two approaches were tried to facilite the electrolyte diffusion to the positive
plates. One of them was the use of low concentratioen KOH, It proved to be
notably successful in extending the cyeling life of the cells , Since its low
viscosity allows an easy diffusion. | Cells tested with 31% KOH ran about 160
cycles before failure, The low concentration KOH has, however, a serious draw
backy it accelerates the attack on the separators, cutting down the wet life
of the cells. For this reason, its use was abandoned,

\

Apother approach, was the use of a positive interseparator capable of retain-
ing large amounts of elsctrolyte.’ Although several materials with a good electro-
lyte retention were available, they all had a common drawback, Thair excessive
thickness precluded their use, except at the cost of a drastic reduction in the
amount of active materials, new eaparater material, developed by the Pellen
Corporation, consisting of highly cilsndered, non woven polymmide fibers, which
combines a ge electrolyte retention with a reasonsble thickness, was eothd.
Cells built with this interseparator showed a high efficiency at the 3 howr
cycling regime, A battery tested with these cells failed after 180 cyeles, be-
cause of shape change of the negative electrodes, which is the main 1imdting
factor for the life of silverwzinc cells,

The final design (called HR12(S)<l, based on the afarementioned battery, with
miner modifications, is not expscted to fulfill 211 the requirements of the
NASA specification, It will, however,6 come as close as possible to it, within
the present state of the art for high rate silver-zinc cells,

Specific items where the cell will probably be below requirements mxe:

a) Shelf life: the ssparater system used in the HR-12(S)~l may net rrovide s
3 yoar activated shelf life if the cell is stored at reom temperatwre or
higher, The use of heavier separators would not allow the cell to be re-~
charged in 150 minutes (and would dscrease the amownt of active materials
within the same envelope),

b) The number of shallow cycles depsnds on the depth of discharge (
of nominal capacity taken out on each cycle), If the maximum of 50% is
used, the cell will probably not be able to run 500 cycles, but at 25% it
should exceed that mumber.

c¢) The test temperature has also an important effect on the cyecling life of
the cell, The best performance is expected &t temperatures clese to the
’ upper limit (120°F), while low temperatures have a definitely harmful
;’ affect,
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A.

CEIL DESIGN
AND EXPERIMENTAL RESULTS

First series of designs

The first designs T%vﬁaued the general cutlines of the 25 ampere-hour
cell (HR25(S)) which was the first cormercial sealed silver-zinc cell
developed by Yardney. The separator system was heavy, attempting to
meet the 3 years wet life requirement,

Design No. 1 (cells 1 to 3)
a) Positive electrodes
Description: Porous plate prepared from finely divided silver and
an expaned silver grid ("EXMET") by rolling and sin-
tering method,
Number per cell: 6
Plate size: 1-29/32"W x 3-1/8"H x ,002"Th.
Weight of active material per plate: 10,15 grams

b) Negative electrodes

Degeription: lHorous plate consisting of two half-thickness plates
and a current collecting silver wire loop, mressed
together, Each half-thickness plate is prepared by
extrusion method from zinc oxide poswxder containing
2% of mercuric oxide and a =small proportion of rayon
fibers and an organic binder (CMC

Number per cell: 7

Plate sise: 1-29/3" x 3-1/8"H x .0L2"Th,

Weight of zine oxide per plate: 11,2 grams

¢) Separator system
Positive plates are wrapped in the separator material in pairs to
form U~shaped two-plate units,

The wrap congists of (starting from the positive plate):

One layer of VN2.5 (nylom fabric, treated by Yardney "Vitanyze"
process)

One layer of PVA (polyvinyl alcochol membrane)

Three layers of C-19 (cellophane membrane, treated by Yardney
C~l9 process)

Each negative plate is contaired in an individual PVA bag.

The negative plates are disposed between the arms of the U shaped
positive units, between the units and outside the end units, to
mrovide an alternate plate assembly having negative plates at both
erds,
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d) Electro
solution of potassium hydroxide, substantially saturated with
zinc oxids,

Design No. 2 (cells L to 6)
Smss; as design Fo. 1, except that the content of mercwric oxide was

Test

s were given three formation cycles, according to the following regime:
charge: 1,0 amp to 2,05 Volts.
discharge: 10 amp to 1,10 Volts,

After formation, cells were sealed and given 9 mamual cycles at the same
medes as speciﬁ’.ed above, The results are summarized in table I,

It may be seen from table I that the ocutputs varied widely from cell to
cell and from cyele to cycle, in spite of the low rates of charge and dis-
charge used, This variable (and moetly below normal) performance is
characteristic of cells with irrigation problems (low rate of diffusion of
electron carrying ions through the highly resistant separators),

This observation on the preliminary cycling results was confirmed during

the high rate tests., The cells were scheduled to be placed on an automatic
cycler, in a 100 minute cycling period consisting of a 65 minute charge and

a 35 rdmate discharge, with 8 ampere-hours output on each discharge (as
required in the original NASA specification, which was later modified). A
few mamual cycles, run at the charge and discharge rates corresponding to

the 100 rminute, 50% depth cf discharge cycling regime revealed the inability
of the cell to perfom rroperly at that regime (fully discharged cell accepted
only 5 to 7 ampere-hours of charge). Therefore the plans to place the cells
on automatic cycler were dropped.

No significant difference wes observed in the performance of cell using 2%
or 2.5% mercuric oxide,

B. Second series of desl
variations on separator system were tried, Besides, in some
designs the amount of active materials was decreased far a 1ooser cell
pack (t{ght cell packs are often subject to irrigation problems),

Des No. 3 (cells 7 and 8)
a) gitive plates
Bame as for design No. 1.

b) Negative tes
Same as Ior design No, 1.
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¢) Separator m
Wrapping method as for design No, 1. Separators:
l. One turn of VNZQS
2, Five turns of C-19
Negative electrodes not uramd

d) Electr
as for design No. 1.

De No. ki (cells 9 and 10)

a) sitive tes
oams as for desing No. 1, except:
Aeight of active ailvex" 9.2 grams per plate
Thickness: ,020"

b) Negative s
ame as for design No, 1, except:
Weight of xinc oxide: 9.7 grams per plate
Thickness: ,039"

¢) Separator mystem and electrolyte:
oame as T&' &Sing No. 1.

Des No. 5 (cells 11 and 12)
a) Emm s, negative plates and electrolyte:
Same as fTor gaﬁ EB

o bt

b} Separator system
Same as for design No, 1, except that the twrn of VN 2.5 was replaced
with 1 tuwrn of P=5 (non woven polyamide fiber sheet)

De No, 6 (cells 13 and 1L)
a) gitive tes, ative plates and electrolyte:
Dame as design %

b) Separator system:
;s as i1or g1g0 Noe 3.

Testing
s were given 2 formation cycles and 10 manual cycles at various rates of
charge. Results are summarized in table 2.

It may be seen from these results that the cells with PVA separator perform
poorly, compared with those using C-19 only. On the basis of this conclusiom.
and maults on other silver-zinc cells revealing that the PVA is very strongly
attacked by the electrolyte at high temperatures and its electrolytical re-
sistance at low temperature is very high, thds material was abandoned, This
was done reluctantly, since the PVA is an excellent silver stopper, thus con-
siderably prolenging the shelf 14fe of the cells,
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The preliminary tests on cell 9 to 12 (with PVA) did not justify any attempt
to put them on automatic cycling, ever though the cycling period had been
changed fronm 100 minutes to 3 hours, The performance of these cells at ths
2.hi and 3,0 amp charging rates was clsarly below requirements.

Cells 7, 8, 13 and 1 (with C-19 only as main separator) although seriously
affected by the high charge rates (looxing up to one third of their normal
capacity) stdll 1ded outputs close to the nominal capacity of the csll
(12 ampere-hours).

Practically no difference was found between cells with different cell pack
tightness, therefeore it was concluded that the reason of poor performance of
cells 1 to 6 (designs 1 and 2) was not caused by a tight cell pack,

Cells 7 and 8 were put on automatic cycler, on a 3 howr eycling period. How-
ever, the charge time was 120 minutes (m:;éead of 150) and the discharge was
run at 6 amp for €0 minutes, (instead of 12 amp for 30 minutes) since at the
time the final NASA specificatiorswere not yet received, The two cell battery
ran 55 cycles, over a period of 7 days, after which the end of discharge volt-
age fell below 2,50 volts (1.25 V per cell), This was consgidered as a criter-
imm of failure and the test was stopped,

Cells 13 and 1, put on automatic cycling at the same regime failed for the
same reason af{er 52 cycles,

After fallure, cells were given two low rate cycles(charge at 1.0 amp). Thedr
capacity on the gecond cycle was as follows:

Cell No: 7 8 13 1
Ampere-hours output: 11,5 12,9 12.0 11,7

Cells were dissected and found to be in good condition, The shape clhmmge:aY
the negative electrodes was very limited,

In the light of these result it was concluded that the main reason for the
early failure of cells 7, 8, 13 and 1l was still poor irrigation, Therefore,
the next designs were concelved with the purpose of eliminating or minisdsing
that problem,

Ce Third series of designs
{1though 1t was known beforehand that low concentration KOH solutions
attack strongly the separators amd accelerate the rate the penetration
of silver through the separatars, thus shortening the wet life of the
cells, it was decided to try them, since their low viscosity allows
an easy circulation of electrolyte through the separator system improving
the charge acceptance of the cells, '

This approach preved suceessful, as will be shown by the test results,
and the possibility of using it for the final design of the HR-21(S) cell
was seriously considered, Fortunately an alternate method of improving
the positive electrode irrigation, without the drawbacks of the low con-
centration KOH, was found later,
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Design No., 7 (cells 15 and 16)

Same as design Yo. 3 (cells 7 and 8), except that:

a) %17 width of positive and negative electrodes was increased to 1-
31/32v, ‘

b) Accardingly, the amount of active materials was increased by approxi-
mately 3%,

¢) The electrolyte was 25% KOH, saturated with Zn0,

Design No, 8 (cells 17 amd 18)
Same as design No. 7, except that 31%KO0H was used in lieu of 25%

Des Yo, 9 {cells 15 and 20)

Same as design Yo, L, (cells 9 and 10) except that 25% KOH, saturated with
2n0 was used in ldeu of the LOZ sclution and the plate widfh was increased
to 1-31/32, with a corresponding increase in the amownt of active material.

Testin
8ells were given two formation cycles followed by six mamual cycles for a pre-
liminary evaluation. Results are sumarised in table 3,

The performance of all the cells was, in general, satisfactory, and it was
decided to put cells 17 and 18 in automatic cycler, as a two cell battery. The
cyeling regime was in agreement with the latest NA§A specification.

The cells ran 15F cycles before fallure, due to low end-of-discharge voltage.
The pressure of the cells was constantly checked (the cells were adapted with
pressure gauges) and it never exceeded 35 psig,

Figures 1 t0 9 show the discharge-ehargs voltage characteristics of the battery
after 20, Lo, 60, 80, 100, 120, 140, 150 and 155 cycles. The curves were ob-
tained w]'.th an Estoriine - Angus vo{tage recordsr which permanently monitored
the battery voltage.. As may be seen by the discharge curves in successive
cycles, the failure was gradual, The discharge voltage was practically can-
stant Por the first 100 cycles; the first signal of impending failure can bs
geen by cycle 120, when a very slight dip appeared just at the end of dis-
charge. The dip was somewhat more pronownced by cycle 140 (about 2,77 volts),
it reached 2,7 Volts by cycle 150 and slightly over 2.0 volts on cycle 155,

P

It should be noted that an incorrect adjusttent of the charge resistance re-
sulted in & higher charging rate than the specified 2,4 amps. For that reason
the durationm of the charpes was less than 150 minutes (of figs, 1 to 9), This
may have had the effect of cutting somewhat short the cycling life of the
battery.

After failure, both cells were given two manual cycles at low rate. On the
second discharge cell No, 17 yielded 7.0 ampere-hours and cell No, 18, 7.9
ampere-hours. These outputs pass the cycling requirement (6.,0Ah) by enly

a narrow margin and did not justify further testing. :
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The cells were dissected and the following was founds

2) The amount of silver in the separator, although not very high (about 10£
of the original active silver in the cell), is substantial considering
the very short wet life of the cells,

b) The separators were mechanically weak (although far from the breakdown
«~:podnt) when compared to separators from cells with similar history, filled
with 140 or Lik¥ KOH,

¢) The shape change of the negative electrodes was con#iderable: about 508
of the area of the plates was washed out, The failure of the cells was
probably due to this reason,

d) The pozitive plates had large dark areas (silver oxides) at the top and
at the sides, corresponding to the areas of the negatives where the active
material was thin or missing altogether,

D, PFourth series of des
Besldes the Tow concentration K(H, another way to improve the irrigation
of the cell pack, is the use of very absorbent materials around the cell
electrodes, especially the positive electrode. Several of these materials
were available long before the beginning of this contract but all of them
were too thick to be taken in consideration, since the use of any of them
would seriously reduce the amount of active materials, and therefore, the
initial capacity of the cells, However, by the end of 1963 a new material
(or rather an improvement of an old one’ developed by the Pellon Corp.,
consisting of highly calendered, non woven polyamide fibers, was being
tested in same of owr cells. This material, called P-5, combines an ex-
cellent electrolyte absorbtion with a relat{vely low thickness, Besides
it is very remistant to the attack of the KCH and the silver.

It wvas thought convenient to try tihis material on the NASA cellsy and a
new series of designs were built and tested.

Des No. 10 (cells 21 to 23)
non mentioned design characteristics are identical to those of design

Fo. 1).
a) Positive tes
e of silver powder: 10,5 grams
Sige: 1-31/32" wide x 3-1/8" high x .022" thick

b) Negative tes
oxide mix per plate: 1l.,l1 grams
Sige: 1-31/3" wide x 3-1/8" high x .038 thick

c¢) Separator m
wn o P=b
2) Five turns of C=19
Negative plates not wrapped.
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Same as design No, 10, except:
a) Weight of silver powder per plate: 9.6 grams
b) Thickness of positive platess ,020¢
¢) Separator gystem
1) One twrn of P=5
2; Four twrns of C-19
3) Ons turn of P-5

Testi
I Cells were given two foarmation cycles and after sealing s 3 nanual cyeles,

From the results ocbtained in these preliminary tests (see table L) it may
be seen that the performance of the cells at the rates required for the 3
hour cycling period was quite satisfactory., On the basis of the above re-
sults all cells were placed on autematic cycling, divided in two batteries
of 3 oells each,
a) Cells 21, 22 and 23
This battery ran 100 cycles. Figures 10 to 1l illustratethe battery
voltage characteristics at different sgtages of its cycle-life, In
sddition, the individual cell pressures have been recorded, The maxi-
mm pressure reached by any cell was 30 peig.

The battery falled as in previous tests, because of low end of dis-
charge wvolteage. A alight dip at the end of discharge was already ob-
served by cycle 80, however, it only became significant after 110 cycles.

b) Cells 23, 2L and 25
The performance ol this battery, which ran 182 cycles is illustrated in
figues 15 to 2k, .

Since the design af this battery, with minor modifications, was used
far the 32 cells shipped NASA, we shall examine its performance in de-
tall, .

Table 4 shows the capacity of the cells in deep cycles, On cycles 1, 2
and 3, when the cycling rates were the same as used in the 3 hour cycling
period, the capacity ranged from 17.0 to 20,2 ampere~hours, a very good
output considering the high rate of charge and the amount of active mater-
ial in the cells.,

For a better interpretation of the voltage characteristics of the battery,

it should be noted that there was an intercell voltage drop of about .2V,
because the cells were cormected with wires instead of standard connectars,
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A close examinatiom of figures 15 to 2} points out the following:

a) The battery emd of discharge voltage decreased steadily after cycls
80 as showm in the following table;

Cyole o. End of Discharge Voltage
5 k.08
20 L.03
Lo .01
€ L.02
- 80 L.08
100 3.95
120 3.9
10 3.89
160 | 3.85
180 3.70
182 3.50

b) The shape of the discharge curves indicates that on cycls 5, abeut
75% of the discharge took place at the silver peroxide platean, Al-
though this proportion decreased slowly with cycling, even on cycle
180 it was at least 4O%, The high proportion of the discharge at
the peroxide plateau means that the silver electrodes were moperly
charged throughout the whole test, and therefore, the battery fail-
ure was not caused by insufficient eharge acceptance by the positive
electrodes,

i

¢) Further study of the discharge curves leads to the discovery that
after the battery voltage drepped to the monoxide level it did nof
keep a steady plateau, but aloped down to the very end of discharge,
This slope was not very prenounced at the béginning of the cycling
but increased cycle by cycle, becoming very steep by cycle 180, Tl’n
abssnce of a steady monoxide plateau voltage in a cell (or battery)
is a sign of negative electrode failwre,

d) The pressure of the cells remained low throughout the whole testing
program, The maximm pressure recorded in any cell was 18 ps=ig,

Sheet 10 of 17




REPORT NO, L72-8;

HR12(S) CEILL FOR , ~ .
SATELLITE APPLICATIORS Fae
. *»if -
3 ”f:%f‘c ,
OCTOBER
er 194

After the battery failure, its cells were given two low rate cycles (charge at
1.0 Amp, discharge at 6,0 Amp), Their output on the seccord discharge wes as
follows:

Cell No: 2l 25 26

Ampere~hours outputs 7.2 6,7 7.5

The cells were dissected after the second discharge and imrediately it becams
obvious that the shape change of the negative electrodes was the cause of their
failure, Large areas at the top and at the sides of the negative electrodes
were either missing or very thin; the corresponding areas of the positive plates
were fully or partially charged, The positive plates were in good condition and
so was the separator system,

E. Final design
As mentioned earlier, the final design was almost entirely based on design
No. 11 (cells 2L to 26),

That decision was primarily based on the cycling life of the cells, the
longest that could be obtained compatible with a reasonable wet life and with
an adequate protection against early shorts,

a) Case, cover, hardware and potting
The case, cover, hardware and external dimensions of the cells were en- -
tirely identical to those of the 12 Ampere~hour sealed silcad cell previously
shipped to NASA (Y¥S12(S)-l), A control drawing (YEC dwg. 8760) for the cell
is attached to this report (figure 25),

b) Positive electrodes
1. Description: Porous plate prepared from finely divided silver powder
and an expanded silver grid ("EXMET™) by rolling and
sintering method, The silver powder is marufactwred
by Yardney Chemcal Carp., New York, N.Y. and the grid
is supplied by Exmet Corp., New York, N.Y.

2. Number per cell: 6

3. Size: 1-31/32'Wx3-1/8%Hx,020"Th,
L. Weight of active material per plate: 9.6 grams,

c¢) Negative electrodes
T, Es@@om Porous plate consisting of two half-thickness electrodes
and a cwrrent collecting silver wire loop, pressed toget-

her., Each half-thickness plate is prepared by extrusion
method from zinc oxide powder, containing 2¢ of mercuric
oxide and a small proportion of rgyon fibers and an organic
binder (CMC). Suppliers:

For zimc oxide: New Jersey Zinc Co., New York, New York
For mercuric oxide: J.T. Baker Co., New York, New York
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For CHC powder: Hercules Powder Co.,

New York, New York

For rayon fibers: Arerican Viscose Corp,,
Rew York, New York

2. RNaxber per cells 7

3, Sige: 1-31/32"W x 3-1/8"H x ,Oh2%Th,

he Weight of zinc oxide per plate: 9,7 grams.
d) Separator system and qup;dn%?thod

Pogitlve plates are wrapped the separator material in pairs, to
form U=shaped two-plate units.

The wrap consists of (starting from the positive plate):
One layer of P-5 (non-woven polyamide fiber sheet)

Four layers of C-19 (celophane membrane, treated by Yardney c-19)
process, )

One layer of P=5
Each negative plate is covered on both sides with a lgyer of Aldex paper.

The negative plates are dispossd between the arms of the U-shaped posi-
tive wnits, between the undts and outslde the end wmits, to provide
an alternate plate assembly, having negative plates at both ends.

e) Eectro
The eEcgolybe is a 40f solution of potassium hydroxide, substantially
saturated with zinc oxide,

f£) General cell characteristics
Yo Total weight of silver (including conductor and leads): 68,0 grams,

2, Total weight of active silver: 57,6 granms,

3. Total weight of zinc, present as zinc oxide: OSk.5 grams.
e Total weight of mercuric oxide: 1l.L grans.

5, Active ginc to active silver weight ratio: 0,945

6., Overall cell dimensions:(potted, including terminals): 5-5/8H x
2-9/16"W x 1-1/16"Th,

7. Overall cell volume: 15,35 cu. in,
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Cell congtruction, formation and pre-delivery tests

[2 cells, of the Hnat design, as described ebove, were manufactured

in one production lot in our New York plant, From this smount, 3

cells ware selected for shipment to MASA (divided in 2-10 cell batteries
plug 12 individual cells) and the other 10 were retained for further
testing in our laboratories, The cells were mumbered 2 through L2

and given 2 formation cycles, as follows:

3 Disc
Cycle 1 1.0 0 2,05V A .10 Eﬁ‘h%l:ig.lov

Cycle 2 1,2 Amp to 2,05V 10 Amp to 1,10V

Imediately thereafter the cells were temvorarily sealed by means of
a plastic disc cemented on the valve seat and given a third cycle, charging
at 2.} Amp t0 1,99V and discharging at 124imp to 1.30Volis.

Table 5 swmarized the results obtained on cycles 2 and'3, far each cell,
On the basis of the output obtained on cycle 3 (run at the same rates as
required for the NASA test program) the following cells were selected
for battery No. 1:

Nose. 3, 5, 7, 8, 16, 2L, 25, 27, 29 and 2.

As may be scen, the output of these cells ranged from 21,6 to 21,9 ampere=
hours, foeming a very well balanced battery. The cells were potted with-
oat further tests and after assembling them in a battery, were packed for
Shimtc )

At the same tdm , the following cells were selected for owr laboratory
tests, and therefore, eliminated from the NASA order:

Nes, 10, 12, 13, 18, 26, 28, 30, 31, L2 and L3,

Electrolyte lewel., All L2 cells of the final production lot, and also
all previcus test cells from designs 1 te 11, were filled with LO ccts
of electrolyte, This amount covers the cell pack to approximately the
top of the plates when the cells are fully charged, but it is much
lower (sometimes there is nc apparent level) in discharged cells. For
reasons that will be discussed lster, no elsctreolyte was removed from
any of the test cells. The same criéerima wag follgwed for the 10 cells
of battery No., 1, since KASA requested 10 cells with "maxivem slectrolyte®
(cf change order #3 to contract Fo, NAS 5=3351). In the same order, it
was requested that the balance of the cellgbe filled at "proper level
required for sealed cells",

After cycle No, 3, the seal of 22cells (balance of the order) was opsned
and after a full charge, the electrolyte level was adjusted to approximately
0% of the plate height, In order to get thds level, it was necessery

to remove an average of 3,8 cc's from each cell (maximm .7 cc's, minipmum
2.6 ce's)e After electrolyte removal, the cells were discharged, resesalsd
and given one additiondl cyels, identical to cycle 3. The outputs of all 22
cells are smmarized in table 6.
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Battery Fo. 2 was foarmed on the bagis of the above results. The
following cells were selected:

NO.. ]-5’ 17, 19, 23' 33, 35’ 36’ 39' ho am h]‘,
with output ranging from 20,4 to 21,8 ampere-hours,
The rest of the cells had an output ranges of 17.0 to 19.6 ampere-~hours.

The effect of the electrolyte removal on cell capacity will be dis-
cussed later,

After this additional cycle, the 22 cells were pstted, 10 of them (identi-
fied above) were assembled to form battery No, 2 and the other 12 were
packed individuslly, |

A1l 3 cells were dslivered to NASA in one singls shimment.,

G. Congtant potential c
As required in article of the NASA contract, cells were constant potend-
12l charged at 1,97V per cell, at i, 77 and 130°F, |

The cells were identical to Nos. 2l to 26 (design No. 11, which differs
from the final design only in minor details).

Three batteries of three cells each wers put ém a constant potential
charger at each of the aforementioned temperstures, The potential en
the bus-bars of the C,P, charger was set at 3x1,9Y%5,91V, and checked
with a Hewlstt-Packanrd model JOA Digital Voltmeter (0.1% accuracy).

The cells were intercomected with very low resistance commectors, ste-
bilized at the respective test temperatures and comnected to the bus-bars,
without any resistence in series, for 30 days, Individual cell veltages
and mressures were morditored at {n‘bervals and the results are summariged
in tables 7, 8 ad 9,
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COMMENTS AND CONCLUSIORS

1, Heavy separator systems do not allow an effective performance of the cells
at high rates of charge and discharge involved in a 3 hour - 50% cycling
regime. For that reason, separatars including a layer of PVA (polyvinyle
alcohol film) and/er PVA bags around the negatives) had to be abandoned

igr systems using C-19 (specially treated cellophans) only as main separa-
Te

The cycling 1ife of cells using heavy separstors is severely limited by
their poor charge acceptance at the test regime, since those separators
offeran excessive resistance to electrolyte and {on displacements in and
out of the positive electrode compartment, which are necessary for a
normal operation of the cells,

2. Low concentration KCOH solutions, improve considerably the charge accept-
ance of the cells, and therefore, their cycling life, This inprovement
is due to the low viscosity of such solutions, which eliminates or mimie
mizes the irrigation difficulties mentioned in parsgraph l. |

However, low concentration KOH seriously sttacks the separator gystem of

the cells mmd, at the same time, accelerates the attack of the silver on

the separztors. Both actions take place mainly as a function of wet life
and temperature, rather that cycling life, For tlat reason, cells tested
for cycling life imediately or within a short period of time after acti-
vation, at room temperature or below, will not suffer the effects of the
low coneentration solutions, but those effects will be predominantéafter
long periods of storage in the activated condition,

3. The use of highly absorbent interseparatar materials, wrapping the pogi-
tive electrodes or both the positives and negatives, by keeping a per-
manent supply of electrolyte in the elctrode areas, ensures an efficient
cell irrigation even at high rates of charge amd discharge.

Thms, this approach brings the same advantages as the low concentration
KOH, without its drawbacks.

One of thess absarbent materials, the P-5 (highly calendered, non~woven
polyamide fiber sheets) was used in the final design of the HR-12(S)
cell, both as a positive and negative interseparator.

lie When the problem of poor charge acceptance was eliminated, the shape
change of the negative electrodes bect® the liminting factor for the
cycle 1ife of the cell, This problem which is the main drawback of the
silver-zinc system, is object of a centimous effort directed to mini-
mize ite

5. One of the most controversial prohlems inthe design of sealed cells, is
the amount of electrolyte that should be put into each cell, Electrolyte
starved cells (so called because all the@dectrolyte is absorbed by the
cell pack leaving no free electrolyte in the cell case) or cellq with

low electro level, have the advantage of a higher rate of gas recambin-
ation, since the area 3f the elsctrodes exposed to contact with gas is

~ s = LBwm
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large, For this reason,cells can withstand overcharge for a sub-
stantially longer tims than electrolyte Pooded cells, It should be
noted, however, that at high rates of charge (1like those used for the
HR.12(§)) once the axygen evolution starts, the presswre build-up is
very rapid, and even under the best circumstances (elsctrolyte starved
cell, with low density electrodes and a loose cell pack) the rate of
recombination 48 only a smll fraction of the rate of gas formation.

Cells with low electrolyte level have the disadvantage of yielding a
lower capacity., Since the low capecity is due to inadequate irrigatiom
of the cell pack, a much more serious drawback results: the perfermance
of the cells is not reliabls, with large capmcity differences from cell
to cell and from cycle to cycle, A battery formed with cells on those
conditions, in apite of its better overcharge capebility, will perfam
poorly due to cell wurbalance, and what is worse, its operation involves
the constant risk of failure by bursting of one or more cells.

Elsctrolyte flooded cells (s0 called because the free elsctrolyte in the
cell case completely covers the cell pack) or cells with a high lsvel of
elsctrolyte have low overcharge capebility, but a very good silver utili-
zation and miform capacity. (of table 5, showing the imitial perform-
ance of the cells shipped to NASA),

We have supplied to NASA under this contrect cells with two lsvels of
electrolyte, amslevel to full electrode height, and b: level to half
elsctrode height,

It is possible that in the future, cells might be bwllt which can operate
efficiently in the electrolyte starved conditions a8 = matter of fact
our Research Department is actively engaged in investigations to develop
such a cell, but in the meanwhile, the opposite approach is to be pre-
ferred, relying on a relatively i“ voltage cut-off and especially on

a very uniferm cell to cell psrformance, to avoid excessive mressure
build-up en charge, On the other hand, the probability of generating
gas on discharge due to the reversal of a cell, is very remote in a

ten cell battery,

The performance of cells of the various preliminary designs and cells of
the final design, has been discussed and documented in the sections deal-
ing with each particular design, A sumary of all designs and their per-
formance on the 3 howr cycling period mgy be found in table 10,

As mentioned in the abstract of this repert, the HR12(S)-1 cell is not

expected to meet all the NASA requirememts, Some suggestions to optimise
its performamnce are listed below,

a) iMz for maximm wet life, cells should be stored at room terpere-
mE or better, at low tempsrature. High temperatures are definitely

Sheet 16 of 17



_ RERGRT WO, h72-& |
. HR12(8) CELL PR . |
; SATELLITE APPLICATIONS S

- NASA T
Ty v
OCTOBER
1964
b) : the NASA gpecifications requires a maximsm: depth of
c of 504 of nominal capacity, Although we have run

all out teste at the 50f regine, data available® in other types,
of sealed xilver ginc cells, at various temperatures, indicates
thntthecychnglﬁieisimmzﬂdbymwd%%ﬂﬂn

depth of discharge is reduced to 37,96, A further reduction %o
25% allows a 320% increase in ths nmmber of cycles.

e) gelixgg_ht__:.xgpamtm: the best performsnce is obtained at room
mpers or higher.Although the cell is operable at low temp-
eratures, its cycling life i1s seriously affected,

%Testing of Yardney Sealsd Silver Zinc cells (25AH) by Inland Testing Corp.
(Contr,s AF33(657)-8L450)
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