T TP T

AD-774 674

EVALUATION OF IMPROVED SEPARATOR
MATERIAL IN LARGE SILVER-ZIND CELLS
FOR USE IN SUBMERSIBLE VEHICLES

Allen Charkey

Energy Research Corporation

Prepared for:

Naval Ship Engineering Center

31 January 1974

DISTRIBUTED BY:

National Technical Infdm_aﬁqn Service

U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




.
reenng

T AR TR I
I

P
e b W e N

L ORI

PRSNGSR IR S

=i

P

4

v
e e vt ronns + Neesonsbiiaciidiana\ it b Ll
i S e i
. o b Do S Bl " b N P e is
PR A 4 s WA 08 A £ nrh) S A 8 € LI et A S A iilaib A
‘P‘-’”-ﬂ! L L

=

proms) gy peen) Pl bl el BEY

M‘ [rovcum |

et B et |

i |

i |
.

?
"3
;‘
A
?

1
i
1

e e g T
. e g e R € . e
e e .

[ ——

Rl 1 R

ENERGY RESEARCH CORPORATION

By 679

EVALUATION OF IMPROVED SEPARATOR MATERIAT 1N

LARGE SILVER-ZINC CELLS FOR USE IN SUBMERSIBLE VEHICLES

FINAL REPORT
1l Aug. 1272 to 31 Jan. 1974

Contract N00024-~73~C~5044

by

allen Shackey

To:
Commander, Naval Ship Engineering Center
Centcr Bullding, Prince George's Center
Hyattsville, Maryland 29872

Code 6157D
fteproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE

U-S Department of Commerce
Springfield VA 22151

SETAUTION SIALEML i
Bpproved for public relaces; |

PP ST e} A
D;stxmuuon_}_fl‘ i‘,,_,ﬁ..,.l

Page No, ‘l'

Saiias. = |

. o, i A S <o YA T

R G




o R Y T T T
!

ENEXGY RESEARCE T0iPORATIO

BEIRE 1’

!
g
I

Mandes l

Sy

P e
'WT""?‘,
]

TABLE OF CONTENTS

Pagé No,

it

gﬁ: 1.0 INTRODUCTION A |

i — |

L s TR sl

2.0 BODY OF TUT RERORT 1
I 2.1 Inorganic Separator Materials 1
2.2 Potassium Titanate Paper Separator 3
2.3 Design Features Common to NR-1 and 4
T Dolphin Cells
. i 2.4 Details of NMR-1 Cell Design 5
- 2.5 Details of Dolphin Cell Design 5
3.0 SHIPMENT OF THE CELLS 7
W A & 3.1 HNR-1 Cells : 7
- o 4 3.2 Dolphin Cells 7
] -
T
E : h-
1
:
E )4
§ 3
ii Page No, io-
A




Tl < s oot

-t

it
v i
URSTVPIN S AR ol s it et phuibsiuig

Yo
.w:

h"ﬁ!&w‘

R A

e

L ,
L o ot

»

L PN

o Mot

. R T L R vl
<. T

N Caahlb a4 e AR A
Ee h’ T . - PR al Yoo
[P B

= OB B

romanes [ oo B s B B - B AR I S

et |

e S S B - ari S v

e Etaiiaie2 v a3 o A

ENERGY RESEANCH CORPORATION

ABSTRACT

Two NR-~1 and 2 Dolphin silver-~zinc cells were fabricated
using inorganic separators supplied by NASA-Lewis, All cells
contained KT paper oi. the negatives. One ﬁolphin cell con-
tained KT manufactured by ERC.

Delays were encounte:.c! in the construction of these
cells because of poor quality inorganic separators and
delays in shipment of uniform materials.

Because of the geometry of the NR~L cell ind the great
thickness of the inorganic separators comparel to cellophane
only 800Ah (nominal capacity) could be desicaed in the avail-
able volume. The Dolphin cell geometry prcvided a greater
latitude for design flexibility and the 4000Ah requirement
could be designed into the existing box.

The NR-1 cells were shipped to NAD Crane for testing
and the Dolphin cells were shipped to '!are Island Naval
Shipyard Valejo, California for testi- j. All cells were

shipped in the dry uniformed conditina.
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- ENERGY RESEARCH CORPORATION.

INTRODUCTION

. The purpose of this program was to fabricate prototype
silver-zinc cells of RR-1 (850Ah) .and Dolphin (4000Ah) siZes
containing inoréanic separatorg: suppliied by NASA-Lewis
Research Cgpgg;::; ) /

These separators had previously been developed under a

-

NASA contract by the Astropower:Divisibﬁ”df"Maﬁghnel~Douglas

Corp. for use in heat-sterilizable silver-zinc cells.

In all, 2 NR-1 and 2 Dclphin cells were built; the

NR-1 cells wexe shipped to NAD=Crahe for testing, and the

“polphin cells were shipped to Mare Island Naval Shipyard

for testing.
“The original six month program extended over 18 months

due to rejectionrgﬁ,separator materials and delays in

receiving improved separators, ..-—— - - -

‘BODY OF THE REPOR™

This final report under contract No. N00024-73~C-5044

~covers the period of performance from 1 Aug, 1972 to 31 Jan.

1974 for the fabrication of large size silver-zinc cells

-containing improved separator matexrials.

Inorxganic Separator Materials

Lo e
The

main separator materials used in both the NR=1 and

Dolphin cells were supplied by NASA-Lewis Research: -Center.

The first lot of 700ft? of material received on- 3 Sept,

1972 designated GFii separator. The material in the dry con-
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dition varied from .016" to ,019" and somefareaé appeared’to-fr

procuit i

o s s e e At A

be uncoated. ]

The material was subjected Lo resistﬁvity;testing by
soaking samples in 42% KOH for 72 hours/foilowed by measuring
resigtance with a General Radio impedance bridge, After a—

72 hour soak period, the resistance was 120~125 milli-ohm~in~?

. which was. considered to be on the "high side'", No change -

in thickness was noted during the soaking pariod.

In .addition, 2 40Ah cells were fabricated with 2 layers
of the GFM material and subjected to a rapid cycling regimen
to determine the preliminary characteristics of the separator
material.

ihe cells were cycled at a charge rate of 2A to 2.10volts
and discharged at 10A to 1.25 volts. Afte§?45—cycles one cell
shorted and was dissected, It was found that zinc had

penetrated the negative separator bag through to the positive

plate. Zinc dendrites weré noted in several areas through

the separator material.

with Mr. A. Himy of Naval Ship Engineering Center and it was

Based on these;pogf initial results, a meeting was held

decided to reject this first lot of material and request a
new batch of separator from NASA-Lewis.

Modification P0O0003 was issued on 2 Apr, 1973 to extend
the delivery date of the cells to 30 June 1973. A second
shipment of separator material was received in April 1973 and

it was found to be r~artially unfit for.use. A second

e b e s
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modification P0004 was issued on 22 June 1973 postponing the
delivery of the cells to 31 Aug. 1973, with a provision for
"in plant" storage of the cells until notified by WAVSEC
of destination of shipment.

Inspection of the second lot of material showed that
the first 5 yards were not coated. Thickness of the accept-
able materials was .015"-,017" and resistivity me corements
showed that the electrical resistance was lqwered to .090~-.095

milli-ohm~in~ 2.

Potassium Titanate Paper Separator

The pctassium titanate (KT) separator was purchased
from Mead Technical papers and designated LPM-174-67, It is
not pureKT but contains 20% Fiberfrax which 2s a hydrated
aluminum oxide binder, The material had a thickness of .012"
and did not expand when scaked with 42% KOH,

Three of the four cells fabricated contained the Mead
KT paper. The last cell (Dolphin) contained KT separator
fabricated by ERC. It contained KT and Teflon but did not con-
tain Fiberfrax and was ,010" thick in the finished state.
Mead discontinued the manufacture of KT paper which‘necessitated
the fabrication -of our own material for the final Dolphin

cell.

Page No. 3
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Design Fcatuvres Comuwon to He-1 and Dolphin Cells

E . u The positiv. plates were made of sintered silver powder
at a density of J.%3/cc on 5Ag5~-4/0 expanded s.ilver metal.
The negative plaies were made from z wix containing 95.5%
Zno, 2% Hg0, and 2.5% Teflon., The d:nsity of the plate

. (as zinc metal) was 2.0g/cc and the retio of theoretical

Bl

B Ah 2n0 to theoreiiv.l Ah Ag wac 1.3:1.0. The negative
E [ plates were made by pressing two rolled strips of Zn0 mix
1 - onto either side of an upset silver (Distex) expanded
1 | ; metal followed by a layer of KT paper on each face,

. The separator system consisted of one layer of GFM

i

inorganic material (as a bag) on the positive and one layer

of GFM inorganic separator {as a bag) on the XKT/negative

it

composite,

L |

The sevarator bags were formed cround the electrodes

by joining two individual pieces of matzrial on either side

f o———

of a central ABS plastic "U" shaped border 3/1/6" in width.

The ABS material was about .080" thick to accommodate the

Fy— |

KT/negative composite and about .035" thick for the positive

- ———

plate. It was found that an Epibond type epoxy formed an

excellent bond between the ABS "U" frames and the inoxganic

PR |

separators. These bags were formed in place around the

electrodes to minimize handling of the separator material.
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2.4 Details of NR-1 Cell Design

The NR-1 cells contained 22 positives plates, 21 full
negative plates and 2 half end plates, The dimensions of
the electrodes were 12.25" in height, 4.00" in width ané
.033" thick for the positive plates and ,058" foxr the full
negative plates (.0G30" for the half plates).

The total weight of silwver in each cell was 2800g and the
total weight of zinc oxide was also 2800g, The nominal
capacity based on a silver utilization of 3.5g/Ah was 800ah.

Because of the relative bulkiness of the fnorganic and
KT separators the required capacity of 850Ah could not be
designed into the existing volume.

The NR=1 cases were hand fabricated from 3/1l6™ thick
polysulfone material and the overall cell dimensions were

somewhat larger than the specifications because of the thicker

plastic material which was employed.

2.5 Details of Dolphin Cell Design

The Dolphin cells contained 48 positive plates,'47 full
negative plates and 2 half end plates, The dimensions of the
electrodes were 13.47"in height, 8.56" in width and .032"
thick for the positives plates and .056" for the full
negative plates (.029" for the_half plates).

The total weight of silver in each cell was 14,0009 and

the total weight of 2zinc oxide was also 14,000g. The nominal
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capacity based on a silver utilization of 3.5g/Ah was 4000Ah.
Since the volume available in this cell was slightly greater
than for the NR-1l cell (e -en taking into account room for

cooling panels and firewalls) the capacity requirement could

be met.

The cell cases, covers and terminal hardware used éon-
sisted of re~worked parts supplied by NAVSHIPS and were
manufactured by Mead and Cell No. 2 contained KT separators
made by ERC.

g The cells met the spacial requirements and weighed

rynﬁ = 1281bs. in the dry condition.
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SHIPMENT OF TUE CELLS

NR~1 Cells

The NR~1 cells were shipped to NAD Crane, Indiana in the

dry uniformed condition along with £illing and formation pro-

ceedures.

Dolphin Cells

The Dolphin cells were shipped to Mare Island Naval Ship-

yard, .vValejo, California, in +the dry uniformed condition along

with filling and formation pProceedures.
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