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SUMMARY

One hundred seventy-five (175) Type HS40-7 sealed silver-
zinc cells were fabricated, in lots of thirty-five (35) cells
each. These cells were filled, given formation cycles and
sent to NASA LeRC. Two (2) cells were retained to be used as
a contrel group during the cell testing portion of the program
performed at Yardney.

Six (6) groups of experimental 40AH sealed silver-zinc
cells were fabricated. The four (4) cells of each group con-
tained one variation from the standard configuration (HS40-7)
cell, These variations included positive electrodes made by
the Yardney continuous process rolling mill technique, separ-
ator fabrication process changes, and the substitution of
Yardney KT Mat (YIFL-II) for the normally used negative ab-
sorber. These experimental cells were given formation cycles
and, with the exception of ten (10) cells selected for the
cell testing program, were shipped to NASA LeRC.

Two (2) cells from each of five (5) experimental cell
groups plus two (2) cells of the standard configuration were
given test cycles to characterize the voltage and capacity
performance of the cells at various discharge rates. The test
cells were then subjected to 100% DOD Cycle Life Testing at
22°¢ using automatic cell cycling egquipment. The results of
the testing performed indicate that material and/or process
variations are available which will improve both performance
and cycle life of the existing 40 ampere-hour sealed silver-
zine cell configuration. The average cycle life to 50% loss
of nominal capacity in cells from two (2) of the experimental
groups was 150 - 165 cycles.

A series of 12 ampere-hour cells were fabricated and
tested as part of a developmental program to incorporate the
40AH sealed silver-zinc cell fabrication technelogy into a
cell of smaller size. Base line configuration cells and exper-
imental variations were produced using the HS40-7 cell fabrica-
tion and processing methods adapted to thée smaller cell size.
Oné hundred twenty {120) cells were given formation cyecles and,
with the exception of twelve (12) cells selected for the cell
testing prégram, wére shipped to NASA Lewis Research Center.

Two (2) base line configuration cells and two (2) cells
from each of five (5) groups of experimental cells were given




test cycles to determine their voltage and capacity character-
istics at various discharge rates. The cells were then sub-
jected to 100% DOD Cycle Life Testing at 22°C. The results of
tests on these 12 ampere-~hour cells indicate that sealed silver-
zinc cells using inorganic separators with a nominal capacity

of less than 40 ampere-hours could be designed and fabricated
and would give performance comparable to the HS40-7 cell when
operated at comparable current densities,

All of the fabrication and testing performed during this
Phase II Program was accomplished in the Sealed Silver-Zinc
Production Facility established at Yardney Electric Division,
Pawcatuck, Connecticut under NASA-Lewis Research Center Con-
tract NAS3-16805, Phase I. NASA Contractors Report GCR-134591,
entitled "Development and Fabrication of Sealed Silver-=Zinc
Cells" describes the work accomplished in Phase I.




INTRODUCTION

Over the past several years NASA-Lewis Research Center
has promoted the development of sealed silver-zinc battery
cells by funding programs with private contractors in the
battery and related industries.

Under one of these NASA funded programs, Mchonnell=Douglas
Corpeoration's Astropower Laboratory developed and fabricated a
40 ampere-hour sealed silver-zinc rechargeable cell which con-
tained essentially inert separator materials and electrolyte
absorbers. Their development of semi-flexible inorganic sep-
arator material 3420-25FMA, was a significant contribution to
sealed silver-zinc battery cell technology.

In 1970, McDennell-Douglas elected to discontinue opera-
tions at Astropower Laboratory in Newport Beach, California.
In 1972, NASA-Lewis Research Center funded, under Contract
NAS3-16805, Phase I, the establishment of a 300 square meter
production facility at Yardney Electric, Yardney Electric
Corporation in Pawcatuck, Connecticut. This facility was de-
signed, constructed, equipped and operated for the continued
utilizatien of the technology developed and documented by
Astropower Laboratory. As part of the same program, a guantity
of 40 ampere-~hour sealed silver-zinc cells, Type HS40-7, was
fabricated and tested in this facility under carefully con-
trolled fabrication and processing conditions. The results of
the testing performed on these cells indicated that the trans-
fer of technology from Astropower Laboratory to Yardney Elec=
tric Division had been accomplished successfully under guid-
ance and funding by NASA-Lewis Research Center.

NASA-Lewis Research Center continued to fund programs to
support its on~going evaluation of cell components, especially
inorganic separators, for sealed silver-zinc battery cells.
One such program involved the fabrication and testing of
standard and experimental 40 amhpere-hour and experimental 12
ampere~hour sealed silver-zinc cells.

It is the purpose of this report to describe the fabrica-
tion and testing of standard and experimental sealed $ilver-
zinc battery cell configurations in NASA's facility at Yardney
Electric Division, Yardney Electric Corporation, Pawcatuck,
Connecticut, under NASA funding on Phase II of Contract NAS3-
16806, '




TASK I - CELL MANUFACTURING (HS40-7 CELLS)

1. Objective of Task

To fabricate, form, finish and deliver one hundred seventy-
five (175) forty ampere-hour (40AH) sealed silver-zinc cells
using inorganic separator, cell Model HS40-~7, in accordance with
the drawings, specifications and procedures supplied by NASA
Lewis Research Center. The one hundred seventy-five (175) cells
to be fabricated in five (5) separate lots of thirty-~five (35)
cells each.

2, Cell Materials

2.1 The conductor material for the positive electrodes was
Exmet product 3Agl0-3/0 in a roll width of 9.16cm ¥ 0.38mm.
The long way of the diamonds (ILWD) was parallel to the width of
the coil. In fabricating the electrode grid, it was necessary
to make only one (1) cut to obtain the grid width dimension of
7.01/7.09¢cm.

2.2 The conductor grid material for the negative electrodes
was Exmet product 5Ag38-1/0 DISTEX in a roll width of 15.24cm *
0.76mm.

2.3 The zonductor tab material for both the positive and
negative electrodes was fine silver strip, 0.64cm wide x 0O.15mm
thick. Each electrode used a tab strip length of 7.62cm.

2.4 The active positive electrode material was silver pow-
der, Handy & Harman product "Silpowder 130", purchased in accord-
ance with Drawing No. 1D12572 and Handy & Harman product speci-
fications for "Silpowd=xr 130".

2.5 The zinc oxide used for the negative electrode mix was
the Horsehead brand manufactured by the New Jersey Zinc Company
and confcrmed to the specifications of USP-12. The zinc oxide
was packaged in plastic lined paperboard boxes containing 22.7Kg.
of powder.

2.6 The mercuric oxide used as the inhibitor in the nega-
tive electrode mix was analytical reagent grade red mercuric
oxide as manufactured by Mallinckrodt Chemical Works.

2.7 The electrolyte used was a 45 percent (45%) solution of
potassium hydroxide, "Baker Analyzed" reagent grade packaged in
one (1) pint, szaled polyethylene bottles. One (1) pint of this
electrolyte was sufficient to fill four (4) of the type HS40-7
cells.

PRECEDING PAGE BLANK NOT FILMED




2.8 The Allbond epoxy and the RB3-1 epoxy used to seal the
cell terminal hardware to the cell cover and also to top pot the
cell was purchased from Bacon Industries, Inc. in kit form, each
kit containing 0.5 liter of resin and 0.5 liter of hardener.

2.9 The inert material used for the sling, to aid in posi-
tioning the cell stack inside the cell case, was Teflon film,
0.13mm thick x 8.25cm wide.

2.10 The three (3) sizes of Parker "O" rings were made of
Compound E~540-8, which is ethylene-propylene, and the "0" rings
were shipped without preservatives, which might have interfered
with proper sealing when used in the terminal assembly CB502709.

2.1l The semi-tubular rivets, used to attach the electrode
tabs to the underside of the cell terminals, were produced of
CONSIL 901 (coin silver) wire, 0.30cm in diameter, on a standard
rivet machine.

2.12 The terminal casting, from which the finished terminal
was machined, was made by centrifugally casting molten coin sil-
ver. These parts were cast using Tool No. Tl2-0001 and conformed
to Drawing No. CB502712. Prior to machining, all castings were
100 percent (100%) X-rayed, a precaution taken to avoid machin-
ing castings with voids and similar defects. The castings were
machined to specifications and gold-plated per Specification
MIL-G-45204B (27 March 1967), Type I, Grade A, Class 1.

2.13 The metal washer used in the terminal assembly was
fabricated from l.59cm diameter coin silver rod. It was machined
to conform to Drawing No. CB502711 and was gold-plated per MIL-
G=-45204B (27 March 1967), Type I, Grade A, Class 1.

2.14 The jam nuts used to secure the terminal assembly were
fabricated from l.llcm hexagonal coin silver rod. These parts
were machired to conform to Drawing No. 1D12512 and were then
gold-plated per Specification MIL-~G~45204B (27 March 1967),

Type I, Grade A, Class 1.

2.15 The cell cases were furnished by NASA Lewis Research
Center. Each cell case conformed to NASA Drawing 1D12556 and
was injection molded of glass fortified grade 534-801 natural
polyphenylene oxide, Liquid Nitrogen Processing Corporation
product NF-1006, with 30 percent (30%) glass content.

2.16 Molded cell covers, per Drawing 1D12509, were supplied
by NASA Lewis Research Center. These covers were injection
molded of the same material used for the cell cases. Each cover
was supplied with a plug per Drawing 1D12510 which was injection

oo
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molded of the same material.

3. Negative Electrode Fabrication

3.1 Each Model HS40~7 cell contained five (5} negative elec-
trode assemblies consisting of a pressed zinc oxide powder elec-
trode contained inside a fuel cell grade asbestos bay coated with
a ceramic separator composition.

3.2 The negative conductor grid consisted of expandeg sil-
ver mesh, Exmet product DISTEX 5Ag38-~1/0, cut to 7.06cm x 9.12cm
and welded to a fine silver strip tab, 0.64cm width x 0.13mm
thick. The expanded mesh pieces and the cut silver tabs were
degreased in an ultrasonic cleaner using acetone as the cleaning
agent. Following the ultrasonic cleaning, the excess acetone
was shaken off and the parts were allowed to air dry. Using a
locating fixture to properly position the tab in relation to the
grid, the tab was welded to the DISTEX grid, using a 50 KVA re-
sistance welder with tungstenite welding tips. Four (4) spot
welds secured the tab to the conductor grid to form the negative
conductor grid sub-assembly.

3.3 The powder mix used in the negative electrode was pre-
pared in batches containing 3,920 grams of zinc oxide and 80
grams of mercuric oxide. These materials were added to both con-
tainers of a twin cone blender, alternating small amounts of each
material so that the mercuric oxide was somewhat dispersed
throughout the zinc oxide during the loading cof the twin cone
blender. The material was then mixed in the blender for sixty
(60) minutes, removed from the blender and transferred to a stain-
less steel tray, which was then placed in a Despatch oven and
allowed to dry overnight at approximately 70°C. A sample of the
negative mix was then analyzed to determine the actual mercuric
oxide content, using a titration method with potassium thiocyanate
and ferric indicator solution. All batches used met the require-
ment of 1.80 - 2.20% mercuric oxide. The exact analytical method
is described in "Treatise on Analy*ical Chemistry" by Kolthoff
and Elving, Part II, Volume 3, pages 306 - 308.

3.4 Each negative electrode used two (2) absorber layers
cut from potassium titanate paper furnished to the contractor by
NASA Lewis Research Center. The particular material was coded
product LPM174-67 and was manufactured by the Mead Corporatiocon.
Each absorber layer measured 7.06cm x 9.l4cm.

3.5 In fabricating the negative electrode, 30.1 grams of
negative mix was weighed out. Using the negative electrode mold,
one (1)} piece of potassium titanate paper was placed in the bot-
tom of the mold. Fifty percent (50%) of the volume of negative
mix was then poured into the mold on top of the potassium titanate



paper. This mix was then spread evenly with a tamping tool.
Next, a collector-grid assembly was positioned in the mold so
that it would lie flat on the mix; then the remaindar of the mix
was poured on top of the collector-grid assembly and again spread
evenly, using a tamping tool. A second piece of potassium titan-
ate paper was placed on the top of the mix in the mold followed
by positioning of the top punch into the mold. The filled mold
was then positioned between the platens of a hydraulic press and
pressed at 36,000 Kg. to compact the negative electrode mix
around the collector-grid assembly.

3.6 Each electrode was measured to determine that the width
was 7.llecm I 0.38mm, that the length was 9.2lcm T 0.38mm, that
the thickness was in the range of 0.22 - 0.23cm and the weight
was in the range of 37.8 - 39.0 grams. All negative clectrodes
used in assembling HS40-7 cells conformed to the above require-
ments,

3.7 Following acceptance of each electrode on the basis of
dimensions and weight, a plastic sleeve was positioned over the
electrode tab and a numbered identification tab was attached to
the end of the tab. Negative electrode sub-assemblies in this
condition, together with appropriate traceability data, were
stored in plastic boxes to await subsequent operations. The
edges of acceptable electrodes were reinforced by a light appli-
cation of a two percent (2%) solution of polyphenylene oxide
(PPO) in chloroform,

4, Positive Electrode Fabrication

4.1 Each Type HS40-7 cell contained six (6) positive elec-
trodes. Each positive electrode contained 23.0 .1 grams of
silver powder (product "Silpowder 130") and the completed posi-
tive electrode sub-assembly weighed from 25.2 - 25.6 grams.
Each electrode measured 9.21lcm x 0.69 - 0.74mm thickness.

4.2 A positive electrode conductor-grid sub-assembly was
fabricated by welding a fine silver strip, 7.62cm long and 0.64cm
wide x 0.13mm thick, onto a rectangular silver mesh grid, Exmet
product 3Agl0-3/0, cut to 7.05cm x 9.1llcm dimensions and ultra-
sonically cleaned in acetone. A locating fixture positioned the
silver tab accurately in respect to the conductor-grid prior to
the application of three (3) spot welds to complete this sub-
assembly. '

4.3 The positive electrode assembly fabrication was accom-
plished by evenly distributing 23 grams of "Silpowder" around
the conductor-grid sub-assembly in matched metal molds and press-
ing to the specification thickness in a 91,000 kilograms hydraul-

- "




ic press.

4.4 Following the pressing operation, each positive elec~
trode sub-assembly was dried at 1259C for one (1) hour to remove
any residual moisture prior to the sintering operation.

4.5 The dried positive electrode sub-assembly was then sin-
tered at 650°C for a period of four (4) minutes. This sintering
produced a strong mechanical bond due to physical coalescence of
the particles of "Silpowder 130" to each other and, due to the
cementing action of the sintering process, resulting in binding
of the powder particles to the conductor-grid.

4,6 It should be pointed out thai the molding of the posi-
tive electrode was done in a three (3) piece compression mold
consisting of a base plate, a mold ring and a punch. During the
pressing operation, the electrod: components were pressed to a
fixed dimension rather than using a pre-determnined force. This
was done to consistently contrel the thickness of the finished
pressed electrode.

4,7 Following the sintering operation, positive electrode
sub-assemblies were given 100 percent (100%) inspection te elim-
inate electrodes which might have mechanical defects, evidence
of contaminationr or variance from dimensional and weight require=
ments. Those electrodes passing the 100 percent (100%) inspec-
tion had insulating sleeves applied to the tab and identifying
serial numbers were attached to the tab at this point.

5. Separator Processing and Fabrication

5.1 The processing and fabrication of inorganic separators
for the ES40-7 cells was carried out in accordance with propri-
etary procedures supplied by NASA Lewis Research Center.

The raw materials necessary to prepare and fabricate the sep-
arators were supplied by NASA Lewis Research Center,

6. Ass bly of HS40- -7 Cells

6.1 The complete p051t1ve and negatlvm électrode assemblles
were stacked in the proper sequence with fiwve (5) negative elee-
trodes and six (6) positive electrodes comprising a cell stack,
Flgure (3) shows a complete electrode stack inside a céll case
using a Teflon film as a protective sling te facilitate the in-
sertion of the electrode stack into a ¢all case.

.
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6.2 The tabs of the electrode stack were formed utilizing a
"comb" assembly aid. The formed tabs were cut to langth and a
0.32cm diameter hole was punched in the center of the tab stack
to provide a means of riveting the tab stack to the underside of
the cell terminals.

6.3 With the electrode stack still only partially inserted
into the cell case, the electrode tabs were secured to the ap~
propriate termimnal tabs using a coin silver rivet which was
turned over using a special rivet setter. The area of the con-
nections between the electrode tabs and the cell terminals was
given a protective coating of Allbond epoxy. After this epoxy
had set, the electrode stack was pushed completely down into the
cell case and the cell cover was then secured to the correspond-
ing ledge inside the cell case.

6.4 The cever was ultrasonically welded to the cell case,
using a Branson Model 220C ultrasonic welder and a nesting fix-
ture for properly positioning the cell directly beneath the horn
of the ultrasonic welder during sealing. Prior to this opera-
tion, the c¢ell was placed in an oven that had been stabilized at
100%9%. and allowed to remain in this oven for five (5) minutes.

It was then transferred immediately from the oven to the ultra-
sonie welding fixture and welded, using settings, hold times and
weld times previously determined to be appropriate for this piece
of equipment.

6.5 Following the ultrasonic welding operation, each cell
was placed between restraining plates inside a cylindrical metal
bomb and pressurized through a special fitting to 3. SKG/cm3 In
order for a cell to be acceptable, there could be no ev dence of
leakage during a ten (10) minute period at the 3. 5Kg/cm3 level.

6.6 After completion of the pressure test, the area between
the inside seal of theée cell case and the per;phery of the cell
cover was pre-sealed with a thin bead of RB3-1 Allbond epoxy
which was then allowed to cure at room temperature for 16 -~ 24
hours.

7. Filling and Formation of Cells

7.1 The cells to be filled were first weighéd t6 the near=
est 0.1 gram in the dry state. The eells, the 45% solution of
potassium hydroxide and all the eguipment necessary to vacuum
fill the cells were placed in & glove bex which was flooded with
dry nitrogen. One hundred and ten milliliters (1.0 ml) of elec-
trolyte were carefully premeasured and introduced into the cell.
The vented cell was then placed in a vacuum chamber inside the




glove box and a vacuum of 710 T 25mm of mercury was achieved in

the chamber. This vacuum was maintained for thirty (30) seconds.
The chamber was then allowed to return slowly to ambient press-
ure. The filled and vacuumed:cell was weighed again and the
weight gain due to filling was calculated to verify that the
correct amount of electrolyte was present in the cell. The cell
was restrained between two (2) steeél plates 15.2cm x 1ll.4cm x
6.4mm thick and secured using four (4) round head bolts, 5.7cm
long, and wing nuts. The filled and restrained cells remained

in the nitrogen atmosphere during a soaking period of at least
twenty=four (24) hours. Befeore removing the ¢ell from the nitro-
gen atmosphere, the molded vent plug was positioned loosely in
the vent hole in the cell cover.

7.2 Each cell was charged for the first formation cycle at
a censtant current rate of l.5A to a voltage, while charging, of
1.98 - 2,00 volts or until an input of 45 ampere-hours was
achieved, whichever eccurred first. The c¢ell was éharged using
a constant current power supply. Charging current was monitored
using an ammeter with <1.0% accuracy. Cell voltage was monitored
using a 3-1/2 digit digital veltmeter with an accuracy of to.1%.
The cell voltage was recorded as a funétion of time during charg-
ing. The cell charging input capacity was calculated and record-=
ed.

7.3 Each charged cell was connec¢ted to formation discharge
equipment capable of discharging and monitering tem (10) cells
simultaneously at rates between 0.5 and 10.0 amperes. Individual
cell voltages were monitored using a cell selector switch and a
digital panel voltmeter with *0.1% accuracy. Discharge current
was adjusted using a variable re51$tor. Currents were read on a
panel ammetexr with an accuracy of <1,0%. Individual cells reach-
ing discharge end voltage were deleted from the 01xcu1t by means
of manually actuated switches.

7.4 Each cell was discharged at a constant current rate of
6.0A to a voltage, while discharging, of 1.00 volt. The cell
discharge voltage was recorded as a functien of time. The cell
discharge output capacity was calculated and recorded.

7.5 EBach cell was then low rate drained at a constant cur-
rent of 2.0A to a voltage, while discharging, of 1.00 volt. The
cell drain voltage was recorded as a function of time. The cell
drain outpnt capacity was calculated and recorded, ’

7.6 The first formation cycie input capacity, discharge ca-
pacity and low raté drain capacity for each ¢ell is given in
Tables I through v.

11
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TABLE I

FORMATION CYCLES DATA
CELL TYPE HS40-7
TASK I, LOT 1

.gggg HSA0-7 El FORMATION CYCLE NO. 1 ‘ FORMATION CYCLE HO. 2
J ; : 'DISCHARGE || DRATN j VOLTAGE DISCHARGE | DISCHARGE | NRAIN
=TASK;32g? 1 CELL } CHARGE ouTpUT  foUTPUT | TOTAL CIARGE § A% END | OUTPUT | PLATEAU ‘oumpuﬁ):: 193§§}
' §o. ] GRP. | Wo. || Weur { TO 1,00V fro L.0O ouTpyT | INPUT OF 0 k.06v | VOLTAGE |[TO 1.00V{ OUTPU
Txo. If ! | 1 : . cHaRGE  If :
i i I‘ . | A ' ¥ . .
| IS SR WL (A F D M) T (W T {(an , V) . (AH) T{RE)
I 1 Foor J 40.50 | 34.55 ] 1.26 [ 35.81 | 4s.0n0 1.976 41.40 ©1,484 0.90 42.39
fooz | 2050 | 34.34 ] 1.43 35.87 | 45.n0 1.975 41.45 © o 1.484 © 0,86 ] 42.11
003 ] 40.50 33.71  f 151 | 35,22 f 45.00 } 1.978 41.62 © 1,484 0.64 42.26
Jnod 40,50 f  33.68 .51 '} 35.19 | 4%5.00 1 1.979 ! 41.69 1.485 1 0,70 42.139
peos | 40.50 34,06 1 2.05 f 35,11 § 4%.00 | 1.e8n f 41.44 1.483 ©0.79 42.23
: ifooe p 41,25 | 34,35 | 1,31 | 35.66 | 45.4n | 1.981 . 41.52 1.477 . 0.63 42.15%
1 foo7 i 41,25 | 33.83 | 0.8 | 34.64 | 45.00 [ 1.975 - 41.32 § 1.478 0.72 § 42.04
B | nog | 41.25 | 35.00 0,95 35.96 F 45,00 | L.974 | 41.65 1.479 0.55 [ 42,20
i ! foo9 | 41.25 |} 35,08 1.09 36,15 § 45.00 | 1.977 | 41.77 ;1,481 0.44 | 42.21
- ) {oio | 41.25 1 34,96 | o0.82 | 35.78 ) 45.00 | 1.974 | 41.45 CL.47% 0.66 | 42,11
) : 01y f 4350 ) 38,15 4 o0.89 || 39.04 ) 45.00 1.972 f 41.89 S 1.481 ) 0.31 42.20
: 012 1 43.50 |} 38.25 | 1.06 J 39.3F | 45.60 | 1.981 41,87 1.485 © 0,23 42,10
! o013 ¥ 43050 F  37.82 f 1.22 ] 33,04 45,00 1,979 . 41.85 1.483 0,31 42,16
i jors | 43.50 3 28,18 | 1.03 | 39,21 || 45.00 I 1.978 41.92 § 1.484 | 0.26 42,18
1 oas f 43.50 | 38,36 ) 6,90 | 39.26 ) 4500 | 1.975 © 41.89 1.478 0.32 42,21
J016 | 45.00 [ 39,62 8,77 | 40.39 45.00 || 1.9B2 42,09 ©L.481 0,43 | 42,52
: . §017 § 45.00 [ 38.33 s 0.85 40.18 [ 1,987 41.90 ;1,478 0.53 | 42.43
o fnis | 45.00 39,39 f 0.76 ] 40.15 | 1.981 | 42.28 v 1,479 | 6.41 42.69
1 ~ Jore | 4s5.00 39,07 f 1o || 40,17 1.992 ) 41,82 1.481 |} 0.55 42,37
1 020 i 45.00 33.29 § o.64 || 39,93 { ¢4 1.980 . 41.63 1.48y p 0.70 42.33
| 1021 42,00 | 3g.95 | 2.32 i} 37,27 45,00 1.971 Po41.61 1 1.482 0.51 42.12
Joz2 42.00 35,52 - ¢ 1.75 f 37.27 | 45,00 | 1.974 41.56 1 1.482 0.50 | 42.06
4023 42,00 | 36,27 | 1,20 f 37.47 I} 45.00 | 1.978 || 41.64 . 1.494 p.28 | 4&1.92
024 ] 42.00 1  38.50 1,03 J 37.53 45,00 § 1,978 ] 41.88 ©o 1,482} 0.27 F 42,15
025 | 42,00 f 36.39 | r.08 | 37.45 | 45.00 ] 1.976¢ f 41.73 1.482 | 0.38 42.09
026 [ 4¥.25 | 34,42 ] 1.38 § 3s5.80 | 45.00 | 1.985 | 4l.e3 1.481 ) 0.52 42.45
f027 | 41.25 } 34.59 f 1.06 3 35,65 | 45.00 | 1l.986 i 41,63 1.483 1 0,78 42,41
joze Y} 41,25 33,57 ] 1.98 ,} 35.55 45,00 | 1.998% © 42,17 1.483 0.51 | 42.74
po2s f 41.25 § 34,33 | 1.45 | 35.78 45.00 ]| 1.987 42,25 ¢ 1.483 - 0,40 F 42.85
!poao | 41.25 F  34.07 f 1.58 f 35.65 45.00 | 1.931 42,23 ©l.481 0.42 42.65
fo31 k44,25 | 38,42 | o0.98 | 39.40 '} 45.00 | 1.980 42.75 © o 1.484 . 0,51 43.26
T3z It 44,25 | 37.84 | 1.5r | 39.25 § a5.00n f 1,978 ] 42.58 1.483 f 0.53 | 43.11
N33 f 44.25 38.58 [ 0.80 | 39.38 ] 45,00 § 1.9a7 | 42.39 1.481 : 0.63 43.02
N34 f 44.25 38.44 0.9% 39.35 | 45.00 { 1.996 42.54 1.480 6.68 | 43.22
I 1 .Yo3s | 44.25 38.67 1.00 'i 39.67 | 4s.o00 1.986 | 42.64 1.476 0.5% F 43.13
l ‘ ‘ Iy ' i
i , | i
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TABLE II

FORMATION CYCLES DATA
CELL TYPE HS40-7
TASK I, LOT 2

(SELL ps40-7 1 EORMATION CYCLE NO. 1 3 TORMATION CYCLE NO. 2
—— ! - - o+ . :
| naT I : ! | DISECHARGE § DRAIN | VOLTAGE DISCHARGE DISCHARGE [ DRAIN
mask| or ‘fcein | crARGE | ouTpur? 'oureuT | ToPAL  k cHARGE | AT ENp | ourPUT PEATFAC | OUTPUT F TOTAL
No. | 6re.  wo. || mveuT | TO 1.00V *mo 1.00vf ovspur [ IMPUT OF T 10 1.00v voLPAGE fTo 1.nov| ovreUT
Tre. | ‘ @ : i . CHARGE : 1)
i : ! I : | - . ‘ ] .
| | gy | wy  oamy f am ] iy ] () [ (am {v) | tam (ne)
1 2 fo3s | 4x.25s | 35,93 [ x.12 ] 37v.05 | a5.00 || 1.980 | 42.01 1.482 0.43 42,44
: J037 | al.25 |  35.63 1,37 | 37.00 | 45.00 | 1.980 . 42,06 1.486 0,39 | 42,45
038 | 41.25 } 35,62 1.5 T 37.17 | 4s5.00 § 1,584 41,49 1.485 ' 0,53 | 42,02
fo3s || 41.25 | 35.12 1.74 { 36.86 | 45.00 | 1.986 41,93 1.485 0,51 | 42,44
Joao |} 41.25 | 35.78 ] 1.26 i7.04 | 45.00 | 1,985 | 41.79 1.476 0.53 | 42.32
: { fo4r foa2.75 B 37,91 f 100 | 38,92 | 45.00 | L.977 | 41.16 1.482 0.43 | 41.59
! : 042 | 42.75 | 37.87 |} o.98 | 3d.85 [ 45.00 | 1.873 i 40.90 1.483 0.63 | 41.53
i . 043 | 42.75 37.80 .11 3a.01 | 45,00 | 1.973 | 40.81 1.483 0.58 | 41.39
044 L 42,75 37.3¢ | 1.56 } 38,90 } 4s.00 | 1.973 | 40.88 1.483 0.80 | 41.68
1045 } 36.00 || 30,51 1.23 31,74 } 45.00 ] 1.872 | 41.89 1.480 . 0.50 42.30
foss | 39,75 | 34,72 1.21 35.93 | 45.00 } 1.973 40,49 | 1.485 ' n.34 41.03
047 f 39.75 | 34.61 1.22 35.83 | 45.00 | 1.974 40,71 1.481 . 0.39 41.08
fo4s § 39.75 } 35.50 | o.90 | 3s.90 ] 45.00 | 1.978 | 40.40 1.486 | 0.52 41,12
joa9 | 39.75 | 34.92 1.03 35,95 | 46.00 | 1.978 41.06 : 1.483 0.37 | 41.42
4050 | 41,17 35.29 f 0.70 | 35.99 | 45.00 | 1.947 | 41.70 1,473} 0.13 | 41.83
losx f 3%.75 | 34.32 | l.20 | 35.52 | 4s.80 || 1.381 42.22 1.487 | 0.34 42.56
los2 f 3s.75 | 3459 |03 | 35.62 f 45000 | 1.977 | 41.95 ] 1.484 ] 0.37 42,32
053 § 39.75 || 34.46 | 1.13 f 3559 ¥ 45,00 § 1.979 ' 42,07 1.490 0.46 42,53
054 i} 39.75 | 34.96 .25 § 35.21 |} 4s5.00 f 1.984 42.32 1.487 0.44 42.76
655 | 39,75 | 34,29 1,35 1 35.44 | 4s.00 | 1.979 - 41,96 1.478 0.50 42.46
056 | 40.13 ] 35.42 1.29 | 36.71 | 45,00 | 1,982 41.73 1,475 - 0.40  } 42,13
les7 | 40.13 | 35.30 1.08 36,88 | 45.00 | 1.980 41.40 L l.484 - 0.44 41.84
fos8 | 36.00 }  30.99 0.98 f 31,97 | 45.00 | 1.976 | 41.65 I 1.480  § 0.35 | 42.00
poso J 40.13 F  35.74 | 1.11 | 36.85 || 4s.00 | 1.989 41.46 1 1483 |} 0.56 [ 42.02
‘ 060§ 40.13 35,83 | 1.0t ] 36.B4 | 45.00 | 1.986 41,75 T 1.481 ) 0,45 ] 42.24
3 061 |f 40.50 | 34.97 || 1,00 35.97 | 45.00 | 1.087 41,45 1 1.273 | o.64 42.09
| Jos2 | 40,50 || 34.50 [ 1.49 35,90 | 45.00 ¥ 1.978 41,75 ) 1.489 - 0.39 ] 42,14
1 163 1 40.50 34,11 1,79 f 35,90 § 45.00 | 1.983 f 41.32 1.466 i 0.30 42,19
Joss | 40.50 35.20 0.91 36.11 | 45.00 [ 1.980 | 42.09 o Ll.492 " 0,33 42.42
‘ 065 | 40.50 | 35.20 1.05 4 36.25 | 45.00 ] 1.982 42.06 . 1,492 | 0.31 42.37
; o6 | 39.75 | 33.85 | 1.27 3s.12 | 4s.0n0 | 1,998 42.88 © 1.483 | 0.45 43.33
; : foe7 § 39.75 } 3363 | 1.47 35.10 | 45.n0 | 1.989 42,94 1.488 ] 0.52 } 43.46
: ifoes L 39.75 f 32.03 2,73 || 34.76 | 45.00 | 1.990 42,80 1.486 f o.56 | 43.36
‘ oss I 39.75 | 33.24 | 2.35 | 24,59 ] 4s.n0 ] 1.992 | 42,01 1.487 0.44 | 43.35
1 2 pro ] 3975 I 32.32 {230 | 34.62 §as.00 | 1.980 , 42.68 1.488 0.71 ] 43.39
| - : ;




PT

TABLE II1I

FORMATION CYCLES DATA
CELL TYPE HS40-7
TASK I, LOT 3

_~—
Y msao-7 | FORMATION CYCLE NO. L ‘ _ FORMATION CYCLE NO. 2
13T 1 DISCHARGE | DRAIN | 1 | vorzace | nisemarez | piscuarce . DRAIN
masg | or PeELn | evarcE | ourpuT iourper | TOPAL | ciargE | AT ENp | ourpum PLATEAU | OUTPUT | TOTAL
1 wo. J6re. [ro. . i INPUT | TG 1,00V |FD 1.00V) OUTPUT INPUT | OF ' TO 1,00V VOLTAGE [0 1.00v] OUTPUT
: 1 vo. | : = : CHARGE ;
1! (aH) i R e I L 4 T I it . ) {RH) | (A}
i 3 fo;x J .00 | 3116 | o.83 | 313,99 | as.00 ] 1,971 ] 41.35 1.484 - 0,35 | 41,70
: 072 | 36.00 § 30.74 | .19 | 31,93 § as.0n | 1.979 | 41.32 D1.473 0,34 41.66
073 ) 36,00 { 30.68 | 1.53 32,21 { #5.00 | 1,987 42.34 1.483 - 0.33 | 42.74
014 f 3s.00 { 3.4 | 2.03 | 32,17 | 45,00 } 1.985 | 42,20 ©1.481 P 0.3 42.54
015 f 36.00 f 31.05 § 1.06 | 32.11 [ 45.00 1.998 | 42.15 . l.481 0.40 | 42.55
026 | 36.45 3z.vg ) .26 ). 33.30 § 45.00 1.981 ] 40.79 C1.478 . 0,47 § 41.26
077 f 26.00 | 31.2p ] 1,33 |} 32.34 45,00 1.990 | 42.36 ©o1,482 0.33 | 42.69
o7 § 3s.00 | .31.45 | 0,93 | 32,38 | 45.00 1.993 || 42.48 . 1.483 - 0.33 | 42.79
079 38.05 | 32,81 .20 & 34,01 § 45.00 | r.978 |} 41.70 1.48%1 . 0,34 | 42.04
080 f 36.45 | 32,70 0.76 | 33.46 [ 45.00 | L1.288 | 40.95 1.478 - 0,38 | 41,33
Josr | 3e.05 . 32.71 | 1.15 33.86 | 45.00 1.973 | 41.49 . 1.a81 0.34 41.83
082 || 38.05 § 32.63 | 1.20 ] 33.83 | 45.00 1,974 | 41.49 1.482 0,33 41.82
: 1282 | 38.05 | 32.78 ] o0.%9 33,77 | 45.00 1.977 | 4l.49 1.480 ] o.5r | 42.00
i qoss I} 3s.05 | 32.57 | r.23 | 33.80 | 45.00 } 1.978 41.59 1.476 0.34 41.33
1 s.no §  3p.82 f 1.25 [ 32.07 f 45.0n | 1,984 : 42.19 1.480 ] 0.32 42,52
t 36.00 30.56 % 1.26 | 31,82 § 45.00 1.985 © 42.09 i.482 } 0.46 42.55
36.00 31.03 1.08 32,11 45.00 | 1.9€0 © 42,30 1.482 | 0.43 42.75
36,00 3.1 .23 | 32.14 45.0N 1,941 © 42,30 ] 1.482 | o0.43 42.73
| 36.00 30,49 1,39 | 3a.83 1 45.00 1.987 42.13 1.484 0.38 42,57
36,45 .80 | 1.30 33.1n | 45.00 [ 1,972 : 41.80 | 1.479 ] o0.42 42,22
{ 36.45 | 32,92 | r.24 | 33.16 45,00 1,973 | 41.s62 1.478 0,53 | 42.1s
©36.45 | 3t.e3 I 1.33 33,16 45,00 [ 1.560 | 41.79 { 1.490 0.27 42,086
36.4'5 31.94 || 1.06 | 33.00 | 45,00 | 1.965 . 41,82 ] 1.486 0.31 42.13
c36.45 | 3269 || x40 | 23,09 45,00 | 1.967 41,71 1.482 [ 0,31 42.02
| 3s.00 } 31.73 ] 0.88 32,61 || 45.n0 | 1.968 . 41,97 1.485 0.23 42,30
_ { .00 | 31.72 |} 0,88 32.60 45.00 | 1.976 . 42.07 1,484 0,26 42.33
j 136,00 | 31.56 | 0.95 32,81 45.00 | 1.977 42,09 1,489 n.20 | 42,38
X { 34,50 § 30.06 f 0:97 }F 31,03 45.00 1.980 41.90 1.4B4 0.37 42,27
I P 3c00 f .44 103 F 3247 45,00 1.971 | 42.02 1,488 0.26 42.28
' F3e.22 F 32,20 f ro00 | 33.29 { 45.00 1.960 40.99 1.481 0.30 41,29
| 36.22 F  32.45 0.3 | 33.28 45.00 f 1.981 41,19 1.474 0.36 41,55
36.22 | 32,45 | 0.85 | 33,30 | 45.00 | 1.982 41.29 b 1.430 0.36 41,65
36.22 | 32,33 6.99 33.32 | 45.00 § 1.981 40.89 1.480 0,30 41.19
36.22 32.21 | o0.92 33.13 1 45.00 [ 1.984 41.10 1.471 0,33 41.43
I K} 36.45 } 31.89 1.23 { 33.12 f 4s5.0n ] 1.988 41.07 I 1.476 0,43 41.50
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TABLE IV

FORMATION CYCLES DATA

CELL TYPE HS40-7

TASK I, LOT 4

FORMATION CYCLE NO. 1 PORMATION CYCLE MO. 2
: ¥ T
. DISGHARGE | DRALW | § VOLTAGE | DISCIIARGE | DTSCHARGE | DRAIXN
ctiaRgE | obsper | ouTPuT | TATAL | CHARGE | AT END | OUTPUT pLaTrAY | ottpuT TOTAL
. pur o 1.00v }we 1.00v] ourpuT INPUD ] OF fTo l.00v | voumase [0 l.0m] OUTRUT
" : . |} cHaRGE ' :
sy || (a) (M) np) . (ay (v} {3} v BRGHL {21
S #1,%7 ) 35,49 0.58 36.05 § 45,00 1.987 41.79 1.473 boa.1s 41.99
1 oea.s0 { 24,12 1.02 25.14 | #5.00 1.982 42,33 L.480 S 0.3 42,54
] 28.50 24.09 1.05 } 25.14 | 45.00 1.973 42.33 1.472 9.20 42.53
1 28.50 24,37 0.83 } 25.20 N a5.00 1.986 42.42 1,480 0.17 42.59
. 41,17 35.49 0.53 | 36.02 | 45.00 1.989 41.79 1.481 0.23 32.02
©33.00 26.06 1.85 |} 27.91 J &s5.00 1.998 41.56 1.479 .31 41.87
| 33.00 26.92 1.30 || 28.22 [ 45.00 1.975 42.98 1.467 .30 43.28
I 33.00. 26.64 ] 1,19 27.83 45.00 1.997 43.4n 1.474 0.29 $3.49
| 4x.17 # 35.49 | 0,86 36.35 45.00 f 1.988 41.49 1.482 2.23 41.72
| 33.00 T 25,15 2.28 | 27,13 45.00 | 2.009 43.16 l.471 0.35 43,31
~33.00 | 27,80 1.24 | 29.04 ] as.en | 1.963 40.59 1.479 0.33 40.92
33.00 | 29.00 0.99 | 29.08 f 45.00 § 1.96L | 49.50 1.476 0.26 an.76
33.00 | 28.20 0.99 [ 29,19 |} 45.00 L.o64 | a0.39 1,488 .26 40.65
' 33.00 28.30 Lo0.91 29,21 | 45.00 1.965 49,50 1.488 ] 0.39 40.50
4 33.00 28.20 i 1,04 20,24 | as.00 | 1.962 § 40.80 1.481 P 0,30 | 4l.10
33.00 28.30 1.1l 28,41 | 45.00 | 1.966 | 40.80 1,489 - 0.39 41.19
33.00 .40 | 0.96 29,36 | 45.00 1.975 | 40.99 1.487 't 0.33 | 41,32
3300 78.50 || V.04 20.54 || 4s5.00 1.983  § 41.49 1.490 L 0.43 | 41,92
33.00 28.42 ) 1.14 29,56 | 45.00 1.278 41.59 1.492 0,40 | 41099
33.00 28,09 1.44 } 29,53 | 45.00 1.979 41,59 1.489 " 0.40  { 41.99
34.50 29,19 1.17 | 3n.36 { 45.00 1,985 42.19 1.479 - 0.57 | 42.75
34.50 298,07 1.39 30.46 ]| 45.00 1.983 42,29 1.479 f0.92 {2
41.17 35.19 n.73 is.¢2 | 4s5.00 1.987 41.79 1.480 0.23 42.02
© 34,50 28.50 1.83 30.33 | 45.00 1.979 42,28 1.476 0,45 | 42.73
34.50 28.69 1.50 L 3p.10  f 45.00 1.979 42.28 1.476 0.46 42.74
34,50 | 28.69 1.10 || 2e.79 | 4s5.00 § 1.988 | 42.74 1.473 0.44 43.18
] 34.50 ) 28.78 1.46 i} 30,22 F a5.00 F 1,884 | 42.58 1.478 0,38 42.96
J 34,50 | 28,95 1.43 30,39 §4s.on | 1.986 | 42.82 1.489 0,31 43.12
34.50 29,08 1.40 [ 30,49 f4s5.00 F 1,984 | 42.57 1.480 .49 43.06
34.50 29,01 1.36 {30.37 [ 45,00 § 1,986 42,74 1.470 0,42 43.16
37.50 31,79 1.77 ] 33.56 | 45.00 } 1.9%6 42,97 1.481 [ 0.38 43.35
37.50 32.27 1.20 ] 33.47 || 45.00 | 1.985 47.96 3.480 i 0.32 43,28
37.50 32.24 ' 1.29 §33.53 ) 45,00 § 1,977 43.01 1.479 Fo.o8 ] 43.09
37.50 31.88 | 1.65 | 33.53 | 45.00 1.582 43.00 1.478 “0.19 | 43,19
!
|
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TABLE V

FORMATION CYCLES DATA
CELL TYPE HS40-7
TASK I, LOT 5

rgsgg H540-7 || FORMATION CYCLE NO. 1 FORMATION CYCLE NO. 2
SYPE A
I [ : g B i
| i B : DTSCHARGE 13 NRATH ! | : | VQLTANGFE NISCIARGYE § DTSCHRARGE NRLIY
: LoT |- | CHARGE ‘ OUTPUT | ouTpu? | TOWAL I CHARGE | AT REND ouUPeRuT PLATEAU ourTTuT? TQTREL
TASK f or [CELL | INPUT § TO 1,00V }TO 1.0V OUTRUT TMPUT oF 4 =0 1.00v VOLTAGE |70 1.00i] ourpPur
‘e, | eme. | no. | | CHARGE
if: MO, : H |
= T I I tay | vy {aH) (v) () (24)
: N | i § !
x s fus1 | 31.s0 J 27.28 ; 0.93 f 28.81 ] 45.00 1.989 | 39,99 1.486 0.33 49,32
T2 & 31.50 | =27.58 I o0.75 | 28.33 | 45,00 1.991 39,79 1.485 n.40 40,18
i43 ) 31,50 F 27.42 o 0.69 28,13 } 45,00 1.999 ) 3m.90 1.486 n.33 40,23
144 ] 31.%0 | 27.s4 | 0.867 28,21 45,00 1.989 § 39.79 1.487 0,43 40.22
$145 || 31.50 27.48 ' 0.79 28,18 45,00 1.999 39.79 1.480 - 0.36 40.15
1146 | 36.00 30,06 ) 1.34 i} 31.40 45.0n | 1,987 40,99 1.480 0.36 4n,3%
147 36.00 29,89 1.64 | 30.53 45,n0 § 1.9a3 41,10 1.480 0.26 41.46
148k 36.00 29,99 © 1,02 T 31,01 45.00 | 1.992 41,10 1.477 0.40 41.59
148 ] 26.00 30,18} 1.0 31.28 44,07 1.999 40 .39 1.479 0.40 49,79
150 | 26.00 30.15 | 0.60 | 30.75 42,75 1.999 33,30 1.480 0.07 29,37
151} 37.50 32.19 4 o0.s0 I 32,79 43,65 1.996 39,09 1.476 p.36 | 39.45
fis2 | 3z7.50 |} 31.82 1,03 | 32.85 43,65 1.994 39,09 1.476 0.3 39,139
Jis3.f 3r.s0 ) 3z2.09 0.73 12,82 43,65 1.990  f 39,19 1.479 0.33 38,52
54 o 37,50 | 31.19 1,03 | 32,22 43.65 1.989 | 39.09 1.478 0.33 30,52
1155 37.50 32.09 0.47 | 32,56 43,65 2.000 | 39.00 1,473 f 06.26 39.35
f1s6 | 41,25 35.59 0.76 || 36.35 44,16 }  2.003 40,99 1.480 0.66 41.65
y157 41.25 35.70 0.73 | 36.43 44,16 | 2.00% 40,89 1,469 n.40 11.2¢9
138 1 40.50 33.19 0.83 § 34.02 45,00 1.989 | 41.89 1,468 0.70 42,50
1159 i 41.25 35.19 0.83 | 36,02 44,16 2,601 I} ax.49 1.476 © 0,20 41.69
160 | 41.25 35.49 0.86 36,35 44,16 2,000 40.99 1,480 0.36 41.35
161 f 4n.50 | 34.80 0.58 35,38 45.00 1,95 ] 4p0.39 1.461 0.40 4n.79
lie2 | 40,53 | 35.10 0.83 35,93 45,00 1.086 | 40.99 1.464 0.30 41.29
163 1 an,50 | 34,99 T 0.90 35.80 ] 45.407 1.993 | 40.89 1.459 0.4 41,20
164 | 40.50 || 35.10 0.69 35.70 45.00 2.003 40,59 1,460 0.40 40.99
165 | 40.50 34,99 0.80 15,79 45.00 | 2.003 40.£0 1.456 | 0.36 41.26
1168 39,00 { 33.00 0.56 33.56 44,25 | 2.o000 40.69 1.470 0.33 41.02
Ti67 39,00 b 32.89 0.63 | 33.52 44.25 | 1,999 40.38 1.471 0.53 40.92
168 .| 31,71 25,99 1.16 | 27.15 43,50 2.000 39,30 1.470 . C.33 39,83
169 | 39.00 32,79 0.66 31.45 43,99 2.000 40,29 1.475 0.40 40,69
70 | 39,00 32,70 0.56 33,26 43,87 2.060 19,79 1.467 0.60 4n.129
1170 40,50 34,39 1.00 35,39 ] 45.60 2.000 40.30 1.474 1 n.&o 41.40
172 40,50 34,59 0.96 35.55 Y 45.00 1,984 40.89 1.47% : 0.56 41.45
273 | 40.50 34,69 0.73 | 35.42 | 45,00 1.989 40.80 1.470 - 0.53 41,33
174 || 40.50 35.16 0.60 | 35.70 45.00 1,999 40,99 1.468 0.50 41.49
I 5 175 [ dn.s0 34,99 0.73 35,72 45.00 1.992 40,99 1.47¢ 0.53 41.52
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7.7 Following the completion of Formation Cycle No. 1, each
vented cell was heat treated for twenty~-four (24) hours at a tem-
perature of 1069C while sealed in a cylindrical steel bomb. To
minimize the presence of carbon dioxide, the bomb enclosure was
purged with dry nitrogen prior to sealing. The pressure within
the bomb and the temperature in the oven were recorded as a func-~
tion of time during the heat treatment. At the end of the twenty-
four (24) hour period, the oven was turned off and allowed to
return to room temperature.

7.8 During the manufacture of Lot 1 and Lot 2 cells, an ex-
periment was conducted to determine the approximate loss of water
from the cell electrolyte during heat treatment for normal and ex-—
tended periods of time. Five (5) cells from Lot 1 (§/1's 031
through 035) were exposed to 100°C temperature, while enclosed in
pressure vessels, for 196 hours. The loss in cell weight due to
this elevated temperature exposure was between 1.9 and 2.3 grams
with an average loss of 2.08 grams. The cells were brought back
to their original weight by the addition of distilled water to
each cell, Five (5) cells from Lot 2 (5/N's 036 through 040) were
checked for weight loss during the normal 24 hours of heat treat-
ment. The loss in cell weight for the cells of this group was
between 0.8 and 1.4 grams with an average loss of 1.10 grams.

7.9 Each cell was removed from the bomb and the cell vent
was thoroughly cleaned of any electrolyte residue. 24 molded vent
plug was cemented into place im the threaded vent hole using All-
bond Epoxy.

7.10 The entire cell top cavity and the cell terminal hard-
ware were thoroughly cleaned and dried. The cell top was theéen
completely filled with Allbond Epoxy. The epoxy encapsulated the
cell terminal washer, the vertical surfaces of the terminal nut
and the top surface of the cell case. The epoxy was allowed to
cure at room température for 16 = 24 hours,

7.11 The sealed cell was given a second formation cycle using
the same equipment and procedures used in Formation Cycle Neo, 1.
Cells delivering 40 ampere-hours output at the 6.0A discharge rate
with a plateau voltage of 1.42 volts or higher were considered
acceptable for shipment to NASA Lewis Research Center, O0f the cene
hHundred seventy=£five (175) cells given Formation Cycle No. 2, thir-
teen (13) cells failed to deliver the required 40 ampere-hours
discharge capacity output. All thirteen (13) cells were from Lot
5 whic¢h exhibited generally a lower discharge capacity output. The
thirteen (13) cells were given an elevated temperature soak for 48
hours at 40°C after which a third formation cycle was performed.
Eight (8) of the cells delivered the required discharge capacity
output during the third formation cycle discharge. The remaining
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five (5) cells were given an additional elevated temperature
soak for 48 hours at 40°C followed by a fourth formation cycle.
All five (5) cells gave the required discharge capacity output
during the fourth formation cycle discharge. The results of the
two (2) additional formation cycles are given in Table VI. A
thorough review and analysis of cell material traceability, fab-
rication, processing and iaspection data indicate that the cause
of the lower capacity in Lot 5 cells was an increase in the av~
erage thickness of ceramic coating on separator bags. Coating
thickness on cell Lot 1 through Lot 4 separator bags had averaged
0.256mm and the average coating thickness for cell Lot 5 separa-
tor bags was 0.267mm.

7.12 The Formation Cycle No. 2 charge input capacity, cell
voltage at the end of charge, discharge output capacity, cell
plateau voltage, and low rate drain capacity for each cell are
given in Tables I through V.

8. Cell Finishing and Shipment

8.1 Following the second formation cycle, each cell was re-
moved from its restraining fixture, weighed to the nearest gram,
cleaned, inspected dimensicnally and returned to its restraining
fixture. Permanent polarity indication was marked on the top of
the cell adjacent to the positive terminal. The cell case on
the positive side was permanently marked with the cell assembly
code date, the cell serial number, the cell type, the letters
"NASA" and inspection status marking. The negative side of the
cell case was permanently marked with the cell filling date code
and the words "YARDNEY ELECTRIC CORPORATION". The £inal inspec~
tion of each cell was then completed and each individual cell
was packaged in a separate unit cell container designed to accom-
odate a single cell restrained between two (2) steel plates.
Several such unit cell packages were then packed in wooden crates
for shipment.

8.2 With the exception of two (2) cells (Lot 2, $/N 069 and
070) all of the cells manufactured during the performance of
this task were shipped to NASA Lewis Research Center. The two
(2) cells noted above were used as a control group during the
cell test program described in Task IV of this report.
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FORMATION CYCLES DATA

TABLE VI

ADDITICNAL

CELL TYPE HS40-7
TASK I, TOT 5

FORMATIGN CYCLE NO. 4

:§T¥P£ FORMATION CYCLE NO. 3
R | T . T T
r ! ﬁr : i . VOLTAGE !
. N Lor 3 ; DISCUARGE | PRAIN | : AT END || DISCHARGE | DISCHARGE | DPRAIN
“oasx| or || eELL | charcE ourpur fourpur { TOTAL CHARGE | O©F QUTPUT PLATEAU | OUTPYT TOTAL
. No. | ere.|| wo. | inpur {we i.oov |To 1.e0v] ourpuw INPUT | CHARGE | TO 1.00V vorrage {To 1,00v| oureur
~ foue. ) ; | i
I ! ——— ; ; - +
i Il LAR). (aH] §tan) an) (AH) (v (aH) (vl {hil) {Ri)
+ T : : — : .
1) s[4z 45,00 41.59 ' 0.76 42.35
i 142 | 4s.00 41,40 | o0.96 43,136
| 143 45.00 41,29 ' 0.93 42,22
144 45,00 | 41.59 0.80 42.39
‘145 45.00 41,59 0.BO 42.39
: 150 43.50 41,49 0.63 42.12
: 151 42.75 | 40,01 0.93 40.94
: 152 40.95 |  38.%0 0,80 39.70 43.80 41,53 1.479 L.21 §2.74
: 153 | 42.a5 40.30 0.56 40.86
: 154 | 42.00 | 39.30 9.73 40.03 43.80 41.90 1.479 1.11 43,01
i | 155 | 41.07 | 39.00 0.76 39.76 43,80 41.90 1.481 1.20 43.10
: | | 168 |. 41.07 i| 38.80 0.66 39.46 43,80 42.00 1.478 1.03 43.03
1| 5 1o} 42.15 | 39.23 0.96 40.19 43,80 41,64 1.479 1.30 42.94
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TASK II -~ CONSTRUCT TWENTY-FOUR (24) 477"H EXPERIMENTAL CELLS

1. Objective of Task

The objective of this task was to construct six (6) groups
of 40AH cells, each four (4) cell group containing one (1) vari-

ation in cell materials or one (1) change in processing technigue.

2. Cell Materials

With the exception of the substitutions descrilked under Cell
Fabrication, the cell materials used in the groups of cells con-
structed for this task were the same as those used in Task I
cells,

3. Cell Fabrication

The fabrication and processing techniques used during the
construction of the twenty-four (24) cells in this task were,
wherever possible, the same as those used during the manufacture
of the cells in Task I. The following discussion of the indivi-
dual groups of cells points out those deviations necessitated by
the incorporation of the various experimental modifications
specified.

3.1 Group 1 - The cells of this group used silver electrodes
which were produced on the Yardney continuous process rolling
mill. The silver powder used was Yardney Type HS which conformed
to Yardney Specification YEC-207. The dimensions and the weight
of the active material of these electrodes was the same as the
mold pressed electrodes produced in accordance with Drawing
No. 1b12571. Two (2) pieces of 0.64cm wide x 0.10mm thick fine
silver strip were welded onto the electrode, one (1) on either
side, to effect conductor tab attachment. A single piece of the
heat shrink tubing was used to insulate the dual tabs on the
electrode. '

3.2 Group 2 - The experimental modification initially speci-
fied for this group was the use of Handy and Harman "Silpowder
130" in manufacturing positive electrodes by the Yardney contin-
uous process rolling mill techniques. It was found, after some
experimentation, that Silpeowder 130 was hot compatable with the
rolling mill process. By technical direction from the NASA
Project Manager, the modification was changed to the use of
Yardney Type HC silver powder. Other than the difference in sil-
ver powder type, the electrode fabrication was identical to that
of Group 1.

3.3 Group

'3 - An alternate method of impregnating sheets of
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0.25mm thick fuel cell grade asbestos was introduced into [ he
processing of separators for Group 3 cells. The sheet of asbes-
tos was formed into a tube and slowly immersed, open end first,
in the jimpregnating solution contained in a glass cylinder with
approximately 6.5cm larger inside diameter than the diameter of
the asbestos tube. The sheet was slowly withdrawn from the solu-
tion and allowed to dry for a short period in moving air at room
temperature while still formed into a tube. The tubes were then
opened and the balance of the drying was done with the sheets
hanging by one corner in moving air at room temperature. The im-
pregnated (treated) sheets were processed by normal methods dur-
ing the remaining separator fabrication. A control group of as-
bestos sheets was impregnated by normal methods at the same time
using impregnating solution and asbestos sheets from the same
batches. 2 comparison of the materials produced by the two meth-
ods showed almost no difference in percentage of weight gain in
the asbestos material due to impregnation. It was noted, how-
ever, that the asbestos impregnated by the normal method was con-
siderably more hygroscopic than the "cylinder dip" impregnated
material,

3.4 Group 4 - The impregnating solution and ceramic filled
slurry used to process and fabricate the separators for Group 4
cells used trichloroethylene as the solvent. Trichloroethylene
was substituted for chloroform on an equal volume basis., No sig-
nificant difference was noted in any processing step leading up
to the application of slurry to the asbestos bag. Difficulties
were encountered during the slurry application process in that
the cast coating on the bag had a tendency to crack. The crack-
ing occurred in the area between the heat seal of the asbestos
bag and the radii in the bag material where the bag was formed
for electrode insertion. Attempts to eliminate the cracking by
varying the slurry viscosity, and the cencentration of solvent in
the atmosphere in which the dipped bag was drisd were to no avail.
By technical direction from the NASA Project Manager the defini-
tion of the modlflcatlon for the experimental cell group was
changed.

The revised definition of the process variation to be incor-
porated im Group 4 cells called for the bagged positive and nega-
tive electrodes to be given only one (1} dipping in the normal
ceramic filled slurry to achieve a coating thickness of 0.05 to
0.07mm per side. The 0.55 to 0.83mm decrease in cell stack thick-
ness was compensated for by using two (2) additional 0.13mm thick
Teflon £ilm assembly strips on the outside of the cell stack.

3.5 Group 5 - The fuel cell grade asbestos used to fabricate
the separator bags for this group of cells was impregnated by the
vendor. With this process already completed, the material was
cut to separater bag size and processed in the neormal manner.
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3.6 Group 6 - The negative electrodes fabricated for the
cells of this group utilized an absorber mat manufactured by
Yardney in place of the standard mat. The Yardney material used
was Type YIFL-II made in accordance with Yardney specification
YP-614. Pieces of this material were pressed onto both surfaces
of each negative electrode.

4, Cell Filling and Formation

Each of the twenty-four (24) cells was filled and given for-
mation cycles as described under Task I. The results of the two
(2} formation cycles is given in Table VII. Upon completion of
formation cycles, the cells were either shipped to NASA Lewis
Research Center or transferred to the experimental cell evalu-
ation program conducted under Task IV. Disposition of the
twenty-four (24) cells was as follows:

No.'s Shipped No.'s Retained
Group No. to NASA for Testing.
1 003 and 004 001 and 002
2 002 and 004 081 and 003
3 001 and 002 003 and 004
& 001 through 004 None
5 001 and 004 002 and 003
6 002 and 003 001 and 002

—

———ee



TABLE VII

FORMATION CYCLES DATA
EXPERIMENTAL 40AH SEALED
SILVER-ZINC CELLS, TASK II

GROUPS 1 THROUGH 6

‘bsnp'éxpanimsuﬁnb - ‘ P ,
JT¥PE 40 AR CFLLS FORMATION CYCLE NO. 1 PORMATION CYCLE NO. 2
1 or | 1 bIscuARGE | DRAIN 1 1 VOLDTAGE DISCHARGE | DISCHARGE DRAIN
|TASK =34 CELL | CHARGE | OUTPUT " QUTPUL TOPAL . CHARGE { AT END OuTPUT . PLATEAU AUTPUT TQOTAL
| ¥o, | Gre. | NO. INPUT T0 X%.00V Te 1,00V} Gurenr INPUT OF TO 1.00V | VOLTAGE TG 1.00v ourPpT
; No. ; CHARGE ‘
_ (au)y | A { ey 1 am | @ tv) Tawm | W o (am) {AH)
! i Jlogr 7 4s.00 | 37.58 f 0.77 } 3B.35 38.75 1.999 | 37.33 i  1.488 0.37 37.70
) i 1T | 1 062 | 45.00 | 3B.03 . .44 3. 17 39.75 1.990 37.57 : 1.4886 0.35 ) 37.92
o | : l1oos | as.00 § 37.74 0.55 | 38.29 | 39.75 2.002 17.42 1.486 0.47 37.89
== ! . 004 | 45.00 § 37.80 | e.56 | 38.36 [ 39.75 2.002 37.26 1.487 0.35 37.61
g G2 (i ' 601l | 35.25 31.80 0.27 32,07 [ 38.25 1,997 i4.09  § 1l.491 9.27 34.36
= Q I 1 | 2 Jooz } 3s.25-| 31.77 4 0.32 | 32.09 33.25 2.000 .2 | L.430 ) w©.37 34.29
O & : ‘ Jooz } 35.25 }-o31.75 1 0.38 | 32,12 36.060 1.998 31,93 | 1.490 | 0.42 32.35
= ? i Joos | 35.25 31.83 ll 0.34 | 32.1 37.13 1.99% | 33.32 | 1.488 | 0.19 33.51
‘-g.l-a I ‘ {oor | 37.50 | 31.8¢ | 1.21 | 33.05 | 4s.00 1.996 42.99 1,481 0.44 | 43.43
g 1z | 3 {eoz [ 37.50 % 31.65 f 1.43 [ 33.08 | 45.00 | 1l.997 42.98 1.472 0.44 43.42
E ap) i god | 37.50 31.23 1.73 | 32.96 | 45.00 1.996 43,02 | l.g81 0.50 43.52
.aw | pod I 37.50 3.24 1.51 | 32,35 | 45.00 | 1.9%6 43..8 1.481 0.54 43.72
N it i ! k ]
<& | | vol | 31.50 28,05 § 0.65 | 2B.70 { 45.00 1.995 42,09 | .48r | o.70 42.79
} =} 4 ifoo2 } a3r.s0 | 28,06 | 0.77 | 28.83 | 45.00 1.987 | 42.22 | 1.465 | o0.6) 42.82
i | foon | 3150 ) 27.36 | 1l.22 | 28.39 | 44.25 | 1.99% [ 41.43 } 1.485 | 0.78 42.21
! food | 31.50 | 27.69 | .91 [ 28.60 45.00 1.996 42.23 | 1.48s 0.69 | 42.92
| R : H X . ! ) . :
o0 Y 40.s50 | 35.1¢ § r.18 | 36.34 | 45.00 2.000 42.34 | 1.483 0.20 | 42.64
J zz | 5 jooz | 40.50 34.886 f .51 | 36.40 J 45.00 § 1.983 | 42,30 [ 1.483 0.33 | 42.63
I 0e3 | '40.50 35.3¢ | o.93 | 36,23 ) 4s.00 | 2.002 | 4z.09 1.482 0.45 | 42.57
II 1 004 | 40,50 35.27 i} .oz | 36.29 3 44.25 | 2,004 41.35 1.484 0.48 | 41.83
i ! | | 1 ‘ ‘
| Joor § 1s5.00 37.99 | o0.64 | 38.63 43.86 2.002 40.17 1.473 0.43 40.60
1z Vs Joo2 \ 45..00 37.97 | o.80 | z28.72 45.00 2,002 | 41.40 | 1.465 | 0.40 41.80
_ | 003 | 45,00 38.39 | o0.66 | 38.85 45.00 1.995 | 42.20 | 1.475 | o0.34 41.54
: f 004 | 45,00 38.12 [ 0.63 { 38,75 45.00 2.002 ) i1.12 1,476 { 0.48 41.60
i ! : | i § :
| i
! ]
| 1 |
N
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TASK III -~ 12 AMPERE-HOUR EXPERIMENTAL CELL FABRICATION

1. Objective of Task

The objective £ this task was to fabricate one hundred forty
(140) 12 ampere-hour sealed silver-zinc cells in groups of the
size and experimental configuration specified or approved by the
NASA Project Manager.

2. Cell Matg;ials

Except as noted in the discussion of experimental cell con-
figurations, the materials used to fabricate the 12 ampere-hour
experimental cells were the following:

2.1 The conductor grid material for the positive electrodes
was Exmet product 32gl0-3/0.

2.2 The conductor grid material for the negative electrodes
was Exmet product 5Ag52~1 DISTEX.

2.3 The conduc¢tor lead material for both the positive and
negative electrode conductor grid assémblies was fine silver
wire, 0.40mm diameter, Four (4) strands of this material were
attached to each conductor grid.

_ 2.4 The positive electrode active material was silver pow-
der, Handy and Harman product "Silpeowder 130", purchased in
accordance with Drawing No. 1D12572 and Handy and Harman speci-
ficatiens for Silpowder 130.

2.5 The zinc oxide used for the negative electrode mix was
the Horsehead brand manufactured by the New Jersey Zinc Company
and conformed to the specifications of U$P=12, The zinc oxide
was packaged in plastic lined paperboard boxes containing 22.7Kg
of powder.

2;6_ The mercuric oxide uséed as the inhibitor im the negative
electrode mix was analytical reagent grade red mercuric oxide as
manufactured by Mallinckrodt Chemical Works.

2.7 The electrolyte used was a 45 percent (45%) solutidén of
potassium hydroxide, "Baker Analyzed" reagemt grade packaged in
one (l) pint, scaled polyethylene bottles. ©One (l) pint of this
electrolyte was sufficient to £ill twelve (12) of the 12 ampere-
hour cells.

2.8 The Allbond epoxy used to seal the c¢ell terminal hard-
ware to the ¢ell éover was purchased from Bacen Indusgtries, Inc.




in kit form, each kit containing 0.5 liter of resin and 0.5 liter
of hardener.

2.9 The inert material used for the sling, to aid in posi-
tioning the cell stack inside the cell case, was Teflen fllm,
0.13mm thick. o

_ 2.10 The cell case was molded to conform to Yardney Drawing
No. 2569R-2. This part and the cell cover were molded using 30%
glass fortified polyphenylene oxide.

2.11 The cell cover was molded to conform to Yardney Draw-
ing No. 2570R-2. The molded cover was modified by machining the
sides to create a @.76mm wide x 0.38cm deep area around the cover
for sealing compound. The cover vent hole was threaded to accept
a sealing screw with a #8-32 thread.

2.12 The terminal assembly consisted of three parts:

- Yardnmey Part No. 2709-3, 1/4-28 screw terminal
with No. 34 hole;

- Yardney Part No. 2710-3, nut, hex 1/4=28;

- Yardney Part No. 2711-3, washer for 1/4" terminal.

These parts are machined or punched from brass stock and gold-
plated per MIL-G~14548A, Type II, Class 1, over silver-plating
per QQ=5-365, Type III.

2.13 The epoxy used to encapsulate the area where the elec-
trode leads enter the terminal hole was Type RB3-1l, manufactured
by Bacon Industries.

2-14 The threaded sealing plug was machined from 0.95cm dla—

meter Noryl reod stock,.

2.15 The compound used to effeet a seal between the cell
case and cell cover assembly was Yardney Type E-600 per Yardney
Specification YEC1603.

3. C@ll,rab;;ggt;on

Except &s noted in the discussion of Experlmehtal Cell Con-—
figurations, the 12 ampere-hour cells were fabricated by the
methods and to the dimensions described in this report section.

3.1 Negative Electrode Fabrication

3.1.1 Each 12 ampere-hour cell contained two (2) nega-=
tive electrodes consisting of negative mix, a conductor grid
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assembly and negative absorber mats.

3.1.2 The powder mix used in the negative electrode was
prepared in batches containing 3,920 grams of zinc oxide and 80
grams of mercuric oxide. These materials were added to both
containers of a twin cone blender, alternating small amounts of
each material so that the mercuric oxide was somewhat dispersed
throughout the zinc oxide during the loading of the twin cone
blender. The material was then mixed in the blender for sixty
{60) minutes, removed from the bhlender and transferred to a
stainless steel tray, which was then placed in a Despatch oven
and allowed to dry overnight at approximately 70°C. A sample of
the negative mix was then analyzed to determine the actual mer-
curic oxide content, using a titration method with potassium
thiocyanate and ferri¢ imdicator solution. All batches used met
the requirement of 1.806 = 2.20% mercuric oxide.

3.1.3 The negative electrode conductor grid assembly
consisted of DISTEX 5Ag52-1 cut €6 7.54cm x 4.12em and welded to
four (4) strands of 0.40mm diameter fine silver wire. The ex-
panded metal mesh pieces were cut to size and cleaned in an ul-
trasonic bath using acetone as the cleaning agent. Using a lo-
cating fixture to properly orient the grid in welation to the
four (4) wires, the wires were welded to the grid using a 50KVA
resistance welder with tungstenite tips.

3.1.4 Each negative electrode used two (2) absorber
layers cut from potassium titanate paper furnished to the con-
tractor by NASA Lewis Research Ceniter. The particular material
was coded product LPM174-67 and was manufactured by the Mead
Corporation.

3.1.5 In fabricating the negative electrode, 21 grams
of negative Mix were weidhed out. Using the negative electrode
mold, one (1) piece of potassium titanate paper was placed in the
bottom of the meld. Fifty percent (50%) of the veolume of nega-
tive mix was then poured into the mold on top of the potassium
titanate papér. This mix was then spread evenly with a tamping
toéol. Next, a ¢ollector-grid assembly was positioned in the mold
so that it would lie flat on the mix; then the remainder of the
mix was poured on top of the collector-grid assembly and again
spread evenly, using a tamping tool. A second piece of potassium
titanate paper was placed on the top of the mix in the mold fol-
lowed by positioning of the top punch into the mold. The filled
mold was then positioned between the platens of a hydraulic press
and presséed at 36,000 kg. tod compact the negative eled¢trode mix
around the collector-grid assembly.

3.1.6 Each electrode was measured to dete:mine that the




width was 4.18 = 4.23cm, that the length was 7.59 - 7.64cm, that
the thickness was in the range of 0.284 - 0,2%4cm, and that the
weight was in the range of 24.8 - 26.8 grams.

3.1.7 Following acceptance of each electrode on the
basis of dimensions and weight, a plastic sleeve was positioned
over the electrode tab and a numbered identification tab was
attached to the end of the tab. The edges of acceptable elec-
trodes were reinforced by a light application of a two percent
(2%) solution of PPO in chloroform.

3.1.8 HNegative electrode sub-assemblies in this comrdi-
tion, together with appropriate traceability data, we~e stored
in plastic boxes to await subsequent operations.

3.2 Positive Electrode Fabrication

3.2.1 Each 12 ampere~hour cell contained three (3) pos-
itive electrodes consisting of silver powder and a coenductor grid
assembly.

3.2.2 A positive electrode conductor grid assembly was
fabricated by welding four (4) strands of 0.40mm diameter fine
silver wire te a 7.54 x 4.1l2cm piece of Exmet 3Agl0-3/0 expanded
metal mesh., Proper lead-to-grid aligmnment and positioning was
achieved with locating fixtures. The conducter grid was ultra-
sorically c¢leaned with acetone before and after the lead welding
operation.

3.2.3 The positive electrode assembly fabrication was
accomplished by evenly distributing 13.4 grams of "Silpewder 130"
around the conductor grid assembly in matched metal molds and
pressing to the specification thickness in a 91,000 kilegrams
hydraulic press. Elec¢trode thickness was 0.86 - 0.91lmm.

3.2.4 Following the pressing operatlon, each positive
electrode sub-assembly was dried at 125°C for one (1) hour to
remove any residual moisture prior to the sintering operation.

3.2.5 The dried positive eléctrode sub-assembly was
then sintered at 650°C for a period of four (4) minutes. This
sintering produced a strong mechanical bond due to physical co=
alescence of the particles of "Silpowder 130" to each other and
due to the cementing action of the sintering process, resulting
in birding of the powder particles to the conductor grid.

3.2.6 The molding of the positive electrede was done in
a three (3) piece compression mold consisting of a base plate, a
mold ring and a punch. During the pressing operation, the elec-
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trode components were pressed to a fixed dimension rather than
using a pre-determined force. This was done to consistently
control the thickness of the finished pressed electrode.

3.2.7 PFollowing the sintering operation, positive elec-
trode sub-assemblies were given 100 percent inspection to elimin-
ate electrodes which might have mechanical defects, evidence of
contamination or variance from dimensional and weight reguire-
ments. Those electrodes passing the 100 percent inspection had
insulating sleeves applied to the leads and identifying serial
numbiers werre attached to the leads at this point.

3.3 Separator Processing and Fabrication

3.3.1 The processing and fabrication of inorganic sep-
arators for the 12 ampere-hour cells was carried out in accord-
ance with proprietary procedures supplied by NASA Lewis Research
Center.

3.4 Assembly of 12 Ampers-Hour Cells

Each 12 ampere-hour cell consisted of three (3) bagged
positive electrodes, two (2) bagged negative electrodes, a cell
¢case, a cell cover assembly, a vent sealing screw and case=to-
cover sealing compound.

3.4.1 The cell cover assembly was fabricated by seal-
ing the junction area between the cell terminals and the cavi-
ties in the cell cover with Allbond epoxy and securing the ter-
minal to the cover with the terminal nut. The epoxy was allowed
to cure for 16 - 24 hours at room temperature.

3.4.2 The cell pack was assembled by alternately stack-
ing bagged positive and negative electrodes with the three (3)
sets of positive leads aligned on one side and the two (2) sets
of negative leads on the opposite side of the pack. The bagged
electrodes were aligned and inserted inteo a cell case with the
aid of a protective sling of Teflon film. The electrode leads
were formed to relieve any pressure on the electrodes or separa-
tors and threaded up through their respective terminals in a cell
cover assembly. The cell stack was completely inserted in the
cell case and the cell cover was positioned in the ecell case
cavity. Excess lead length was cut off flush with the top of the
cell terminals and the electrode leads were soldered into their
respective terminals. The underside of the cell terminals where
the electrode leads enter the terminal was f£illed and encapsu-
lated with RB3-~1 epoxy to protect the lead-solder-terminal junc-
tion from corrosion by electrolyte, Having marked the positive
electrode terminal and trimmed off excess protective sling



material, the cell pack and cover assembly was again positioned
in the cell case. The sealing area between the cell case and
cover was completely filled with epoxy sealing compound. When
this compound was cured, the wide =sides of the cell case were
restrained. Each cell was pressure tested with dry nitrogen gas
to a gage pressure of 0.7kg/sqg.cm. for ten (10) minutes. To be
acceptable, the cell could manifest no sign of leakage during
the test period.

3.5 Filling and Formation of Cells

3.5.1 The cells to be filled were first weighed to the
nearest 0.l gram in the dry state. The cells, the 45% solution
of potassium hydroxide and all the equipment necessary to vacuum
£fill the cells were placed in a glove box which was flooded with
dry nitrogen gas. The gquantity of 30 - 31 milliliters of elec-
trolyte were carefully premeasured and introduced into the cell.
The vented cell was then placed in a vacuum chamber inside the
glove box and a vacuum of 710 I 25mim of mercury was achieved in
the chamber. This vacuum was maintained for thirty (30) seconds.
The chamber was then allowed to return slowly to ambient pressure.
The filled cell was weighed again and the weight gain due to £ill-
ing was calculated to verify that the correct amount of electro=
lyte was present in the cell. The cell was restrained between
two (2) 3.2mm thick steel plates and left in the nitrogen atmos-
phere in the glove box for a soaking period of twenty-four (24)
hours. Before removing the cell from the glove box, the vent
plug was threaded loosely in the vent hole in the cell cover.

3.5.2 Each cell was charged for the first formation
gycle at a constant current rate of 0.3062 (2.3ma/sqg.cm.) to a
voltage, while charging, of 1.98 - 2,00 volts or until an input
of 13.5 ampere-hours was achieved, whichever occurred first. The
cells were discharged at 1.8 amperes (13.8ma/sg.cm.) to a voltage,
while discharging, of 1.00 volt. The discharged cell was then
low rate drained at a constant current rate of 0.6A (4.6ma/sg.cm.)
to a voltage, while draining, of 1,00 volt. The cell voltage was
monitored and recorded as a function of time durimg the charge,
discharge and drain portions of the formatiom cycle. The cell
input and output capacities were calculated and recorded. A
summary of the data generated during the performance of the first
formation cycle on 12 ~ampere-~hour cells is given in Tables VIII
through XI.

3.5.3 Following the completion of Formation Cycle Ne. 1,
each vented cell was heat treated for twenty=four (24) hours at
a temperature of 100°C while sealed in a cylindrical steel bomb.
Te minimize the presence of carbon dioxide, the bomb enclosure
was purged with dry nitrogen prior to sealing. The pressure
within the bemk and the temperature in the oven were recorded as a
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TABLE VIII

FORMATION CYCLES DATA
EXPERIMENTAL 12AH SEALED
SILVER-ZINC CELLS,
GROUPS 5 THROUGH 92

TASK III

j
1 CELL £XPERIMENT

FPORMATION CYCLE NO. 1

FORMATION CYCLE NO. 2

LIYPE 12 AN CFL
" : | ¥ 1 i v i
Lor | 3-BISCHAR657170RAIN 1] | voreace | prscearce | piscuamrsz | prain
’E"P.SK‘ - or [CEEL || CHARGE I oureur ‘QUTPUT TOTAL CHARGE [ AT ERD | OuUTPUT PLATEAU - QUTPUT TOTAL
| wo. || ere. | wo. | 1nPUT | =o 1.00v re- 1,00V Y oymeuT | INPUT | OF . TC 1.00V VOLTAGE {70 1.00v] OUTPUT
W Mo, f i 1 i - CHARGE i
§ 1 L if i
| _l () aa) CotAEy Y {AR) {AH) K2 {5t V) {Alt} {AH)
- Yool s.o0 | 7.16 U.68 7.84 1350 | 1.992 | 12.s8 1.423 0.22 12.50
iz | 5 Joo2 8.40 | 6.58 .59 7.17 | 13.50 § 1.994 | 12.45 1.419 0.28 12.73
! go3 | 9.00 } 6.92 g.91 || 7.83 13.50 || 1.988 . 12.55 1.428 0.23 12.78
: A o0da | 9.75 § 8,03 0.48° | s8.51 fi3.50 || risas | 12.52 1.429 0.20 12.72
! 1 : _ % ' 1
I ¢ loor | 13.20° | 10,41 0.40 19.81 | 12.00 2.002 11.63 1.411 .11 11.74
"IdI § 6 o002 13.50 /i 10,58 0.52 11,10 J'12.00 2.003 11,20 1.4390 0.15 11.35
003 |l 13.50 || lo.93 : 019 il.iz [ 12.00 2.001 11.68 1.428 § 0.09 11.77
foos | 13.50 | 1068 0.61 | 1l.29 | 12.00 2.002 11.66 1.433 . 0.12 11,78
oor | s.30 | e.32 0.55 1|, 8.87 11.70 2.001 10.61 1.403 0.586 11.17
r } 7 fooz2 g.30 | 8.3 0.44 1 8.75 12.39 2.002 11.52 1.415 6.47 11.99
003 | 9.30 | 8.29 0.65 B.94 l13.35 | L.999 12.12 1.434 0.50 12.62
! 004 | 9.30 ||| 6.38 0.56 8.4 [f12.35 | 1.999 11.69% 1.417 1.04 12.73
g | : ‘ )
: flooy 9.75 8.54 0.55 9.09 |f Ll.10 1.999 10.55 1.433  { 0,31 10.86
111 8 Jooz 9.45 1 B.22 0.37 8.59 11,10 || 1.999 10.61 1.413 - 0.27 10.68
003 9.45 } 8.11 0.38 8.49 f12.90 || 2.001 12.32 1.398 0.25 12.57
004 9.00 7.77 0. 40 B.17 10.80 | 2.002 10,20 1.419 0.34 10.54
! - .
: i 001 .10 6.40 0.45 6.85 |10.80 2,001 9.90 1.414 0.27 10.17
‘11 9 lloa2 8.10 6.51 0.44 6.95 {11.10 1.999 10:40 1.414 0.25 10.65
I 1003 8.10 6.36 9.47 6.83 10.80 2.000 10.04 1.402 0.30 10.34
| | 1004 8.10 6.35 0,34 6.69 J11.40 2.002 10.69 1.406 0.25 10.94
| :
: i
i |
: |
1| | | |
L




TABLE IX

PORMATION CYCLES DATA
EXPERIMENTAL 12AH SEALED
SILVER-ZINC CELLS, TASK III

& ¥oog
A Jd |{p
d TVNIOnyg

Errry,
& @oy,

T€

GROUP 10
Sheet 1 of 2
§ cELL . ] R
| mypp 12 AN cenns | FORMATION CYCLE NO. 1 FORMATION CYCLE HO. 2
: T.Low 1 DISCHARGE } DRAIN ! VOLTAGE DISCHARGE { DISCHARGE | DRAIN
i TASK§ or | CELL |} GHARGE | oUTPUT OUTPUT | TETAL | CHARGE ] AT FMD ouTPUT | PLNTEAU nuTPUT TOTAL
| no. J 6ep. | HoO. INPUT ™. 1,00V |TO 1,00V] GUTPUT meuT I @F 0 1,00Y & VOLTAGE ITO 1.00v} OUTPUT
: i HO. : 1 § CHARGE :
J;ﬁ. s DL L (AH) ~#L,‘A“’ (AH) {v) {ai) v} {aai) ()
R 1 ! . R . [ B "
11 o | oo 9.60 7.97 0,47 §.29 13,50 2.002 12,37 1.416 n.24 12.61
) ! no2 8. 40 6.58 0.60 7.18 11,10 2.002 10,45 1.491 0,30 19.75
: { ooa 9,60 9.16 0.35 g.51 13.50 1.992 12.33 1.423 6.25 .~ 12.58
! 1t 003 9.60 B.44 0.42 8.86 13.50 1.998 12.26 1.409 0,32 12.58
i ' oos 9.60 B.16 0.38 8.54 13.50 1.994 12.34 1.412 0.33 12.67
] oo | 9.60 B.22 0.29 8.51 13.50 1.999 12.17 1.409 0.4l 12.58
i 4 oo7 ] o9.90 B.35 0.43 8.78 13.50 1.994 12,29 1,417 0.28 12.57
i i} oo | 9.90 8.07 0.71 B.78 13.50 1.998 12.20 L.415 0.31 12.51
i I oos] 9.90 8.11 0.62 | B.73 13,50 2.001 1l.e2 1.421 0.65 12,55
3 T o10d 9.90 8.28 n.40 } B.6B i 13.20 1.99% 11.96 1.414 0.21 12.17
c o1l 9,00 8,31 0.37 { B8.6B . 13,50 1.999 z2.21 1.416 n.27 12,48
. o1z .70 6.91 n.66 | 7.57 - 13.20 2,002 12,40 1.410 0.40 ' 12.80
- 013 5.00 7.63 .28 | 7.91L 12,90 2,001 12.32 1.412 0.28 | 12.60
1 . 014 9.00 7.60 0.33 7.93 12,90 1.999 11.88 1.400 ¢.39 - 12.27
: i 015 ] 9.00 7.65 0.25 ) 7.90 12.90 2,062 12.27 1.429 0.21 ©12.58
.\ 1 ois 9,00 7.62 .37 f 7.99 13.50 2.002 12,73 1.415% 0.4n 13,13
1 é\ 017 7.50 6.20 . 0.45 6.65 13.50 1.997 12,67 1.410 0.32 12.99%
! 4 ois 8.70 7.37 | 0.22 7.59 12.90 2.002 12.18 1.401 0.32 12,59
g I o019 9. 00 7.55 . 0,33 7.88 12.60 2.000 11.98 1.402 0.26 12,24
| 1 o020 9,00 7.38 06.39 | 7.77 12,60 1.999 11.84 1.409 0.39 12.23
‘ | o2 9.00 7.48 . 0.32 i} 7.80 13,20 2.002 12,52 1.411 0.25 12.77
| 022 8,10 6.56 Po.es i} 7.on 13.50 2,001 12.76 1.411 0.29 13.05
i 023 7.80 .30 0.39 6.69 12.90 2.000 11.86 1,403 0.52 12,38
‘ 024 1 .10 6.79 0.29 7.08 33,50 2,000 12.72 1,410 0.27 12,99
T 025 1 e.10 6.63 0.36 6.99 12.90 1,999 12.17 1.410 0.25 12.42
; “026 F 7.80 6.17 n.53 6.70 . 13.50 } 2,001 12,66 1.40s 0.36 13.02
g - 027 | 7.80 6.53 0.23 &.76 - 13,50 | 1.999 12.44 1.386 0.31 12.75
| 028 7.80 6.09 D,45 6.54 - 12,60 1.999 11.55 1.392 0.39 . 11.94
029 7.80 5.95 0.66 6.61 13,20 2,002 12.04 1.387 0.40 i2.44
il o3n 7.80 6.47 6.37 6.84 13,20 1,999 1L.79 1.418 0.29 12,08
| 031 || 7.80 6.56 0.26 6.82 13.50 1.497 12.27 1.395 0.43 12.74
Jo32] 7.80 5,02 0.54 6.46 1n,B0 1,998 10,13 1.387 0.48 - 10,61
0334 7.80 6.34 0.3% 6.73 10.80 2.003 19,22 1.381 0.34 10.56
034 § 7.80 6.29 n. 40 G.69 1n.80 2,003 11,16 1.388 0.33 1n.49
- IIT | 10 035 ] 7.80 6.14 0.57 6.7L 10.80 2,001 10.31 1.407 0.23 10.54
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TABLE IX

FORMATION CYCLES DATA
EXPERIMENTAL 12AH SEALED
SILVER-ZINC CELLS, TASK III

GROUP 10
Sheet 2 of 2
lgggg 12 AR CELLS FORMATION CYCLE No. 1 FORMATION CYCLE NO. 2

ki ' Lo? | : DISCHARGE § DRAIN | | . VOLTAGE DISCHARGE | DISCHARGE | DRAIN
foasx | or JcELL | CHARGE OUTEUT -OUTRUT TOTAL CHARGE AT END QUTPUT PLATEAU OUTPUT TOTAL
‘mo. J eep. ) we. { INeuT | ro 1.00v  TO L.0OV] OQUTPUT INPUT OF ™3 1,00V VOLTAGE {70 1.00v| ouTPyT

: T uo. CHARGE ’ ,

T TR B ) U S 73] W TN TR Y
frrz | 10| a3s | 7.80 6.25 ©0,44 6.69 10.89 2,002 | 10.23 1.412 0.28 10,51
: 1 | o037 7.80 6.30 6.37 6.67 10,80 2.0n3 10,27 - 1.4n02 0.28 10,55
| § 103§ 7.8 | 6.33 0.42 6.75 1n.80 2,000 10, 30 - 1.408 0.26 10.56
i o3s | 7.80 6.37 0.32 | 6.69 10.80 2.0013 10.31 - 1.416 0.24 11.55
! 040 7.80 .18 . 0.4% 6.64 11,89 2,002 19,05 1,384 1 o.40 10.45
;| 04 | 8.40 6.63 © 0,42 7.05 13.20 | 2.nn2 12.11 1.411 0.47 12.58
g | 042 | ®.40 6.46 0.57 7.03 13.20 | 2,002 12,23 1.402 . 0.37 | 12.88
i a3y | e.00 | 6.40 C0.47 6.87 13.20 | 2.003 12,17 1.408 0.45 12.62
044 | 8.40 | 6.76 . 0.40 7.16 11.20 2,001 12,26 1.412 0.2e 12.54
045 9.00 6.49 . 0.46 6.95 13,20 | 2,002 | 12.36 1.416 0.33 12,69
046 | 8.25 6.74 0,44 7.18 13.50 || 1.994 12.60 1.417 0.34 12,94
047 | 8.25 | 6.58 . D.52 7.10 13,50 | 1.992 12.58 ©1.425 0.31 12,89
. 048 | 8.25 7.29 | o.s8 7.87 13.50 | 1.990 12.64 1,429 | 0.24 12.88
. : 049 ] 8.40 6.74 I o0.35 7.29 13.50 1.950 12.64 1.389 n.28 12.92
k| 054 | 8.40 7.14 1 o0.53 7.67 13.20 2.003 12,34 1.385 0.32 12,66
j 051 8.15 7.38 6.53 7.92 12.60 2.0n2 12.01 1.402 0,26 12,27
‘ 052 7.87 5.89 1 o0.81 | s&.70 12,30 1.999 11.71 1.404 1 n0.24 11.95
‘ i n53]  7.87 6.06 0.72 6.78 12,75 1.999 12.13 1.412 0.21 12.33
i 034 8,15 7.27 1.02 8,29 13,20 2.003 12.57 1.405 0.31 12.88
1 | oss ] 7.87 6.51 - 0.24 6.75 : 13.20 2,003 12.51 1.414 0.22 12,73
| - 055 ] 8,70 7.22 Yo0.ad 7.66 13.20 2,001 12.58 1.417 0.23 12,81
: 057 7.87 . 6.16 6.6 6.84 13.20 2.002 12.47 1.411 0.28 12.75
1 058§ 7.80 65.06 1 n.s2 6.57 12,580 1,999 12,17 1 1,413 T 0.24 12.41
‘059t 1.80 6.12 0.50 6.62 13.50 1,098 © 12,79 | 1.416 0.25 13.04
3 | oeo ] 7.87 6.45 0.43 6.B8 13,20 2.000 12,54 1,423 i o.21 12.75
xrx ] 10} o614 .10 6.46 0,51 6.97 13.50 2,003 12.82 1 1.424 0,25 13.07
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FORMATION CYCLES DATA

TABLE X

EXPERIMENTAL 12AH SEALEDR
SILVER-ZINC CELLS, TASK IIT

GROUPS 10A THROUGH 10D

CELL EXPERIMENWAL

TYPE 12 AH caLLsy FORMATION CYCLE NO. 1 FORMATION CYCLE NO, 2
| ror ¢ ‘DISCHARGE | DRAIN VOLTAGE DISCHARGE | DISCHARGE | peazn
T25K §f or [CELL | CHARGE OUTPUT | OUTPUT TOTAL CHARGE AT END OUTPLT PLATEAU ([ OUTPUT TOTAL
so, 1 sRP.Iwno. ) Iwpur | 7TO 1,00V |To 1.00V] OUTRUT J INPUT OF T0 1.00V voLTAGE | To 1.00v] ovTRUT
1 Ho. ; : CHARGE :
|
(AH} i (nH) {AH) (Al {nR) {v) (pH) (V) [§3:3] {PH}
(062 || 9.00 7.11 0.66 7.17 - 13.50 1.990 12.71 1.427 0.34 13.0%
| 063 | 9.00 7.25 0.45 7.70 13.50 2.006 12.79 1.425 0.22 13,01
111 | loa i 064 4 g.00 f 7.27 0.44 7.71 13.50 1.991 12.96 1,427 0.23 13.00
| 063 9.00 f 7.23 0.49 7.72 13.59 1.994 12.75 1.422 0.22 12.97
066 %.00 7.08 0.51 7.59 - 13.50 2.008 12.89 1.424 0.24 13.13
067 ﬂ 8.10 £.55 0.45 7.00 f 13.50 1.992 12.25 1.438 D.54 12.79
~ foss ] B.10 | 6.58 0.47 7.05 i 12,90 2.000 11.65 1.435 0,44 12.09
Irz | 108 | 063 ¥ 8.0 } 6.31 0.58 6.B9 © 12,80 1.998 11.68 1.433 0.40 12.08
i are 8.0 6.46 0.50 €.96 13.50 1,998 12.30 1.433 0.27 12.67
671 g.10 6.52 0.56 7.08 ; 13.50 1.995 12.29 1.411 0.43 12.72
1t |
~072 | 7.80 6..20 0.47 6.87 13.50 1.999 12.77 1.416 0.30 13.907
1 - 073 7. 80 5.98 0.68 6.66 13.50 2.063 12,72 1.418 0.37 13.09
131 | Loe f 074 7.680 5,87 0.68 6.55 13,50 2,004 12.80 1,417 0.29% 13.09
i | 075 7.80 5,93 G.56 6.49 13.50 2.008 12.93 1.412 0.20 13,03
076 || 7T.80 5.73 6.86 6.59 - 13.50 2.007 12.66 1.411 0.32 12.58
077 1.10 5.86 1,03 6.89 £ 13.50 1.992 12.22 1.436 0.42 12.64
1r1 | oo ¢ 078 B.10 6.31 0.63 6.94 | 13.30 1.995 12.30 1.430 0.40 12.70
I o073 B.10 B.11 0.68 6.79 12,90 2.001 11.52 i1.429 0.5 12.03
080 8.10 6.09 0.70 6.73 13.50 1.994 12.32 1.424 0.43 12.75
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TABLE XI

" PORMATION CYCLES DATA
EXPERIMENTAL 12AH SEALED
SILVER-ZINC CELLS, TASK III
CrRoUPS 11 THROUGH 14

Egigé 12 ax cELL55; FORMATION CYGLE NO. 1 ‘ FORMATION CYCLE WO, 2
! b ol N : DISEHARGE ;| DRAIN , | vororgE | prscuarce | piscuarckE | pray
'/TASK || OR |CELL | CHARGE eurryT | ouTpuT | TOTAL | CHARGE | AT END QUTPUT PLATERV ovreur | TOTAL
. No. | cre, |0, wpur | To L.oov Jro 1.00v{ ouTPUT | INPUT | OF TO 1.00V VOLTAGE ™0 1,004 ouTPUY
: wa. | ] _ : : ; CHAKGE
i 18 . . i
] H A B ). . | B .
| | BEEEEN D (amy [ (B () {v) () L) (A {a)
: : I I ; ;
Parr iy foor o} 7.65 © 5,97 0.54 | e6.51 | 12.67 1.999 11.87 1.413 0.32 12.20
) ‘ 002 9.60 6.19 1 0,39 | 6.58 } 13.50 | 2.00n | 12.78 1,424 n,32 | 1110
: ' 003 | 7.65 | £.04 1 o.50 i} 6.51 § 12.30 2,000 11.45 1.414 0.35 11.80
: no4 9.60 | 5,46 | o0.,99 | 6.45 1 13.20 1,993 12,62 1.429 0.31 12,92
oos | 7.65 | 6.21 | 0.44 || 6.65 | 12.60 2.000 11.70 1.420 n.41 12.11
’ i 1 ; 1
CIIT f 12 foor | 9.60 |  6.15 0,41 | .58 | 13.20 2.000 12,67 1,430 0.23 12.90
i 092 {1 9.60 5.68 1 o.47 | 6.15 13.20 2.002 12.54 1.422 D.41 12.95
(003 9.6n | 5.85 . 0.67 | 6.52 . 13.50 2.001 12,85 1.431 0.47 13,32
! ne4 7.65 5.97 0.49 6.46 § 11.17 2.000 10.38 1.395 0,62 11.00
: n95 7.65 | 6.13 | o0.40 6.53 7 11,10 2.000 10.57 : 1.420 0.30 10.87
crrr |13 |nox | 8.32 |  6.00 - 0,90 6.90 | 13.33 2,001 12,54 ' 1.422 - 0.35 | 12.89
i noz2 }og.32 6.03 | 0.84 6,87 [ 13.35 2.000 12.43 1.413 - 0.45 12,88
063 't g,32 6.52 | o.66 | 7.:8 |} 13.50 1.994 12,63 1.424 0,24 12.87
004 8.32 © 66D |l o.59 7.19 | 1l3.s50 1,991 12.70 1.422 o 0.27 12,47
005 8.32 | 6.63 | 0.46 I 7.09 1 13.35 2.000 12.56 1.420 - 0.29 12,85
{ x| 14 Joo1 | 9.60 5.55 | 1.03 6.58 [ 13,50 | 1,996 | 12.78 1.436 0.21 12.99
: ap2 | 9.6n © 6.19 - D.,40 | 6.59 f 13.50 | 2,001 12.76 1.425 - 0.24 13.00
an3 5.60 6.29 0.35 6.64 | 13.50 1.998 12.78 1.422 0.22 13.n0
004 || 9.80 . 6.47 0,25 6.72 F 13.50 | 1.994 12.70 1.445 0.18 12,88
faos 9,60 | 5.66 - 0,93 | 6,59 |} 13.35 2.002 12,60 1.429 0.21 12.81
i |
; ‘ ‘
| |
|
|




function of time during the heat treatment. At the end of the
twenty-four (24) hour period, the oven was turned off and allowed
to return to room temperature. Each cell was removed from the

bomb and the cell vent was thoroughly cleaned of any electrolyte
residue. A molded vent plug was cemented into place in the thread-
ed vent hole.

3.5.4 The sealed cell was given a second formation cy-
cle similar to the first. A summary of the data collected dur-
ing the performance of this second formation cycle is given in
Tables VIIT through XT.

4. Experimental Cell Configurations

4.1 Groups 1 through 4 - 20 Cells

These four (4) groups of five (5) cells each were fabri-
cated using cell cases and covers molded in polysulfone. The
compound used to seal the terminal assemblies into the cell
covers as well as effecting the case-to-cover seal was E-600.

It was noted that after heat treatment in the pressure vessel,
the cell cases showed signs of crazing. Further work on this
cell group was terminated and the cell cases and covers used for
the balance of the cells manufactured in this task were molded
in 30% glass fortified polyphenylene oxide.

4.2 Group 5 (4 Cells)

The specification for the construction variation to bhe
incorperated in the four (4) cells of Group 5 initially c¢alled
for the use of trichloroethylene as the solvent in the prepara-
tion of the asbestos sheet impregnation solution and in the for-
mulation of the ceramic filled slurry. After the difficulties
experienced with this same variation in the 40AH cells of Task
1T, Group 4, the experiment was redefined. The incorporation of
potassium titanate in powdered form in a megative abserber mat
was investigated but, because the KT powder did not lend itself
to continuous process mat fabrication by present methods, this
variation was discontinued. Technical direction was given to
manufacture Group 5 cells using the negative electrode absorber
mat, YIFL-II, manufactured by Yardney, in place of the standard
mat., This variation was similar to that specified for Task II,
Group 6, 40 ampere-hour cells and was accomplished without
incident.

4.3 Group 6 (4 Cells)

The positive electrodes for the cells in Group 6 were
fabricated using the Yardney continuous process rolling mill and
Yardney Type HS Silver Powder. The selection of Type HS powder
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was made by the NASA Project Manager based on the test results
on Task II, Groups 1 and 2 cells. Electrode lzads, four (4)
strands of 0.40mm fine silver wire, were welded directly to the
electrode, two (2} each on either side of the electrode in the
same attachment area.

4.4 Group 7 (4 Cells)

This group of cells utilized positive electrodes in
sealed separator bags which were NOT dip-coated with ceramic
filled slurry.

4.5 Group 8 (4 Cells)

The cells of Group 8 were similar to the cells of Group
7 except that a 0.063mm thick layex of cast film made from the
ceramic filled slurry was interposed between each bagged posi-
tive and negative electrode.

4.6 Group 9 (4 Cells)

The cells of this group contained standard electrodes
in dip=coated separator bags plus a 0.063mm thick layer of cast
film made from ceramic filled slurry interposed between each
bagged positive and negative electrode.

4,7 Group 10 (80 Cells)

The first sixty-one (61) cells of this group were pro-
duced using the cell materials and cell fabrication methods de- .
scribed in detall under Task III, Sections 2 and 3 of this
report. These cells and thé cells of Groups 11 through 14 were
considered the baseline configuration for the 12 ampere-hour

- experimental cells manufactured under Task III of the .contract.

The last nineteen (19) cells of this group were divided into four
(4) sub-groups in order to incorporate additional experimental
design changes.

One construction variation included in the 19 cells
which made up Groups 10A through 10D was a different method of
sealing the cell terminals to the cell cover. The incidence of
leakage at the cell terminals was approximately 10% in the cells
constructed, filled and formed by normal methods. The analysis
of the leakage proklem pointed to an inability of the terminal-
to-~cover seal using Allbond epexy to withstand the 24 hour heat
treatment at 100°C in the pressure vessel, A néw terminal seal
was designed and used which reguired two (2) "O" rings made of
ethylene propylene compound. The 19 cells using the new terminal
seal did not exhibit any leakage prior to being shipped to NASA



Lewis Research Center.

Initial 12 ampere~hour cell testing results from Task IV
activity indicated that the cell performance was being adversely
affected by the snug fit of the cell stack to the cell case and
its influence on electrode and separator wetting. The construc-
tion and processing variations used in these four (4) sub-groups
were the following:

4.7.1 Group l0A (5 Cells)

These cells were fabricated to the baseline con-
figuration and were the control group for this series of experi-
mental cells.

4.7.2 Group 10B (5 Cells)

This group of cells was fabricated to the base-
line configuration except that the heat treatment in the pressure
vessel (bomb) was for a 72 hour period instead of the normal 24
hours.

4.7.3 Group 16C (5 Cells)

The negative electrodes used in the cells of this
group were 2.77mm thick instead of the normal 2.89mm thick. The
amount of negative mix was adjusted to achieve the same density
in the thinner electrode as in the standard thickuess negative
electrode.

4.7.4 Group 10D (4 Cells)

This group of cells was constructed to the Group
10C configuration. During the filling of the cell with electro-
lyte, the vacuum was held for five (5) minutes instead of the
normal 30 seconds. The heat treatment in the pressure vessel
was for a 72 heur period.

4.8 Group 11 through 14 (20 Cells)

The construction and processing of the cells of these
groups was similar to the first 61 cells of Group 10, the base-
line or standard configuration.
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TASK TV - EXPERIMENTAL CELL EVALUATIONS

1. Objective of Task

The objective of this task was to evaluate, through testing,
the relative performance of twelve (12} 40 ampere-hour experimen-
tal cells and twelve (12) 12 ampere-hour experimental cells at a

temperature of 22°cC.

2. 40 Ampere-Hour Cell Testing

The 40 ampere-hour cells selected by the NASA Project Manager
for evaluation im this task are tabulated below:

TASK I, Lot 2, §/N's 069 and 070

TASK II, Group 1, S/N's (G0l and 002
TASK II, Group §/N's 001 and 003
TASK II, Greup 3, S/N's 003 and 004
TASK II, Group 5, S/N's 002 and 003
TASK II, Group 6, S/N's 001 and 004

Ul B
-~

2.1 Performance Characterization Test

Each cell was given four (4) test discharges to deter-
mine cell voltage characteristics at different discharge rates.
In preparation fer each test dischargée, each ¢ell was charged at
a constant current of 1.5 amperes to a voltage, while charging,
of 1.98 - 2.00 volts or until an input capacity of 45.0 ampere-
hours had been achieved. The charged cell was then discharged
at the applicable tegt cyele discharge rate to an end voltage
of 1.00 volt. Following each test discharge, each cell was fur-
ther dlscharged (drained) at a current of 2.0 amperes to an end
veltage of 1.00 velt. The test ¢ycle discharge rates weére:

Test Cycle No. Test Discharge Rate
1 120A {186 ma/sg. ¢m.)
2 86A (124 ma/sqg. cm.)
3 40A (62 ma/sg. cm.)
4 20A (31 ma/sg. cm,)

Cell voltage was monitored and recorded as a function of time
during the charge, discharge and drain portions of each test
cycle. The charge input capacity and the discharge and drain
output capacities were calculated for each test eycle. Tables
XII through XV present a summary of the performance of the twelve
(12) test cells during each of the test cycles.
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TABLE XIT

SUMMARY OF CELL TEST DATA
PERFORMANCE CHARACTERIZATION TEST
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TABLE XIIT

SUMMARY OF CELL TEST DATA
PERFORMANCE CHARACTERIZATION TEXT

40AH SEALED SILVER-ZINC CELLS

TEST CYCLE NO.

2 (802 TO 1.00V)
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TAEBLE XIV

SUMMARY OF CELL TEST DATA
PERFORMANCE CHARACTERIZATION TEST

402H SEALEHD SILVER-ZINC CELLS

TEST CYCLE NO.

3 (40Aa TO 1.00V)
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TABLE XV

SUMMARY OF CELL TEHST DATA
PERFORMANCE CHARACTERIZATION TEST
40AH SEALED SILVER-ZINC CELLS
TEST CYCLE NO. 4 (20A TO 1.00V)
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2.2 Cycle Life Testing {(100% DOD)

Fach cell, upon completion of performance-characteriza-
tion testing, was then cycled continuously on a 100% depth of
discharge regime. This testing was done on the Automatic Cell
Cycler designed, fabricated and used in Phase I of the contract.
The test regime specified by the NASA Project Manager and used
to test these twelve (12) 40 ampere-hour cells was the following:

Charqe ~ Constant current of 2.5 amperes for 18
hours or to 1.98 - 1.99 volts, whichever
occcurred first.

Dlscharge -~ Constant current of 20 amperes for 2 hours
or to 1.20 volts, whichever occurred first.

A comparison of the average output capa01t1es for each
2 cell group during Cycle Life Testing is given in Figure 1. A
comparison of the typical cell voltage curves for each group
during the discharge of Cycle Life Test Cycle 120 is given in
Figure 2.

The Cycle Life Testing of 40 ampere-hour cells was term-
inated in order to conduct Cycle Life Testing on 12 ampere-hour
cells fabricated in Task III. At that point none of the cells
showed any signs of leakage or other physical degradation. The
only cell electrical failure was experienced when the Task II,
Group 2 cell, $/N 003, failed to accept charge in Cycle 137.

The status of the individual cells at the completion of testing
is summarized in Table XVI.

3. 12 Ampere-Hour Cell Testing

The 12 ampere-~hour cells selected by the NASA Project Manager
for evaluation in this task are tabulated below:

TASK III, Group 1ll, 8/N 002
Group 12, S$/N 003 “
Group 5, 8/N's 001l and 004
Group 6, S/N's 001 and 002

Group 7, S/N's 002 and 003
Group 8, 5/N's 001 and 003
Group 9, 8/N's 002 and 004

3. l Performance Chara t_ riz ftlon Test

Each cell was given four (4) test discharges to deter-
mine cell voltage characteristiecs at different discharge rates.
In preparation for each test discharge, each cell was charged at

43



A4

AMPERE-—HOUR CUTEUT

FIGURE 1

PERFORMANCE SUMMARY
100% DOR CYCLE LIFE TESTING
40 AHE SEALED SILVER-ZINC CELLS

i Bz o — : L E ¢ E # D
e TAGE I, LOT 2 NGA0=7  2ONTDOL
D TASH II, GRP 1 ROLLED POSITIVE, H5 FGIDER
kEL of n‘ AEX I, GRF 2 ROLLED POSITIVE, NHC I-"f:'...u’:.l'{
AVERAGE OQUTPUT CAPACITY A e . ot T e
oF ? CELLS DER GROUP TASH IT, GR™ 3 CYLTUDER DIP FC2 IMPTEA.
L : A TASK 11, ORI 5 J-MANIVILLE I'CL INPILG.
3{;"- — O TASK IE, GRP fi YR YTPL=~IT KT MAT
o o
P
I?n
CYCLE LIFE TEST REGIME
Chazge ~ 2,57 ko 1.98-1.92 Volts:
or for 18 hours (45Aal}
oy = | whichever occurs first |
Discharge - 20A to 1.20 Volts :
’ or for 2 hours (40XH} i
: whichever occurs first |}
o '
] 1 B - L L Il [ B 4 L 2 iy .
i) L v T T L ) L T ) L] L § ¥ ¥ 4
10 20 a0 40 50 60 70 BD 30 100 110 120 130

CYCLES




I i
: FIGURE 2 3 L E 6 E N D
t.oe T — _ , . '@ sk I, LoT 2 HS40-7 conmrer
TYPICAL CELL PISCHARGFE VOLTAGE: - : . ——
: CYCLE LIFE TEST CYCLE NO. 120 ![j PASK TI, GRP.1 ROLLED POSITIVE, HS POWDER
' 40 AH S'EALE‘D SILVER-ZINC CELLS TASK ¥I, GRP.2 DMILLED POSITIVE, HC POWDER
'g A yask 1z, Gne.3  CYLLUDLR DIP FCA INMFREG.
A s I1, GRP.5 J-MRUSVILLE FCR IMPREG.
| O rasx TT, oRP.6 YED YIPL-IT KT MeT
1.60 = j
1.50 --
g : A
i
= T
o i
5 |
A :
£ 140
law%
1.20F 4
3 i i + + + + }
g 10 15 " a4 30 15 40

SP

AMPERE~HOURS QUTPUT




9%

Qd ¥00d J0
3 TYNFOTIO

SI HOV

TABLE XVI

SUMMARY OF TEST CELL STATUS
ON COMPLETION OF CYCLE LIFE TESTING

40AH SEALED SILVER-ZINC CELLS
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a constant current of 0.30 amperes for 45 hours or to a voltage
of 1.98 - 2.00 volts, whichever occurred first. The charged
cell was then discharged at the applicable test cycle discharge
rate to a voltage of 1.00 volt. Following each test discharge,
each cell was further discharged (drained) at a current of 0.60
amperes to an end voltage of 1.00 volt. The test cycle dis-
charge rates were:

Test Cycle WNo. Test Discharge Rate
1 18A (140 ma/sqg.cm.)
2 122 ( 93 ma/sg.cm,)
3 6A ( 46 ma/sg.cm.)
4 3A ( 23 ma/sqg.cm.)

Cell voltage was monitored and recorded as a function of time
during the charge, discharge and drain portions of each test
cycle. The charge input capacity and the discharge and drain
output capacities were calculated for each test cycle. Tables
XVII through XX present a summary of the voltage and capacity
characteristics of the twelve (12) test cells during each of the
test cycles. As noted on Table XVII, the discharge current rate
for Test Cycle No. 1 on Group II ecell S/N 002 was 16A (124 ma/
sg.cm.). Also noted is the test discharge cuteff voltage for
Group 9 cell S/N 004 which was 0.90 volts.

3.2 Cycle Life Testing (100% DOD)

Upon completion of Performance Characterization Tests,
each cell was cycled continuously on a 100% depth of discharge
régime. This testing was done on the Automatic Cell Cycler
equipment used to test the 40 ampere-hour cells. The test re-
gime selected by the NASA Project Manager to test the 12 ampere-
hour ¢ells was the following:

Charge - Constant current of 1.05 amperes for 11.5
hours or to 2.0l - 2.02 volts, whichever
occurred first.

Discharge - Constant current of 6.0 amperes for 2.0
hours or to 1.00 volt, whichever occurred
first. -

To accomplish this lower rate testing, new panel ammeters were
calibrated and installed in the Automatic Cell Cycler and the
charge and discharge currents were established by adjusting the
program input to the power supply in the test equipment. Some
time during these adjustments, the discharge current meter was
unknowingly damaged. As a result, the indicated discharge cur-
rent of 6.0 amperes was actually 12 amperes. This condition was
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TABLE XVIT

SUMMARY OF CELL TEST DATA
PERFORMANCE CHARACTERIZATION TLEST
EXPERIMENTAL 12AH SEALED SILVER-ZINC CELLS
TEST CYCLE NO. 1 (18A TO 1.00V)

: . OUTPUT
i CHARGE ' CELL VORTAGE AT INTERVALS DURING TPEST DISCHARGE TEST ¥OST ’
. ¥ LOT 1 DIS- TEST TOTRL
' 'I‘A'SK] OR ] CELL} .INPUT -+ - . - - < CHARGE DRAIN
O i GSP- o (STARD § 1AH | 2aH 3aH B han f san ] 6aH | 7an § Bam | oan fioan ] 11AH |i2aH . _
- 2. . : F g - -
: (al) b (vl 1 (V) v} § (Vi F (V) (v (v) (V) (V) (N (v v (v} (AH) {28} {AH)
§ f oo | 12.30 fo0.88 [0.97 41.03 [1.06 f1.06 [-—- f——on [ | === [ === [~ { =mmm | === 4.87 7.16 | 12.03
P11 ) 5 T T ‘ T
| ' 004 | 12.00 fo.90 |o.98 1.04 |1.06 §1.06 { - }-um |- fo—m- F——- rowmmm | = | == ] 4.84 7.56 | 12.30
F ' _- 1 f —
; : oo1 | 1x.1o {1.1x6 J1.05 }1.05 {1.05 jr.00 - {—mmm | omen ] - | === === e | === | 4.00 | 6.34 | 1l0.34
I § 6 - . - T : -
| 1 ooz 11,10 j1.16 J1.06 [1.05 }1.04 [1.00 |--—= B L P S Tl [ RS R | 6.39 110.39
| R i ,
o002 { 11.40 {lo.89 |1.00 |1.03 |1.05 {1.08 [1.00 |—-um |memm | =mom [ —mom foeem b emmm | ——mn | 5058 5.49 | 11.70
I | 7 ; T T ‘ v
1 i T o003} 11.40 fo.92 fo.96 {1.0t {r.04 {1.07 |21.07 J1.07 |=nmwe | o= | = f=mmm } -=== | -] 7.60 | 3.38 }10.96
, 001 ] 12.00 fo.85 fo.98 {1.03 f1.05 {1.08 {2.05 [1.02 |—mmm | ceem | ommn [ o | - www-] 6.55 | s5.04 |11.59
11zl s . : j ;
| 003 | 12.00 lo.78 }o.94 Jo.98 J1.00 f1.02 |- | oo fommm fooem | me== | == | ==} -] 4.80 6.68 (11,46
| 002 12.00 fo.79 [0.90 j0.98 [1.00 fuemm fomme Jomon | omen { e e | =] === ] === 3.85 | 7.24 [l0.99
It § s - ¥ '
= 604 | 12.00 f0.75 Jo.49 [o.95 |o.08 |o.93 | wore 1ye o | = { e | = | == [ -} 4.30 | 7.00 |12.30
| 11} ooz 13.50 flo.96 f1.00 [1.04 Ja.08 J1.20 1,09 [ 05 J1.01] mromy 2)em fomoo fomem feeen b 7,44 5,66 { 13.10
- Irr’ -
12 § 003 | 13.s50 [o.90 Jo.o7 J1.02 f1.06 J1.07 2.0 {100 i8] 1,02 ~uum Jomend e f—mem | B.4S 4.73 {13.19
NOTES:

(L} Dlischarge Cutoff Voltage -~ 0,90 Volts

(2) Test Bischarge Rate -- 16 anptres
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EXPERTIMENTAL 12AH

TABLE XVIII

SUMMARY OF CELL TEST DATA
PERFORMANCE CHARACTERIZATION TEST

TEST CYCLE NO.

SEALED SILVER-ZINC CELLS
2 (122 7O 1.00V)

T T
1 . 1 1 OUTPUT
| LOT . - CHARGE CELL VOLTAGE AT INTERVALS DURING TEST DISCHARGE TEST PrST
TAsk { OR feEnt | DIS- TEST TOTAL
(GRE, | - INPUT - : . CHARGE {Dpanrn
NO. § Wo. | HO. sTART | 1an R eam | 3ax | ban ser bogan F ot ga 1 oanm Jaoam faian [ azan
(AN} (v} () (v (v) § (v) ptvy B (v vy (v) {vi | {w") {v) {v) {AE) {al) (AH)
: . _ . . ‘
; ooli 13.50 | 1.20 1.15 fl.ld 1.17 {1.19 f1.10 .17 §1.26 [r.2 112 fee= Jommm | === | 9.33 2.87 Yla2.80
IIT 5 & T + : ; -
KL } 13.50 ] 1.23f1.15 f1.14 ‘1,17 l1.19 {219 |1.15 fr.xa Jroro Ja.09 po-- {--== | ===} 9.73 3,47 | 13.20
i i ; : . ’
f ool f 11070 | 1.3701.19 3i.15 1.6 l1.1s fa.iq qroez fr.io o fo——- b |- F-————] 7.53 3.24 | 10.79
III 6 - + ' -+
002 | 11,70 [ai.35fi.19 51.14 1.34 |1.14 §1.12 §1.20 $1.03 |-=-= === === fmomm f -] 7.20 3.60 |lo.80
0oz f 13.50 | 1.24fp.20 |1.22 Ja.p4 Ju.ae fa.a7 froaz fia7 froavojiiie §1.o9 f-—— | -1 lo.s55 ] 2.63 |13.1s
11T 7 . L ‘ ] ] b 1 i
063 | 13.50 § 1.12§3.09 (1.13 f1.16 |1.18 f1.20 [r.21 [1i.2} 1.20 }2.29 §1.15 femem f-—== | 20,80 | 2.31 J13.11
: ool § 13.20 51.1313.10- 1.12 21.35 Ja.is Ja.17 {1.16 |1.126 [L.:3 Ji.06 |---—- |~ J=-—- 9.42 1 3.42 |12.84
ix § & - : :
003 | 12,18 {r.0efi.o7 frioo fa.nr Jraas fias pas Jier |---- |- cmme foeee = | 7077 | 3,39 (11016
ooz | 13.20 | 1.121.06 fr.09 [1.12 {1.13 Ji.10 [t.09 1.02 k.02 femo- fem-m fommm fe—ee B.25 | 4.65 ]12.%0
111 3 ¢ : T
: oed § 12.80 fi.n7f.06 [r.o6 [1.r0 |r.iz J1.13 Pode |r.os }--—- fe--- feeem fo—- - 7.51 F 4.88 |1z.37
] : e ; .
11 fooz | 13.s0 Jr.aafi.io fi.oo Jaaz Jaiis fr.is g fi.az feoao fi.06 fe--- fo-o- |- 5.42 | 3.84 |13.26
11T | ; 2 ‘ ;
12 _3003 Foaase Jroaof.or foos Jriz ho1s fr.as jr.1s Ti.14 {23 hhoe Joso f-~-- J-—— | 10.00 ]| 3.30 J13.30
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TEST CYCLE NO. 3

TABLE XIX

SUMMARY OF CELL TEST DATA
PERFORMANCE CHARACTERIZATION TEST
EXPERIMENTAL 12AH SEALED SILVER-ZINC CELLS

(6A TO 1.00V)

k : : OUTE
I ror ‘CHARGE | . - T
/TASK | OR ] CELL; ' CELL VOLTAGE AT INTERVALS DURING TEST DISCHARGE TEST posT |
GRP. | neum DIS- TEST TOTAL
NO. Ho. | No. ! ¥ " - - . - CHARGE | DRATH
I : 1 i ISTART { 1AK 28K ] 38H hax SaH | 6éan | TAH Bay OnH | 10AH | 13AH | 12AH )
{AH) tvi Bvy vy o ) N AT IS AR R A WA v) | am (AH) (RH)
1 5 001% 13,24 1.45 §11.29 11,27 11,29 1.305 1.310 |1.3211.30fr.28 fr.23 b1 | ———~{ ~-—-| 10.48 2,68 13.14
II d Sl y — '
| 004413.35 }1.48 ['1.33 [1.28 f1.22 [1.30; 1.30 131|129 fr.26 fr20 ) -——=p -~ | ~--~] 9.83 |3.23 J13.12
" po1l1r.70 f1.39 J1l.s0 |1.42 $1.27 fr.27 |r.271.25 f1.2 ). —— )|~~~} -—]| 8.42 | 2.863 . 11.05
1131 6 e : :
002 | 11,40 1.58 [1.42 J1.42 }1.25 jl.28° 1.27‘51.26 1.24 §1.21 | =rmmm i} m=== | === ] ———— 8,591 2.43 511.34
002 | 13.35 J1.43 J1.28 |1.26 |2.27 Ja.28 fr.28 Ji.27fa.27 .25 |20 006 ] ~eo- ] -~~~} 10.38 | 2.85 13.23
"IXI 7 ; ; 1
‘ 003 {12.60 §1.42:}1.26 |1.26 J1.27 j1.29 J1.29 J1.29 1.2 {zx.27 |1.22})1.06| |- L10.74 }1.64 12.33
001 §y12.90 1.42 J1.26 y1.25 |1.27 1.23‘ 1,28 #1.28)1.27]1.24}1.i6§1.02] ==~ | ——-—-]10.24 2,45 12.5%
11T | . 1 ;
' 003 ] 12,560 .37 11.24 11,24 11.26 |1.27 jl.27 1.27f1.27|1.25|1.21§1.03f -—--« | ==-=} 10.70 1.638 1z.3B
; || poz|13.50 1.44 J1.29 T1.23f1.2¢4 Yr.2s f1.26 Ja.2s 124122 f1.29p2.02f «omm| ~———{10.27 [3.00 13.27
IIT 9 f " + 1
004 J 13.50 1.42 |1.28 {1.22 1.22 |1.23 f1.23 §1.21 81.19 J1.16 J1.09 ¢ ——==) ===} -~~~ 9,358 3.86 13.21
S11 o002 313.35 1.45 11,29 13,25 1,27 g1.28 |.1.29 J1.2903.29]1.27 1.25 .l.lB - —} 10.67 2.57 13.23
111 ¥ o ‘ d :
112 : 003 § 13.35 1.41: 1.27 b1.26 | 1.28 f2.30 §1.3) fr.31 1.3y 130 f1.28§L1.22Q .02 —-}11.18 2,06 13.24
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THST CYCLE NO.

TABLE ' XX

SUMMARY OF CELL TEST DATA
_ PERFORMANCE CHARACTERIZATION TEST
EXPERIMENTAL 12AH SEALED SILVER-ZINC CELLS

4 (3a TO 1.00V)

: _ ouUTPUT
fror retaree | CELL VOLTAGE A? INTERVALS DURING TEST DISCHARGE -zEsr | rosw
TASK Ggg Gahn'frnpum 1 : DIS- TEST TOTAL
ve. tuo. §ne. L srarr | 1ai | o2 § ane | ban §ooan Bean | 7ax J ean Jooan i Lane Jioaw JOMARGE | DRATH
i \ | thal (v (v 3 oo g v) f iv) (v) (v} (V) {v] (V) | (Vi (v e [al} [hil}
1 i — 4. . 1 j f . . J
: | foor 1260 fa.622.a0 2.6 237 238138 f1.38)2.38]1.36f1.3292.23}1.23 | ~-—]11.22 |1.05 1,27
ITI 5 —— 2 g - g -
1 [ood f23.20 |assgiarfraeleaefr.os]asefrsa)1i.sefra7fr.asf1.24fp07 [~ 11,95 | 0.96 J12.91
[ . ‘ - | :
! loor J12.15 Ja.sajr.eafr.so|1.aefr.asfr.3efu.37 36 f2.3a)2.a1raasfa.o7 | ———] 11,22 | 2.63 | 1l.85
IFT | 6 - it s ‘i
| : b 1] .
! ‘go2 | 11.85 1.70|1.64 f1.59f1.41f1.30§1.38}1.37§1.3511.33:{1.20} ——~-fe-=n j--——1] 9.4 }2.34 ]11.50
ooz {1290 f1.61 fr.a1}r.ss jasnfrssfrsefrsefaagfassfran]aeafsay J--—-J11.52 [ 1.07 f12.59
111 7 - - - : | g | - ‘ -
‘ 1 ] I | . .
003 J12.60 |1.59 132 j1.37§1.371.3701.38 1.3 f1.97 4132 Jv.26 1204200 | -———f11.17 J0.80 |11.97
1 | Il ro L '
1 ooi |12.60 Ja1.s57{1.36 J1.a5f1.36 j1.37]1.37 137136234 fr 281,170 |-~} 10.79 J2.28 ]|11.98
I zzz B - ; : _ ' :
| {o03 Ja1.55 f1.53 f1.35 |1.35 11.36 f1.36 |1.3771.37 1.3t 120 r.2afria0 e | -—-F10.27 Jo.83 |11.00
1 — - :
ooz | 12.00 f1.s9{1.37%1.3392.33 11,34 | 2.3 §1.35 §1,34 fra2frer {3 | --—] lo.21 |2.27 }12.38
x| 9 : - :
T Jooa lai2ire Jir.s8 [1.37 r.33 |1.32 f1.30 | r.22 | eeifomne | === 9.60 | 2.77 |12.4s
| ! : ] "
: 111 4§ ooz |12.60 [f1.61 J1.41 1.37 f1.37 | 1.35 fr3o | 1.4 e f--—i] 10,73 f1.49 §12.22
118 | ; = - ; )
g1z Joos fri.mo 1.s7 fu.37 faasfr.a7 §1.3041.38 §2.39 J1.38 |0.35 41,25 1o a6 oo feee—f 10032 f 1.1 fri.4s
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discovered during periodic calibration of the meter and was rec-
tified immediately.

At one point during the Cycle Life Test program, the
cells were removed from the Automatic Cell Cyclexr and given a
formation/conditioning cycle. The sequence of operations fol-
lowed in performing this fcrmation/conditioning cycle and the
results of each operation in the sequence are given in Table XXI.

Table XXII contains a summary of the performance of
each cell during the Cycle Life Testing sequence. The summary
is divided into three (3) sections and gives the performance
both before and after the formation/conditioning cycles and the
change from the 12 ampere (lC) to the 6 ampere (C/2) discharge
rate.

The Cycle Life Testing was terminated at the end of the
Periedé of Performance of the caontract. Two (2} of the cells had
experienced cell case rupture due to a randem equipment malfunc-
tion which allowed the cells to be discharged to a point where
cell veltage was a negative value., Cnly one (1) of the other
ten (10) cells {(Group 7 cell S/N 003) failed in that it would
not accept charge during Cycle No. 89,
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g ) TABLE XXT
e
gj%a FORMATEON/CONDITIONING CYCLES DATA
%\fg EXPERIMENTAL 12AH SEALED
E‘ ol SILVER~ZINC CELLS
e
JzEST
leoousac
G REMOVED FROM OPEN DISCHARGE DRAIN CHARGE DISCHARGE PRAIN TOTAL
R ) AUTOHATIC CELL ‘CIRCULT ourPUY AT |ouTeur aT| ToOTAL | INPUT AT QUTPUT AT | OUTRUT AT CYCLE
o] CELL CYCLEP AFTER VOLTAGE 1.8a 10 | 0.6A TO | ouwpur 0.3A TO 1.8A TO . 0.6A TO QUTRUT
u T - " 1.00v | .00V 2,00 V L.00 V ' 1.00 v
P NO. I . ; :
CYCLE . FUNCTION ] I
NO. ‘ T
. 4 {CHARGE/DISCHG) |, (V] (Al {AlE) (RH) (RH} (rH} ) tAH) {RH)
001 40 DISCHARGE 1.598 1.12 0.85 1.97 1%.70 11.06 : 0.B6 1i.92
g . ] ! ‘ ! 4
| 1T
i 034 10 DISCHALGD 1.598 2.95 1.1 F .06 11.70 © 11,11 0.80 11,91
041 40 nIseranern 1.60% 5.17 7.74 5.93 12,45 10.45 0,22 1,23
|l s - g " *
1l H
|8 Du2 LI | [isCHARGE 1.596 5.38 0.44 5,92 12.45 11.73 6.15 11.88
E 032 43 DISCHFRAE 1.583 31.27 1,33 q.40 11.40 10.56 1,22 11.73
: 7
no3 54 DISCHARGE 1.597 3.41 1.85 5.26 12.45 11.51 1,24 12.73
6 051 40 CHAGE 1.435 6.53 0.8 7.34 11.5% 11.00 0.93 11.33
i 003 43 DISCHAPOL 1,579 3.36 .92 4.28 11.55 10,78 1.00 11,73
; —
g . po2 24 CHARGE 1,857 7.37 0.92 8.30 12.45 11.80 0.94 12,74
1 004 1 B1ECHLDGE 1,597 3.30 0.61 1.81 13,59 12.5%0 n.35 131.45
i R
T 11 naa 4a DISCHARNYE 1.597 4.95 0.56 5.51 12,45 12,36 0.0 12.7%
12 003 40 DISCHADGE 1,597 3.73 0.§2 4,55 11.440 10.98 0.72 11.70

€9
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TABLE XXIT

SUMMARY OF CYCLE LIFE TESTING

EXPERIMENTAL 12AH SEALED
SILVER-ZINC CELLS

{ TEST sEquEncE

s |} TEST CYCLES AT 1C RATE TEST CYCLES AT 1C RATE. TEST CYCLES AT €/2 RATE
R | ¢ : : v - - .
o | 1§ MAXTMUN  f MININUM | MAYIHUN MINTMUM : 1 mMaxziem MINTHUM TOTAL
u L i} uo. [capacity  JoapaciTy " No. fCAPACTTY CAPACTTY . vO. | CABRCITY  JCARACITY
P L | oF T.. 1 T F ] oF Y g " i ] oF o F : i ' TEST NOTES
mEST Jourrur [SYCJorreur [CYCY S TEST faureur {CXCE ourpur JCYC T TFST § qurruT [CYC] ourpur JCYEL :
HNE. 10, leye, JHOLE o, :‘_‘;'= cye., | .. . NO. . NG, cYe. ‘ N0, : 0] CYCLES
1 GUIIE RCD) IMETVI NESY | Eif { ey el e (e) o 1 om L) e 2
001 § 40 4.9 3| 3.7 a0 | £1 15 3.4 1| 2.0 Jas{ 5l 44 8,2 23| 6.3 16 ¢g (1)
| . . L. R . 8 1 | N i L.
5 o - - i b - o
604 | 40 §.7 34 2.2 40 f EF 10 3,9 1f 2.3 0] B] 54 7.0 15 4.7 54 | 104
: : e A ; Bk ot
sor } 4o 3.9 3] 1.4 an V2T - - - - - g} se 7.2 11 2.8 58 a8
& F . j § ; o | |
pozi} 26 | 4.0 J 31 1.3 6 01 - - - - - g,' 68 1.2 4 3.1 68 94
| \ | | o '
5 | i : X 1 ] !
noz |43 4.7 Mo} 1.5 43 Ef 11 3.8 i{ 2.0 n | E 49 6.2 12 3.8 49| 193 _
7 J g : . &1 , .
D03 | 54 4.8 1 | 1.4 54 | By - - - - - | g} 3¢ 7.9 tp 5.2 1M BE {2)
; * ] = %]
901 | 4o 5.0 in] 1.5 40 § 5} 14 4.0 1] 1.3 19 Z - 35 5.1 gf 3.3 |35 s
8} : : St — { B et
003 | 43 4.0 1.5 a3 &fF1e | 3.4 )] o1 15 F 2y 37 5.6 1] 4.9 37| 9s
. B ; 1 = -] = :
b on E‘ - 1 N g O n
e02 | 24 1,3 1.0 24 bl - W - - - N T 6.0 12 ] 3.9 40} 48 (1)
il ooa 1 4.0 1 - -1 e - - - - - 82 5.5 3| 1.4 |82 83
11 002 | 40 5.6 6t 1.6 40 15 | 3.8 3l 2.9 Jis{ ] a3 5.6 [16} 3.5 a3 es
12 003l a0 | 5.6 Jiof 1.7 Jao. 13 | 1.2 3 2.1 Jual f ose § ez |aa] 36 a2l o2
NOTLS: :
{l) Equipment Nalfunction - Cell Mzse Rupture
(2) ¥o Charge Acceptance - Cycle 89




CONCLUSIONS

Observations made during the fabrication, experimentation
and testing performed in this program lead to the following con-
clusions relative to sealed silver-zinc rechargeable battery
cells using flexible inorganic separators:

1. The performance of inorganic separators in silver-zinc cells
is effected significantly by the method used to impregnate
(treat) the asbestos substrate with polyphenylene oxide.

2. The drying rate of solvents used in compounding ceramic
filled slurries used in the fabricatioen of inorganic separa-
tors effects the integrity and flexibility of the coatings of
slurry on the substrate.

3. The thickness of the coating of ceramic filled slurry
applied to separator substrates effects the initial performance
of cells using inorganic separators. The use of thicker coat-
ings may require additional scaking time to realize full cell
capacity.

4. A pesitive electrode made by continueus process methods
using carefully selected silver active materials can be incor-
porated in the HS40-7 cell ceonfiguration resulting in improved
capacity maintenance during cycle life.

5. The attachment of conductor leads to positive electrodes
made by continuous process methods can be accomplished effec-
tively by welding leads to either surface of the electrode in
the lead attachment area.

6. The formulation, fabricatien and application of absorber
mats for negative electrodes has a significant effect on the
capacity maintenance and performance of sealed silver-zinc
cells during cyele life.

7. The design of sealed silver-zinc cells using inorganic sep-
arators must relate carefully the desired cell performance to
the physical and electrical characteristics of this type of

cell as typified by the HS40=7 configuration. Particular design
emphasis must be applied to terminal sealing methods, adequate
allowance for cell stack thickness, and sufficient electrode
surface area to meet the current density levels of the partic-
ular cell application.



