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Abstract
Contract No. Da28 OU3 AMC 02135(E)
Bal386/PRC-25 units, made with rubber hydrochloride cell wrap, rolled
tin plated steecl moisture barriersg welded to anode and 'Mylar" poly=ster
film between the cell wrap and moisture barrier to protect the cell wrap
from degradation by the tin, failed 100% after storage for one month at 160°F.
Bali386/PRC-25 units and flat cell versions of the By section of the
BA-4270/U with Dow Chemical Comp;ny Experimental Plastic Film FZ2000.21
as cell wrap and rolled tin plated steel moisture barriers failed 100% after
storage for one month at 160°F.
Bah386/PRC-25 units made with rubber hydrochloride cell wrap and copper
foil moisture barrier welded to anode had 14.6% run in excess of 40 hours
after storage for one month at 160°F.

Pwenty-four (24) cell B, unite of the Bai270/U, made with flat cells

1
using rubber hydrochloride cell wrap and copper moisture barriers welded

to ancde, discharged with 6/7 of the normal B load, had T1% run in excess
of 40 hou:rs after storage for one month at 160°F.

The principal failure of magne.. ‘m bromide batteries has been the degree
of corrosion of the magresium anode on the contact side that progresses under
the cell wrap seal and increases the resistance of the contact or destroys
the contact. It has been concluded that the presence of air is causing the
anode to be attacked on the contact (non-reactive) side to an excessive

degree and that the anode in a flat cell needs complete proisction on the

non-reactive side.
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Magnesium perchlorate cathode material seems to intensify the action
on the non-reactive side of the anode and there is a strong suggestion that
the rubber hydrochloride cell wrap is being degraded by the oxidizing
nature of the perchlorate at 160°F. causing leakage and the destruction of
the batteries stored at 160°F.

Publications, Lectures, Reports and Conferences

Publications: None
Reports: None
Lectures: Ncne
Conferences:

1. 1 August 1967, outlined progress to date
Held at Burgess Battery, Freeport, Illinois.
Donald B. Wood, David Linden, John Hovendon,

and Ed Chapman of the U. 8. Army Electronics

and objectives.
Attended by
William Shorr,

Command, Joseph

J. Coleman, Milton Wilke, Terry Messing, and Lloyd W. Eaton

of Burgess.

2.

Held at ECOM, Fort Monmouth, New Jersey.

9 November 1967, outlined progress to date and objectives.

Attended by

John J. Murphy, Donald B. Wood of the U. S. Army Electronics

Command and Howard J. Strauss and Lloyd W. Eaton of Burgess.




CELL AND BATTERY CONSTRUCTION

The three approaches to the breakdown of the rubber hydrochloride cell
wrap material noted in the Technical Report ECOM 02135-U4 were as follows:

1. Use a polyester film insert between the rolled tin plated
steel foll moisture barrier to physically separate the cell wrap from the
tin.

2. Replace the rubber hydrochloride cell wrap with Dow Experimental
film PZ 2000.2]1 using rolled tin plated steel foil moisture barrier.

3. Replace the rolled tin plated steel foil with copper foil.

The construction of the cell in approach No. 1 is as shown in Fig. I,
page A-8, of the appendix, and described in detail in Technical Reports
BCOM 02135-3 and -4. The rolled tin plated steel moisture barr :r was
spot velded to the magnesium anode. The polyester insert is noted as
Itom 11 and is sealed to the cell wrap and molsture barrier by hot melt
rings. Three one haif A, sections of the Bal386/PRC-2- and twenty-one
full Bak3B6/PRC-°5 vaits sera made, stored one month at 160°F and dis-
charged with the resuits roled in Table #1, page A-1 of the appendix.

A 100% failure occurred wit% lrcss of contact to the magnesium the primary
cause of failura, thls lers teing due to corrosion of the arsa of the
veld.

T..e constructlon of the cell in approacn No. 2 18 as shown in Pig. 2,
page A-9 of the appendix, and is also described in detail in Technical
Reports ECOM 02135-3 and -4. Four oze half A, sections of the Bak386/PRC-25
and four flat cell versions of a Bl (6/7) section of the Bak270/U with

the rolled tin plated steel foil moistive barrier spot welded to the
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megnesium anode. 100% of the Bal386 units failed to survive one month
storage at 160°F. One 24 cell B, section of the Bak270/U survived with
51.9 hours discharge capacity to 29.1 volts with a variable coﬁtact within
the unit.

The construction of the cell in approach No. 3 is also a8 shown in
Fig. 2, page A-9 of the appendix. The copver moisture barrier is welded
to the magnesium anode by a five point spot weld. The non-permeable dot
(Item 8) weld protection was omitted as it is not necessary with copper.
The results of Bal386/PRC-25 batteries made in this manner is given in
Table No. 3, page A-U of the appendix. The first ten units employed
an asphslt ring seal between the cell wrap and conductive carbén cloth
(Item b, Fig. 2). The units that survived one month storage at 160°F.
exhibited a capacity of 28 to 32 hours to 19 volt on the A2 section.
Examination of these units showed that the asphelt ring had migrated into
the conductive carbon cathode collector in the contact area increasing
the resistance..

All other units had the asphalt ring replaced with a hot melt ring
that did not affect the conductive carbon material. The capacity increased
to in excess of 55 hours on the successful units. The principal failure
remained a corrosion of the contact area that usually destroyed most of
the weld points and caused increased resistance or open cirecuit,

Twenty-four (24) cell B, units of the Bak270/U battery were made with
the cell construction shown as Fig. 3, page A-10 of appendix. The construction

of the "V" cell is as follows:



Jtem Description
l. Intercell connector Conductive compound that has a binder

that does not affect the cathode
collector (Item 4)

2. Cell wrap Two sheets 0.001" X 3" X 3" rubber
hydrochloride film. Single 15/32"
hole for cathode collector and single
11/32" dia. hole for anode contact.
The holes are centered.

3. Ring Seal Hot melt adhesive

h. Cathode Collector 1" X 1" piece of conductive carbon
Plastic sheet with corners clipped.

5. Cathode Mix Bromide electrolyte per Technical
Reports ECOM 02135-3, and-4. 9 gms
of material per cell.

6. Separator 00 Kraft paper. coated on one side with
Methocel, 1-5/16" X 1-5/16". Methocell
side placed against anode.

7. ¥Non-permeable dot Piiobond

8. Anode Maznesium alloy AZ2l, 1-1/8 X 1-1/8"
X 0.025" with 1/4" R round corners

9. Moisture barrier Copper foil 0.002" X 1-1/8 x 1-1/8"
vith 1/4 R rounded corners spot velded
ai five points to anode in center.

Battery assewbly 24 cells compressed to 5-3/4", wrapped
and heat sealed with mylar-pliofilm
laminate. Battery placed in steel
sleeve vith steel end caps edge velded
to sleeve. Battery sealed by vacuum
wvaxing vith cerese wax.
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The results of these 2L cell B1 sectiong of Bal270/l] batteries stored
one month at 160°F. and discharged to 29.1 volts with a load 6/7 of the
normal B1 section load are given in Table No. 4, page A-6 of the appendix.
The principal difficulty noted in these batteries was again a degree of
corrosion of the anode in the weld area causing increased resistance and
an occasional open circuit. A good percentage had capacities in excess
of 42 hours. A fresh ﬂnit‘has a capacity of 50-55 hours.

Since the welding of the moisture barrier to the magnesium anode
must be done blind with intervening parts in the assembly it is felt that
a large production of these cells would pose considerable difficulty in
manufacture. The "V" cell is, with the exception of the moisture barrier,
remarkably similar in construction to a standard zinc "V" cell manu-
factured by Bursess Battery with existing machinery. As one of the
objectives of this contract was to develop a cell that could be easily
manufactured, the construction was modified so that the cell could be made
by machine and the moisture barrier added to the finished cell as a
separate operation. Fig. 4, page A-11 of the appendix shows this design
change. The contact between the moisture barrier and magnesium anode
is a conductive compound that is not limited in its properties as is the
intercell material on the conductive cathode collector. It is essential,
however, that the cell with the moisture barrier attached be flat as
possible. This was accomplished by using a meltable medium and applying
heat and pressure to the contact point after attachment of tﬁe barrier
to make it flat. The conductive material completely covers the anode cell
vrap opening essentially closing the aréﬁ to moisture penetration from

outside the cell.
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The discharge results obtained with this construction after storage
for one month at 160° F. are shown in Table #5, page A-T of the appendix.
Exemination of these discharged units again showed a degree of corrosion
in the contact area that caused an increase in resistance and an occasional
open circuit. The capacities, compared to a fresh unit 50-55 hours are

quite good, the variability being caused by the above noted corrosion.

Magnesium Perchlorate

The Bak386/PRC-25 battery that has been the target of this work has
a delay time requirement that cannot be met by a unit employing magnesium
bromide electrolyte cathode mix. A series of twenty Bal3B6/PRC-25 batteries

were made using a cathode mix of the following composition:

Dry Materisal
Chemical Ore 864
Carbon 10%
Barium Chromate 3%

Magnesium Hydroxide 1%
Wetter Composition
Magnesium perchlorate hydrate solution is prepared with a specific
gravity of 1.339 - 1.378.
The wetter composition is:
99.4% Magnesium perchlorate solution
0.6% Lithium chromate solution (30%).
The mix contained 29.7% by weight of this wetter and the "wetness"

adjusted to approximately 70, in sccordance with Technical Repurts
[

ECCM N2135-3 and -4, for extrusion.
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The construction of the cells was as shown in Fig. 2, page A-9 of
appendix modified per Figure 4, page A-11 of the appendix, so that welding
was not necessary. The extra seal ring between the moisture barrier and
cell wrap was omitted.

A 107% failure occurred in these twenty batteries stored one moath
at 160°F. with a destruction sreatly in excess of anything encountered
in the project. Severe corrosion of the anode occurred on the nonsreactive
side, severe perforation of the anodes, corrosion of the internal leads
and shorted cells were found. The cell wrap was found to be ruptured on
a number of cells and cracks in the cell wrap on the cathode side near
the seal area were found. The evidence strongly suggests the oxidizing
character of the magnesium perchlorate wetter deprades the rubber hydro-
chloride film at 160°F. releasing electrolyte which caused the damage.

Battery Sealing

The battery sealing technique noted in Technical Report ECOM 02135-4
had been changed to a bvattery wrap of myvlar-plioiilm laminate, heat sealed,
and the canned battery vacuum waxed with cerese wax. The cerese wax does
not melt at 160%. and remains in the battery. The moisture seal, as
evident in some of the modified flat cell versions of the By section ot
Bal279/U units described, appears to be guite mood. However, in fresh
batteries discharged at a rate that will evolve hydrogen gas at an
appreciable rate, the wax seal does not pass the gas at a sufficient rate
to prevent the gas, trapped between the cell stack and wax, from expanding
the can. This expansion sometimes causes 1oss of contact in the battery

[ Y
until pressure is relieved. The can of the modified Bl sections of the
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Bal270/U is distorted and the seam placed under considermble stress. This
gas entrapment during discharge on batteries stored one month at 160°F.
is very ruch reduced probably due to rearrangement of wax by ‘cold flow"
under these conditions.

Vented batteries, as expected, do not exhibit this characteristic.
However, a vent design able to remain open when the canned unit is vacuum
waxed has not been devised yet.

Battery Cans

The cans for the Bah386/FRC—25 batteries using seamed covers 2.010 inch
thick, and edge welded covers 0.220 inches thick have not contained the
discharge expansion of the cells satisfactorily. The expansion is normal
to the anode surface of the cell and the 3-5/8 can side dimension is too
long to provide sufficient strength to prevent this expansion from being
transferred to the sides of the can causing the seam edge or welded edge
t0 bend outward exceeding the specification limit. The cup of the cell
stack cover is indeed reversed by this force transfer. The incorporation
of compressible members such as 1/4" thick balsa wood or 1/4" thick
sponge rubber proved to be futile.

The discharge expansion in the modified Bl sections of a Bal270/u
with edge welded covers has not been a problem. The 1-1/8" X 1-1/8" cross
gection seems sufficient to withstand the pressure transfer to the can

sides without distortion. Trouble with seamed covers is not anticzipated.
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CONCLUSIONS

The following conclusions have been drawn from the work:

1. Tne corrosion in the anode contact area is caused by moisture
cetting into the space. The moisture source had been assumed to be
external to the cell and all effort had been directed to its exclusion.

The persistence of this corrosion required a reappraisal. Careful exam-
ination of cells witi. magnesium bromide electrolyte stored one month at
100°F. showed that the unprotecteu non-reactive side of the anode (contact
side) undergoes a surface corrosion and passivates. This surface corrosion
however, proceeds under the sealing hot melt ring and eventually provides

a porous path for moisture from within the cell to get to the contact area.
Future cells will have the entire area of the nan-reactive side of the
anode around the contact area completely protected vy either a hot melt
coating or nonpermeable paint coating with a hot melt sealing ring between
the paint and cell wrap.

2. The rolled tin rlated steel moisture barrier provides a poor
contact with the magnesium anode. This includes the spot welding technique
and the use of a conductive compound. Copper foil will be the material
of choice for the remainder of the contract.

3. Vacuum waxing of the batteries with cerese wax is an effective
moisture barrier. A vent will be needed to release gas formed on discharge
that does not plug with wax when sealing operation is performea.

L. The design of the Ba4306/PRC-25 battery can needs review with
respect to the strength of the 3-5/8 side dimension to resist the discharge

expansion force of the cells. Evidence indicates that the 3-5/8' dinmension
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is too long and is not rigid enough to resist bending outward and allow-
ing tie cup of the cover to be reversed. The possibility of sectional-
izing the battery itself into two or even four sections to redistribute
the force should be considered. The 1-1/8" X 1-1/8" "V" size cell batteries
do not appear to cause expansion trouble.

5. Magnesium perchlorate mix apparently degrades rubber hydrochloride,
allowing the release of electrolyte into the battery to cause shorting
and corrosion. The cell wrap material of future perchlorate units will be
Dovw's PZ2000.21 film entirely or PZ22000.21 film bottom anode section and
polyethylene coated paper top or cathode collector section.

6. The 1-1/8 X 1-1,8 "V" size cell produces a battery that shows con-
siderable promise of surviving physically a month at l60°F and producing
a capacity on discharge that probably will be close 1o fresh capacity

without the disruptive expansion of the discharge products.
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Proposed Work

The following objectives are proposed for the next six month period:

1. Verify the theory that the contact area protection from moisture
requires complete protection of the non-active side of megnesii i anode.

2. Determine the most effective material for providing the ccrrosion
protection of the non-reactive side of the magnesivm anode.

3. Verify the supposed destructive effect of perchlorate on rubber
hydrochloride cell wrap.

L. Qualify P22002.21 (Dow) film as a cell wrap material for perchlorate
mix cells.

5. Qualify polyethylene coated paper as a cell wrap material for
perchlorate mix cells.

6. Test seamed cans for the 1-1/8" X 1-1/8" size batteries, as full
Bl sections of the Bah270/U, for containment of the cell expansion.

7. Devise a wax proof gas leak device for 1-1/8" X 1-1/8" size
battery to reiieve the hydrogen gas, produced on discharge, that is contained
by the sealing in a fresh battery .

8. Test methods of redistributing expansion forces in the Ba-4386
flat cell battery to allow containment of the battery within the design
limits.

9. Assuming perchlorate battery cell wrap probleme are overcome and
a surviving battery can be made, determine the delay characteristics of
voltage build-up.

10. Test batteries stored at 145°F.
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A=1

Table #1
Rubber hydrochloride cell wrap and rolled tin plated steel moisture
barriers velded to magnesium anode. Cell vrap protected from tin of
moisture barrier by sheet of "Mylar" polyester film between the cell wrap
and moisture barrier.
Hours capacity Ap to 10.0/9.0 volt; A3 to 2.12 volt

Storage period at 160°r.

Unit 1 Vk. 2 Vks. 3 Wks. 1.
Size Ap A, A, A,
Bak386 4, 0/9 1.5/1.6 0.9/1.3 o/o
Bak386 o/o
Bak386 ---- -ees ---- o/o
Bak386 ---- ---- --=- 0/o
Bak386 - ———- ———- 0/6.2
Bak3686 A, ———- 31.0/7k.3 ——-- o/o
3k386 A2 -—-- 15.3/63.k - o/o
Bak386 ———— ——- ———— 0/0
Bak386 -—-- ——-- “——- 0/0
Bak386 -—-- -—-- ——-- 0/0
Bak386 -——- -—-- ———- 0.5/1.8
Bak386 -—-- -—-- ---- 0/0
Bak386 ---- ---- ——- 0/0
Bak386 —--- —--- ~—-- o/o
Bak386 ---- ---- ---- 0/0
Bak386 -—-- -—-- ———- 0/0

o O O o




Unit
Size

Bak386
Bak386
Bak386
Bak386
Bak386
Bak386
Bak386
Bak386

1 wk.

A=2

Table #1 Cont'd

2 Wks.

A

3 VWks.

-

-waa
—o--
m—m--
-——--
swoa
cw e
XY Y

0/0
0/0
o/o
o/o
0/0
0/o
o/o

0/0

lm.

o

o

o O O O o
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Table §2
Dov Chemical Company Experimental Plastic Film FZ2000.21 as cell

vrap vith rolled tin plated steel foil velded to magnesium anode as moisture

barrier.
Unit Hours Capacity to end vQltage efter
8ize Storage at 160°F.
2 Vks. 3 Wks. 1 Mon.
A; A; Ao A
1/2 Bak386 A, ---- o/o 0/0 ----
1/2 Bak386 A, -———- ———- 0/0 ———
1/2 Bak386 A, .- -——- 0/0 ——--
1/2 Bah386 A, -—-- ———- 0/0 —ee-
6/7 By of Bak270/U k9.8 - 1.3
6/7 B, of Bak270/u ——-- ———- 1.9
6/7 B, of Bah270/U ---- ---- 51.9 variable contact
6/7 By of Bak270/U S ——-- 0




Table #3
Rubber hydrochloride cell wrap vith copper foil vealded to magnesium
anode as moisture barrier. Bah386 and 1/2 Bak386 units vith 10.0/9.0 volt
Ay end points and 2.12 volt Aj end point.

Hours capaciiy to end vo&;.ago after
Storage at 160°F.

Unit 2 k. 1 Mo.

8ize A, A, A
1/2 mh386A2 55.7/81.2 39.5/67.2 ———-
Bah386 ——-- 0/0 0
Bak386 16.5/33.9 0
Bak386 0/o Lk.8
Bah386 .e-- 32.2/58.6 62.7
Bak386 ———- 0/0 23.7
Bak386 ---- 32.0/55.7 3k.9
Bak386 ——ae o/o 0
Bak386 ———— 28.0/55.7 k.0
Ba k386 ——-- 0/0 0
Bak386 ———-- 19.0/2k.0 25.0
Bak386 0/o 168 +
Bak386 --ee 0/0 168 +
Bab386 “——- kk.1/65.3 17.6
Bak 386 .—-- 59 1/82.8 92.h4
Bak386 ---- 5.7/13.7 0
Bak386 —.-- 1.0/7.3 0
Bak386 55.0/75.0 93.0

Pak386 58.0/78.8 58.3
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Table #2 Cont.

Unit Bize 2 ¥k, 1 Mon.

A, A
Bali386 o/o 0
Bak386 -—-- o/o 0
Bak386 o/o 0
Bak386 -e-- o/o 0
Bak386 ———- 0/0 0
Bak386 ——-- 0/0 0
Bak386 ——-- 25.7/kk.7 0
Bak386 ———- 0/0 0
Bak386 ---- 0/o0 0
Bah386 -—-- 8.6/22.7 95.7
Bak386 ——— 55.0/7k.3 T2.0
Bak386 .—-- 67.3/80.4 58.7
Beh386 -—— 8.1/19.5 95.7
Bak386 ———- o/o c
Bak386 ——-- 0/ 0
Bak 386 ———- o/o 0

Bak386 ——— 0/0 0




\
L6
A

Table #h
Rubber hydrochloride c2ll wrap with copper foil welded to magnesium
anode as moisture barrier. 6/7 of B, unit of BakzT0/U. Exd point 29.1 volts.

Hours capacity after one month storage at 160°F

Unit No. Capacity Unit No. Capacity
1 ho. b 15 b5.6
2 h3.5 16 4.8
3 0 17# 36.5
b 0 18" 4.2
5 52.3 19% 0
6 %9.5 20" 0
T h7.7 2l k9.2
8 0 22 48.2
9 47.1 23 k8.1

10 52.4 2k 0.3
11 k7.5 25 3.1
12 0 26 k2.7
13 k.5 27 1.7
1k k9.3 28 k6.0

¥ These units constituted an experiment in weld protection that failed and

are not included in the per centsge noted in text.
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Table #5
Rubber hydrochloride cell wrap with copper foil moisture barrier.
Electrical contact between magnesium anode and copper barrier through a
conductive compound. 6/7 of B_ unit of Bak270/U. End point 29.1 volts

1
Hours capacity after one month storage at 160°F

Unit No. Capacity Unit No. Capacity
1 k2.1 T 48.6
2 39.9 8 0
3 50.3 9 2.3
it k6.3 10 k6.0
5 k6.9 1 51.0

6 36.5 12 0
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MAGNESTUM "F" WAFER CELL
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Magnesium "V" Wafer Cell
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Magnesium "V" Wafer Cell
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ccll needs ccrplete protection ca the non-reactive side. ) :

Mosmesiun perchlorate cathode material secrs to intensify the action on the non~
reactive side of the anode end there is a stronz suggestion that the rubber hydroch?---
ride ccll wrzp is being degrzded by the oxidizing nature of the perchlorate at 1€0° e
ccusing 1raxage and the destruction of the batteries stored at 160°F,
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