2000 NASA Aerospace Battery
Workshop

Recent Developments in Silver/Zinc
Rechargeable Cell Studies

Harlan L. Lewis
NAVSEA Crane

14-16 November 2000




Recent Developments In Silver/Zinc
Rechargeable Cell Studies

Introduction - History of cellophane and sausage
casing model cell studies.

o_u_mofm Reduce number of layers of separation on
ode while maintaining cell performance.

| - Five cell sets of thirteen cells each.
e and five wet life. Periodic cell removal
rformance analysis.
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Cell Separation Configurations;

Set 1 — Reference standard set - six layer of 1-mil untreated Flexel clear
cellophane provided by Yardney Technical Products (YTP), cathode wrap.

Set 2 — Reference standard set - six layers of 1-mil Flexel cellophane silver-treated
(C-19) by YTP, cathode wrap.

Set 11 — Double layer SC set — one layer of 1-mil tubular SC followed by one layer

-mil PVA, followed by two layers of 2.3-mil SC from split SC tubing, cathode

r SC set — one layer of 1-mil tubular SC followed by one layer
ed by one layer of 2.3-mil SC from split SC tubing, cathode
mmed with cell case plastic to provide constant internal stack

t — three layers of 1-mil Flexel cellophane silver-treated (C-
rap, plus three layers anode wrap. (The anodes were
sonfiguration to seal the bottom of the anodes.)
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Results and Discussion
Discharge capacity comparisons
Silver migration comparisons
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Separation Composition Study - Cycle Life
Flexel Clear x6 vs. YTP C-19x6 w 45% KOH

g yoles vs Bet 1 Avg AR CL
o Cydles vs Bet 2 Avg A CL

Cycle life data
show approx.

Set 1 - Flexel cellophane, clear
Set 2 - Flexel cellophans, silver-tregied

0 20 40




Recent Developments In Silver/Zinc
Rechargeable Cell Studies

All but one of
the clear Flexel
wet life cells
shorted out by
the tenth

Separation Composition Study - Wet Life
Flexel Clear x6 vs. YTP C-19x6 w 45% KOH

g Months vs Set 1 Avg Ah WL
e Months vs Set 2 Avg A WL

Set 1 - Flexei cellophane, clear

Set 2 - Flexel cellophane, silver-treated

0 2 4 &
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Separation Composition Study - Cycle Life
YTP C-19 Standard Wrap vs. Split Wrap

| g Cycles ve Bel 2 Ayg Ah CL
oo Oyclesve Bet 13 Avg A C

Cycle life data
show a significant
performance

el 2 - Flexel cellophane, silver-treated, standand m@%mam
Set 13 - Plexel cellophane, m,mﬂm?ﬁmmwma spiit cathode and anode %«mm
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Wet life data
also show a

Separation Composition Study - Wet Life
Y1P C-19 Standard Wrap vs. Split Wrap

i WCTRNS va Set 2 Avg Al WA
e Months vs Bet 13 Avg Ah W

Set 2 - Flexel cellophane, silver tregted. standard cathode wrap
Set 13 - Flexel celiophane, silver-reated, split cathode and anode wrap

0 2 4 5 5 10 12
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~ Separation Composition Study - Cycle Life |
. Standard Wrap Celiophanes, Clear and Silver-Treated
Combined v_oﬂm vs. Split Wrap Silver-Treated Cellophane

for mﬁ____” wrap vs. : i Cyeies va Set 1 Avg Ah CL
: i Byoles vs Set 2 Avg Al CL

Uo.ﬂ—d m.ﬂ m:a m—aQ e o o Lyclesvs Set 13 Avg AR O

wraps in cycle life.
The split wra

Ampere-hours

= 15 1 - Clear Flexel celiophane, standard wrap .
el 2 - Bllver-reaied Flexel celloghane, standard weap he
Set 13 - Bllver-lregted Flexel cellophane, spilt wrap

o 20 46 80
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Separation Composition Study - Wet Life
- mmﬁ.\_ n.m__m shorted Standard Wrap Cellophanes, Clear wmﬁm Silver-Treated
out _umm_s—.::m at the 6th o8 vs. Split Wrap Silver-Treated Cellophane |
month, while no cells in  |EE—_ o~ o gt
mmﬂm N m—.—ﬂ— Aw m:o:ma m.n » o g Months vs Set 13 Avg Ah W |
all, so the discharge

capacity averages do

2 . 8et 1 - Clear Flexel cellophane, standand gwmu
el 2 - Silver-lreated Flaxel . standard wrap

Set 13 - Silver reated Flexsl cellophans, split wrap

o z 4 m &8
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Cycle life data for
the two SC
oo::m:a:o:m

&

Separation Composition Study - Cycle Life
YTP C-19 vs. Viskase Sausage Casing

B 4 Set 11 - Viskase 1.75-mil sausage casi ing, double layer

i@i Cycles va Get 2 Avg Ah CL
o Cyrlesva Set 1] Avg AR C
e DyOlEE VB Bat 12 Avg AR O

Sel 2 - Flexel cellophane, silver-ireated

Set 12 - Viskase 1.75-mil sausage casing, single mwmu,

o 20 40 60
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Separation Composition Study - Wet Life
YTP C-19 vs. Viskase Sausage Casing

% Months vs Set 2 Aug Ah WL
: ﬁamﬁm W5 &mm 11 ﬁﬁw E@ W

Wet life data

indicate that single
layer SC performed

dver-treated
Ausage casing, double layer
Set 12 - ﬁmm@mm 4 ww; | sausage casing, single layer

o 2 4 B 8
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Silver migration in
cycle life cells was
identical for clear

_Separation Composition Study - Cycle Life
Flexel Clear x6 vs. YTP C-19x6 w 45% KOH

Uycles va Bet 1 Ag

Sel 1 - Unireated YTP callophane
Sel 2 - Silver-freated YTP cellophane

20 40 80
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_ Separation Composition Study - Wet Life
Flexel Clear x6 vs. YTP C-19x6 w 45% KOH

| e WONHHS v8 Sat 2 - Ag
wine Months vs Set 1 - Ag

Silver migration in wet
life cells occurred at a
much lower rate for

Set 1 Untreated YTP cellophane
Set 2 - Gilver-reated YTP cellophane

& 8 16 12
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~_Separation Composition Study Cycle Life
Y 1P C-19 Standard vs. Split Wrap w 45% KOH

i Cycies ve Set 2 Ag
o Cycles vs Set 13 Ag

Silver migration
for split wrap
similar to

Set 2 - Slandard wrap, 6 lavers on cathode
Set 13 - Split wrap, 3 lavers each on anode and cathode

S % ¥

20 40 60 80
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Silver migration in
split wrap cells
occurred at a much
greater rate than

_Separation Composition Study - Wet Life
YTP C-19 Standard vs. Split Wrap w 45% KOH

i WTNE ve Bet 2 - Ag
o Months ves Set 13- Ag

Set 2 Standard wrap, 6 lavers on cathode
Set 132 - Bplit wrap, 3 layers each on anode and cathode

I

8 3 10 12 14
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' Separation Composition Study - Cycle Life
>=:o:m= it dppears YTP C-18 vs. Viskase Sausage Casing w PVA

that the single SC 45% KOH

4 Lyoies va Set 2 Ay

layer cells have a 57 | © Cycless Set11 Ag
. , o yCles v Bet 12 Ag

much higher silver

migration rate than

Set2 - YTP C-19x6
Sek 1 PN Bx?
Set 12 - PR+ S0

]

40 80
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As in the cycle life

data, here also the

layer-by- layer data

show that all the

silver in the SC cells
as stopped b

Separation Composition Study - Wet life
YTP C-198 vs. Viskase Sausage Casing w PVA

45% KOH

—@— Months vs Set 2 - Ag
oo Months vs Set 11 - Ag
e Wlonths ve Sel 12 - Ag

Set2 -YTP C-16x8
Set 11 - PWART + 502
Set 12 - PVAXT + 501

8 10 12
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Conclusions
Clear vs. Silver-Treated Cellophane
Split wrap vs. “Standard” Wrap

2llophane vs. Sausage Casing
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Recommendations

Use silver-treated cellophane instead of clear
cellophane

onsider use of sausage casing with PVA

following configuration:

il (tubular) SC/1-mil PVA film/2.3-mil plain or
fiber-reinforced SC tubular
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