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ABSTRACT

The AIR I  lead c hl o r i dc  cathod ’ was; eva lua ted  f or  in c i g l i l  h our
sonobuoy b a t t e r y  appl i( ’at  [On . ~i t ~~~i~~ 00 t t i — ~~t ’ 11 bat  t t ’r  u s  F t , S % 1 1  t t~ t ,  l i i  001 ’
f ive to s i x  hours of d i scha rge or ~‘ Ice r~’dc s capable o I nice t ing t ht r r t im
act  iva t ion en t er  i a  in  low L e u t p c r a  t ur , low sa il  n i t y  st’.l w a t t ’r. C at h o d i c
e f f  ic ienc les between 75~ and 95~ were ob ta ined  and no d e te r i or a t  ion  ii
e l e c t r i ca l  pe r fo rmance  was d et e c  I cd .ts a r esul t  of a t en day  huin i d ot
per iod . To ac Ii [eve the  goa l o I igh t  hours  d ischargt ’  i t  I s  r econ tm eud .d
t ha t  A I R  I c at h o d e  be fa hr  ic a t  ed u s ing  an cxpan,~ ed m et a l  r a t h er  t h a n  .i wt vt i~
sc reen .

I ’ t lee  t r o dt ’ .iu e I i l o r t t i ~ dc p.1 nib ~\ IR 1 a et c  eva Inc ,  cii vue d ‘ ~ t r t
U t  i i  t ’ t pour  ~,l imen ter  tine bouce ~u ow;t  i ’)ue p endan t  I i u i  I h e t t i c s .  l . t ’~
p i  i c . ’. de d i x  c c l l i ll t ’s t~u i  sat  i s f : i  ~.i i c n t  des t ’x i gt i s c s  d’ a c t i v a t  ion
r v~t u t  c n u t ’ s t f l  co ud i t  I Otis d c h as  St t emper a  t u re  e t d&’ fa  i ble su I i  n i t t  .1 V en
t in e  d t  l e t ’ UI  l i e  d~’ c i nq ou s i x  l i t t l i s s . I t ’s r endcment  s c a l l u i d  I ip i t s v a t  i . i  cut
c ut  r~ 7 ’) ’  i ‘) et . u i c t i u t ’  d tnt i nn  t ion di i  rendement. t O  ~ Ice  t r i e it e  0 ~~1 ‘ [  t

O ut  i c  i j i r s un st  o c b . t g t  pr i .t I a lt  t d ’ unc dur t ~e de 10 j ours on cond I t I t ’flS
hum j d t  s . At i n  d ‘ •uIgnh&’nt c r 1 a d i i  i t t ’ i i i  ,j (  c harge  j  u s qi t  ‘ t liii t l ie t ir e  S

ro~,t u ;c  di p r t ’p ar e r  I a c at  bode A l  R I  ~\ p a r t  i r d ‘ t an mt t al ex p a i l u t  p1 U t  ~ t tpi ’

I ‘ a id~ d ’ tint ’  gr l i l t ’ t i s s t ’t ’ .

~~~~~~
~ ~ 7
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iNTRODUCTION

BACKGROUND OF LEAD CHLORIDE ELECTRODE DEVELOPMENT

Research and development on lead chloride has been active ly pursued
by DREO since 1969 with the basic objective of replacing silver chloride in
water activated batteries. Coleman reported a technique which consisted of
hot pressing a mixture of lead chloride, powdered lead and graphite. (1,2).

The Atlantic Industrial Research Institute (AIR1) pioneered a
distinctly different method for making a flexible lead chloride cathode.
Theirs was essentially a fusion casting process whereby a mctallic grid was
immersed in molten lead chloride followed by solidification in air. From
1971—1976 DREO sponsored the AIRI work through a series of research and
development contracts on different forms of lead chloride electrode for sea-
water batteries (3). This has culminated in an improved production technology
for making lead chloride cathodes. In the final contract year AIRI was com-
missioned to develop its production equipment and manufacturing techniques
for the fabrication of flexible electrodes at a level needed for full scale
industrial use. The annual Canadian requirement is for a quantity of electrode
material to manufacture twenty—five thousand sonobuoy batteries. AIRI was
asked to produce electrodes capable of eight hours discharge at the typical
sonobuoy battery rate.

The progress achieved by AIRI in the final phase of this work was
reported at the end of the contract (4). A semi—automatic machine process
was developed and proved capable of meeting the specified industrial scale
it production. It was also shown how electrode material having a range of
electrical capacity could be made. This was demonstrated publicly at the AIRI
laboratories 19 February 1976 to representatives from more than twenty Canadian
companies and several government departments. Two patent applications have been
filed on this technology both in Canada and the United States.

SU~~4ARY OF PRLV IOUS STUDY

Through most of the contract period the electrochemical performance
of the AIRI flexible electrode has been studied at DREO. A preliminary eva—
luat Ion of this material for use in sonobuoy batteries was reported recently

UNCLASSIFIED

-~~~~~~~~~~ --- ~~~~ - - V



F’. 
~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ‘ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASS iFIE D

and const i t u te s  th e  f i r s t  part  of the  overa l l  evaluat ion  ~~
‘t )  It was deter-

mined that  the MEl  e lectrode gave el ec t r i cal  pe rformance in excesS of the
spec t t i e a t i e ns  f u r  a three hour ba t t e ry . It  was sho~~ t hat for rap id . t c t i —
vat Ion in low tempera ture  and low sa l i n it y  seawat er  the ma te r i a l  had to  be
care f ul ly selec t ed acco rdin g to the wei ght  c on t en t  (or loading) of lead
i-bl u r ide ’. Spec i t  (cal  ly ,  the loading had to be sufficiently light ane uniform
so tha t. the undetlying copper grid was exposed at tltt ’ electrode surface.
A l though  most o t  t he  s tud y had been done’ using eleven cell Mg/PbC 1 batteries
i t  was cv l de n t  t hat ten cells could adequately meet the output  requirement

u t  10 v o l t s .  Tht ’ fac t that  the electrode Is f lex ible is inc identa l  to  the
sonobuttv b a t t e r y  appl icat ion which  USe’S planar cathodes . An e a r l ier  require-
ment b r  ~i s p i r a l l y wound Mg/PbCl~ ba t t e ry  gave r i se  to the initial Interest
in the  A I R I  process;  however tha t requirement has ~ i~~cc ceased to e x i s t .

OBJ ECTIV ES OF THE PRESENT WORK

This t echnical note is Part II of the evaluat ion of the AIR 1
e lectrod e for i sonobuoy battery application. It addresses the problem of
• I eve l e p i ng  .1 b a t t er y  using the AIRI cathode which can be discharged for up to
ei ght  hours . Some changes in bat tery  design were investigated in order to
dec rease’ in t e r t .e-11 short ing, t he reby increasing overall discharge e f f i c i e n c y .
Par t  U t~ t the stud y has been necessari ly delaye d bec ause it relied on obtain ing
the  t ina l produc t of the process being developed by AIRI.  It should be noted
tha t in the evaluation of the A IRI electrode only the electrical performance
u t  the main battery was investigated . No work was done to test for the effects
ot shock ~~~ vibration or other testing procedures usually carried out by
sonobuoy manufacturers.

EXPER IMENTAL

CRITERIA FOR EVALUAT ING THE AIRI CATHODE

For .ssessing the  e l e c t  r ochem ica l performance of the A IRI lead
i’ h l t t t d t  electrod e the electric. I specification s given for the SSQSI7A so~o—
buoy b. it cerv were used for guidance. Nominally, t h e  battery outpu t is 10.1
volt S wu h upp er  and lower limits of 10.9 volts and 9 . t~ v’ lts , respec t ivelv.
The lengt h of discharge was therefore taken as the t ime after activation when

UNCLASSIFIED
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output  f e l l  to 9.60 vo l t s .  B a t t e r i e s  were d i s c har g e d  in a r t  i t  I c  i.i l s. a w . l t  c i

of concentrations l.5~ and 3.b~ (by wei~’ht  Nail )  at the following temperatures:
00 , 120, 20° and 350 

~~ When tes ted a t  O~ and 350 the ba t t e r ies were f i r s t
brought to therma l equ i l ib r ium overn ight  at  —2 0° and 350, respect i v e l v .
Discha rges we re subsequent ly  t n i t i a t e d  w i t h i n  one or two minutes  ot r emovin g
the batteries from a thermally regulated chamber. For activation the criterion
was the ability of the battery to blow two fuses in the electrical test circuit
which is shown schematic ally in figure 1. The’ efficacy of t h i s  particular test
was described before in Part 1(5). For the present work sixty seconds was
accepted as the time limit for act ivation.

CATHODE MATERIAL

The p rocess developed by AIRI fo r  making the f le x i b l e  ie~i~ ch l o r i d e
electrode is a semi—automatic machine operation. The schematic diagram Is
.‘~i ve ’n  in fi gure 2. A copper screen or gauze i s  fed from a large spoei and
~u i~le ’d through a thermal ly  control led bath conta in ing  molten lead c h l o r i d e .

~. t h e  strip emerges from the melt a deposit of lead chlor ide is forme d h v
s e l  idification in the cooler air above the chamber.  The electrode tap ..’ is then

• f e d  between two water—cooled rollers and may then be taken tip on a spool or cu t
ti e lectrode size by ano ther  opera tion. The amount of lead chlorid e d e p ~~si t e d  on
the  metal substrate is a function ot  sevaral variables of w h i c h  the most important
are : the properties of the metal gr id , the speed o f p a s sage  th roug h th~ molten
~~.i I t  , the rate of cooling, the n a - i t  t emp era ture  and the ang le at vii i cli  the

e r ial  emerges from the me it. I “inic d lately on leaving t he me it the e’l cc t r ode
ma t  i C  is i  is passed through a slit which  serves to prevant  any scum which m •tv
hi - p r esen t  on the surface of the  m e l t  from sticking to the  deposit.

Du r ing  the stages of p rocess devt ’i op Wen t  there ’ was a g rad u a l  impr ovem ent
t h e  quail t v of electrode m at ’ r i a 1 and St vera  1 shipments we re sen t  t o  DREO

for e’lectrochernical evaluation. Towards the end of the contract t he  A I R ~
r .ua ct was in the form of stri is approx iniatelv 60 cm long by 11.5 cm w i d e .

‘as’ last  deli very , made in Ma\’ I’)76, contained some of the best quality ot
el ectrode made by the  process. D i f f e r e n t  S iz e s  of woven copper screen had been

~ -ed during the development of the production machine . A 20 x 20 mesh siz..’
w.s t. ound to yield the best electrode considering the quality of the sur face
•u~d t he  quantity of lead chloride deposited . The last batch of produc t was on
the 20 x 20 mesh and consisted of a large variety of loadings from less than
100 mg cm ’2 to more than 600 mg cm~~ of PbC 12. In general the surface of the
electrode was greyish for the heavier deposit and pink for light coatings .

• The material was flexible , but the deposit could be loosened by cont inually
bending it back and forth. In most of the samples there was good uniformity
of loading, there being less than about five percent variation in lead chloride
content  fo r  the mater ia l  emp loyed in the present study .

For making sonobuoy b at t e r i es  which  must achieve r ap id act i v . i t  io n
in  low- temperature , low salinity seawater only a medium—ligh t elec t rode

UNCLASSIFIED
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coa t ing ~an be used (5) .  For the present study the m ate r i a l  was therefore
chosen in t h e  range of lead chloride content  f rom 140 mg cm~~ to 22k ) mg cm~~~.

The max imum amount of PbCI 2 which  can be loaded onto  the  20 x
gr id  w i thou t  coat ing over the strands at the surface  i s  about 340 mg cm ’ .
Ho~~ ver , due ma inly to meniscus formation , the heaviest deposit w h i c h  can  hi’
obt,i tne’d in  p ra ct i ce  is about 220 mg cm~~ i f coppe r grid is to be ..‘xpos ’d cii
the sur l.1ce .

In the p resent work the elect rode su r face  are.i was r e s t r i c t e d  t o
bi cm , tais being a limitation imposed by the size of the batt~ rv compartmcmt
in the sonobuoy (5) .  Civen this r e s t r a i n t  and the nomina l discharge c h i a r a c —
teristics tor the 10—cell battery there i s  a maximum possible c l e c t r i . ’al
ca p a c It v .~.- pend l ng on elec trode, load ing. Table I I tsts some ex.ur~’l~~s.

TABLE I

i l e ct r ical  Capacity and Expected Discharge rime
fo r  D i f f e r e n t  Loadings of PbC12*

PbCl - ‘ c~n tent  .i f  Elect rical Discharge
elec t rodc (mg cm 2 ) capac ity ~Ah) t ime ( h r . )

100 1.21 3. S2

1.70 4 .94
I S O  2 .19 b .35

2 .43  7.05

2 . o 7 7 .
2.92

tO O 3. b5 10. ~i8

.13 11.99

~ N ’ i ~~: Table 1 assumes 10 e’ell Mg/PbCl 2, 10 volt output
through 29 ohms, each electrode 63 cm and l00’~
discharge efficiency.

t t-.t-~ omes apparent from consideration of the figures iii Table 1
. .iO ti. cat ’:ous restri ctions imposed by the requirements tor successful

c t  I V , t t  ion and i’att..’rv size that the AIRI cathode m a t er i a l  would not. produce
i i .  t t~~bt  he~i i i  h at  t . - r v .  It  w i l l  he showii how naterial with loading greater
t h .u i  .~20 “c cm~~ doe s d iseha ige  fo r more than eight hours w i t h  some s a c r i f i c e
t OC me e t  in ~ r i ; ’ 0. a..’ t iva t ton. Never theless  the results presented here show some

UNCLASSIFIED
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- ‘ i C -m en t over t - c ’s c g tv cii c a t  i i  or in  tha t hi ’ t t er  c.i t ii ~ di i t t. i i t  ~ .i t i ~‘s i.- a
. 4 3  , ievod. I t  W S 1 5  0115 td red i - o i  t hwhi 10 t i  report these r e s u l ts  t C) t ’ii1~ ~et t
t a t - e - l e ct r o e h t’m i c a  e ’V .i h a t  Ion c t t it.. - AIR 1 ~1ect rode .

t. oNSIRPOT iON OF 1 li.•\i ’ i i .R i Id-

i.e set  a o I ten— ce 11 b.i t te r I ..~S i.e i e etn p 1ev cci ; t lie s~ d ii t ci ~d - ‘L iv
ii’ is ci i i ’  e ’ 0 f a:tode materi al . On~’ set o f  o st ha t  t ~‘ r i  e~ ; was made w t I’ t he
~~~~~~ 

~~~~~ io~- A:b 1 (n~ Al • 1 0n~ the o ther  set with AP Il (Y Al , I Zn).
1 s o t i s  t c r es t  t o  e’xaTh inc  h ot  hi a ll ~~~~ 5 h~~’ ius t he v are used i i i  h at  ~~ r ~~s

S -~ Ci u~ i. c ~‘n’~ -rc  i ally av. i i  ab le .  in a l l  ca ses  a 1 . i x g e  cxci’s s 01
W.41 - (1St II 5 3 ’ h . t t It ’ d iseharge  was 11 m~ t ed b y t h -  elect r t c a l  capac v 01 t be

a t

h1  ‘o 1 ,ir - e l U-i i .e CC ’ dS s imbled  ron : magnes I urn a 1 ev an d I cad cii lee 4 Jo
C.i to i~~~l ce -.: to  th~ - same a I ~o: 8. 3 cm wi de ’ by 7. ~ cm h i t  gh; a red ~ 3
The t t i ~ ’ e l 0  aa d  c a t h - ’J~’ wer e  p 1 aced b ack — t c — h a c k  on ..‘ i t her  s ide’ o f a tb tu

t sh ee t mt ’as t r  ing 9.0 cm wi d~’ by 10.2 cm bi gh. P.iss ing t h r ou g h  t be
c - n  I r e  u 1 .h h i ele. t rod . .’ and the p ias t  ic was a br a ss  r i v et  which ;e ’ rved t o
k~ -~ ’ t  I l i e  p v . eS f i :ed in pea i t  ion and a..- ted .es the elect r ic a l  connect  ion

en . d 5 . .~ ’nt CellS. On the cathode  side the rivet was c oa t e d  w i t h  a . t st  —

O r v i  ~ic t ’ O \ ’  cemen- . Sp ac er s  w e r e  glued t o  the anode i~ ~ 5 x S . tr r ai’ . These
I t  ~~~~~~~ p ia sti c chi ps , 0.1 cm thick and about  0 . 2  cm s t ; i 1 . l i e . Ten such

1- p. ’ .t - 
~ were st . tck cd t o  oem t tie t e at  b a t t e r  and ..‘ icc t r i c a l  I t -ads i.e re

.~ l.~~r c d  to t he  I1i .it ive (magnesium .iliev) and 0c’sit~~i’~ ( lead ~-h l o r ~ de) e n i
7 1~ I c  -

P i t t  t u g  t e our so of  t ic wet  ~ i t  bee . m e ’ evident t ha t  gr e - a t  e r pr e—
c ot i ~ - .-es  w e - r ’  r equ  red in . iasemi ’ i ng  t h e  b a t t e r i e s .  The c e l l  s t ack  was
c a re ii iv i.’ ,i ;’pe I i ’ it h  a i-it C 1 p o t insul  at ion t .ipe * equal  in w i d t h  to the
i i  3~~~~ Ut as 01 t h e  b . i t t . .  rv  . l i i  i s  i. is done to n it ’” d c  bet  to r e’ icc t r Le a 1 Insu —

.1 t c - h i d  t hi ’ r e t  o r 3 d e e r  e .msc  the 1 t akage  
~
‘ ,t th t hrough the e l ect  ro 1’. t o  a round

‘ .5 . 3 Z 0  e ’~~ t d e ’ t ’I  ctrodes . T h i s  is  ki’m e~ qi to a f f e c t  th e ’ e f f i c i e n cy  of e’l . - e t r o d e
I L  : ,- .~ 05 ~~ 4 ( ’cj) c’ ing  k f l t e  Ccc ’ 11 shor t ing ( t - ’) . I :aci i  battery was g 4Vt ’fl .1

t na I wr~ op i n g  wit . cm w ide  p 1.ist i c t ap e .  Ft gure 3 shows the c’S sent  i .11
de ’t  .4 I s  ‘f ~

‘
~~‘ 11 cot st rue t t on and bat t o r y  .issemblv (reproduced from reference ‘-4 )

‘ho ‘t ovi3 ..’ a path t or the t low i- f  ..‘I e c t r o l v t e  between c e l l s , holes
• , cii. I m a r ~ -t e r )  ere Jr i 11 cO throug h th ~ p last  ic sheet of each b i p o l a r  cc l  1

Iii a s . r  ‘s of experiments t h..’ arran gement of thes e ’ electrolyte ports was
v a r m e d  i i e i d er  to select an optimum des i~.n for porting consistent with:

‘h i s  conta ’ ns a bituminous su b s t at  cc and is about 0.3 cm t h i c k ,
ommc’nly u e d  for c o v e r in g  hot or co ld  wate r p ipes and r e f r i g e r a t i o n

t a. It has the  t i- adc  name “Pri sst I t e ” .

UN CLA SS 1F IID

4 . A~4



- 
— 

~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘
‘.~~~~~~~~ ‘fl~-

S INCLA :- :- I t  I LI’

0 J 0
‘.
~~~ G) / ~/ ~~-J

:2
~j0 (5~

I . 
- ,sv’-~ s.tx’~’~t’-’~xx ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5)
V
0‘0 .cC -~~~ —0w o  0

—
— — ..  0 •

~~~ i - S
q~ ~~ b. .~~

. 
‘--Ii i 5) 4.) w 0 ‘-4

5) 4) 0+-

‘0 0 
~. ~) 0) 5)

0 Cl 5)c.? — — o’_
• -~~ 

C ~~ ~~~~ .~~~~~~~~C.) >~ U) ~~~L) 0) 7 L)~~~ ~~ Q~ 
(1) 4) ‘

~~~ 
-

~o 
~
.. 200 0

~ \ I I I I4— i) Q_ 0 .  I \. a b I
0 ~~ ‘ _ _ _ _ _ _

! 2 ___________________ 
~~~~~ ~~ 

.1
~~~o. I

0)
— ‘0a.) ~ •-

C0 .
~~~0 ~

— 
~)

0_
o — -

~~~
‘
~

0. 4-
-~~

Vo
‘0 it
C 4

___  I t  .
“t  -‘~—

ri~~iiTi L Ii ~~~mfr 7” .-.- ..~ 4
I

\ r o ~~‘
~ QO “- ..-.---_ ~0~~~~0 ~~~~~ 

-
~~~ 4~~4- 4-moo . ~;o CD

~3 a
C 0

L~i~~

UNCLAS S 1i~lEt)

- ‘



Pr- —• _ ... ._ ‘- 7 i~ ’T”W.Q’W~’Oi’~~~ , ~~~~~~~~~~ ii ~~~~~~
’4,_ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~“ - 

~~~
‘ - ,

UNCLASSIFIED

.a)  rap id f looding of the battery interior when immersed in the ele trolyte ,

(b) adequate flow of electrolyte from cell to cell throughout the battery
to avoid the accumulation of reaction products (i.e. “sludge”, ma inly
Mg(OII)2 produced by corrosion at the anode); and

(c) reducing intercell short ing via the common electrolyte path between
cell s.

Before assembly all cathodes were weighed to permit calculation
of the theoretical capacity b :sed upon the lead chloride content of the cell
having the minimum weight. T~e relevant factor is 0.193 Alt capacity per
gram lead chloride. A typica l ten—cell Mg/PbCl2 battery consisted of the
following amounts of material:

TABLE II

Material Content Typical of 10 Cell Mg/PbC 12 Battery

Percent of
Total Battery

Weight

1. Tue Cathodes

a) t o t a l  weight of 10 eli’ctrodes 229.5 g 55.9%

I) copper content 104.4 g
ii) PbCl2 content 125.1 g

2. The Anodes

a)  total weight of 10, AZ61 electrodes 55.6 g l.i.5Z
(0.05 cm thick)

3. Packaging Materials (including intercell
spacers , plastic sheets in each bipolar
cell , rivets , plastic tap~’, insulation
ta pe). 125.4 g 30.6%

l’otal Battery (without external leads) 410.5 g 100.0%

O u t s i de  dimensions were:

heI ght  10.4 ~ 0.2 cm

wi dth 9.2 t 0.2 cm

thickness 3.5 ~ 0.2 cm

‘INCLASSIFIED
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This battery was designed to fit inside the SSQ517A sonobuoy compartment , a
cylinder 10.2 cm in diameter, but was slightly larger than the permitted
height of 8.9 cm . Future design could be altered to meet the specification,
but a larger battery compartment would probably be allowed for an eight hour
battery . In the present form, for example, the electrodes cleared the
bottom of the battery compartment by 1 cm and were 1.5 cm below the top.
A reduction of overall height could conceivably be made to 8.9 cm without
affecting t l t ’ overall electrical performance.

DISCHARG E PROCEDURE S

The test battery was mounted vertically in a compartment obtained
I tori an AN/SSQSI7A sonobuoy and its negative terminal was grounded to the
aluminum casing. The test circuit of figure 1 was connected and the battery
was then immersed into a thermally controlled electrolyte bath of 92 9. of the
required concentration , 1.5% or 3.6% by weight sodium chloride (reagent grade
salt).

Battery output was monitored continuously on a stripchart recorder ,
Hewlett—Packard , model 7100B, and the time and voltage simultaneously printed
using a Monitor Labs, model 9400 data acquisition unit. For the first two
minutes data were printed at one second intervals, thereafter at five minute
intervals. All me asurements generally were terminated after battery output
f ell below 9 volts.

— Two batteries , one with each of the two different magnesiu n alloys,
were subjected to ten (lays humid storage before discharge in 3.6% seawater
at 12°(.. Th,~ foll owing daily programme of temperature and humidity cycling
was earrieid cut In an environmental chamber (Tenney Engineering Inc., model

H TI! Jr.):

1) 1 hours at 50°C, 95% Rela tive Humidity (Ru),

t li.. n j i )  3 hours cooling from 50°C 1:0 35°C, R.H. not less than 95%,

r t i e n  i i i )  14 hours at 35°C , 95% R .H .

Faclt battery was weighed before and afte r the ten day humid storage period .
Whilt ~ in storage the electrical leads were connected across a 29 ohm
re’; i~;I ance . If the battery were to pick up excess moisture or for some
other reason develop Internal shorts, a significant loss of capacity would
d ’c c I l :  and he detected in the subsequent d ischarge. - 

-
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Rl-~SULTS AND DISCUSS ION

D ISCHARG E EFF IC IENCY OF CATHODE UT lLI ZAT 1ON

It was noted in the results  of Part 1 (5) that  ba t t e r i e s  employ ing
the AIRI cathode yielded only about 70% cathode utilization. However, In
t hat work ne special p recaut ions  were taken to minimize int erce l l  sho r t ing .
It was decided to Improve cath. de u t i l i za t ion  Ia the present study In pa rt
because the electrode material suitable for meeting the demanding activation
requirements was limited in electrical capacity. Although it was obvious
that an eight hour battery was not going to be achieved It was nonetheless
desirable to determine whether the AIRI cathode could be discharged w i t h  high
enough e f f i c i e n c y  to make fur ther  developmental work worthwhile.

To estimate the best possible cathode utilization several Mg/PbC12
cells were discharged . The experiments were done in 1 of 3.6% NaC1 it
24 0 + 2°C us ing a constant load , 2.63 ohm. The theoretical capacity was
calculated from the known weight of PbCl2 In the cathode , assuming high
purity of the active material . The charge obtained from cell discharge
was calculated by integration of voltage—time curves.

Some results typical of these experiments are given in Table III.

TABLE I I I

Constant Load (2.63f~ Discharge of
Mg (AZ6 1)/PbCl 2 in 3.6~ NaCl , 22°—26 °C

TIN E CELL ACCUMULATED PERCENT OF
CHARGE THEORETICAL CAPACITY

(hr) (Volts) (Ah ) (%)
0.08 1.05 0.03 1.3

.1.0 1.06 0.40 15.2

2.0 1.05 -).80 30.4

3.0 1.05 1.20 45.4

4.0 1.04 1.60 60.5

5.0 1.04 2.00 7~ .t’

5.77  1.00 2.28 8 . 4
(Table III continued on page 12)

UNCLASSIFIED t 
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T INE CELL ACCUMULATED PERCENT OF
CHARGE THEORETICAL CAPACITY

(hr) (Volts) (Ah ) 
- 

(%)

5.90 0.96* 2.34 88.6

6.04 0.90 2.39 90.5
— 

6.31 0.87** 2.48 93.9

6.62 0.80 2.58 97.7

6.85 0.40 2.64 100.0

* The appropriate cut—off voltage for 1/10 of a 10—cell battery .

** The appropriate cut—off voltage for 1/1’ of an 11—cell battery .

During most of the discharge the current density for this cathode was about
6.4 mAcuf 2 , which is the rate normally employed for a sonobuoy battery.
These and similar data indicated that essentially all the theoretical
capacity is obtainable from the AIRI cathode. It is therefore fairly certain
that the- active material is of acceptably high purity. Once cell output
beg ins c~ecreasing at a rapid rate (e.g. 0.03 volts/mm ) the data indicate
that about 97% of theoretical capacity has been delivered . However, the
appropriate cut—off voltage (see Table III) occurs somewhat before this,
depending on temperature, salinity and discharge rate. The data in Table III
suggests a reasonable expectation for cathode utilization is In the range
85 to 95%.

-
, In the course of these experiments it was found that impurities

from the water used for preparing electrolyte were responsible for a
significant decrease in cell voltage. Therefore experimental work was done
using distilled water in order to eliminate factors of unknown origin
e~h i c i  mi ght bear on cathode utilization and other results.

Following from the results of cell discharges discussed above other
experime nt s we-re carried out to test the effectiveness of various porting
arrangerien t~. in an attemp t to obtain better utilization of cathode material
in ten— tell batteries. The best design was found to be one in which the
electrolyte enters the battery from the negative end via a port centred at
the bottom and leaves through a similar port at the top corner. This is
shown s hematically in figure 4. Such a design was most effective because:

1. it permitted rapid flooding of all cells,

2. there was less accumulation of sludge,

3. the utilization of cathode material was much better than the 70%
reported earlier (5),

and 4. batteries were easy to assemble.

UNCLASSIFIED 
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4 4 4 ‘4
outlet
gas and
water

+ 4 _ _ _ _

I 4~~~~~7 4 1  /t
,fi Lesludge t POS.

.7 endinlet water neg.
~nd

E~ ;. 4: Port z n j J ~zrra ngernent indicating genera l
pattern fo r  electro lyte f low throug h
ba ttery.
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TEN-C ELL BATYERY PERFORMANCE 
—

A summary of relevant experimental conditions and certain features
of battery discharge are given in Table IV. For a given temperature and
electrolyte composition the results are listed according to the magnesium
alloy. Column four gives th~ time required for activation (i.e. to blow both
fuses). The test battery was immersed in the electrolyte at time t 0. The
discharge time (column five) is the point at which battery output fell below
9.6-) volts. The amount of charge delivered was calculated from the voltage—
time curve by integration. Columr six gives the cathode utilization (as a
per cent) which is the ratio of clarge delivered to theoretical capacity.
The energy density listed in coluiin eight is based on the weight of the
complete battery. Data on energy density are reported only for purposes
of internal comparison between bat teries employing different magnesium
alloys and discharged under diffeient thermal and electrolyte conditions. The
last column gives the theoretical capacity as calculated from the known weight
of the lightest cathode in the ter—cell pack. Variations in theoretical
capacity between batteries were unavoidable and are a consequence of varia-
bility of electrode material available for this evaluation.

The interpretation of tie above results will be discussed in point
form.

(a) Activation:

Less than sixty secords were needed for successful activation
under the most demanding conditions of low temperature, low salinity
and pre—cooled batteries. This factor improved as the experimental
conditions became less severe. This performance is quite acceptable
for a three hour sonobuoy battery ; however activation would be slower
if heavier cathode material capable of eight hours operation were
used . There was little apparent difference in activation depending
on the alloy used for the anode.

(b) Output Vol tage :

The mid—point voltage s listed in Table IV are within the
specifications, however at 00 bat teries made with AZ31 showed
marginal output . This contributed to low cathode utilization
since voltages dropped below 9.70 volts veil before most of
the active cathode materia l had been used . In general the A261
alloy give higher output ‘..oltage than AZ31.

Wk1ASSIFI~~
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TABLE IV

Constant Load Discharge of Ten Cell Mg/PbCl 2 Batte r ies

PUS! DZSCNA KC~. MID-POiNT CAT HODE ENER GY TREI)RETICAI.
lEN? SALINITY ANOD! ()PDI TIN! TO 9.6V VOLTAG E UTILIZATION DENSITY CAPACITY

deg .C R MaC i PtgAI Iov S. h. vo lts 1 Whkg~~ Ah

0~a~ ~.S  AZ61 47 5.33 9.9 82 41 2.25

* I .  ~~~~ b9 1.26 ~ . 1 71 2.64

I . - AZbI 30 5 .35  10.0 96 44 1.93
j *  .~. - AZ.11 .~4 5.0(1 9.6 38 2.5 1

12° 1. - AZ 61 lb b .1 ”  10 . 1 95 2 .30

120 i. - AZ 61 10 b 0 3  10. 1 84 ‘ 2  2 . 5 5

3. A:: .~1 : t~. i .  :-~ :~.

h AZ b I 12 5.8 8 10.0 17 49 2.64

AZ . 51 1~ 
-

20’ I .  • AZ6I 14 t. .OO 1O . 92 2 .37

200 Li AZS1 10 4.27 10.b 92 39 1.70

I~’ *~ 1.5 AZ6I 12 4.95 10.8 86 ~.8 2.14

$~~~** 7 .:  A : $ !  i : - ~~~~ ~~~ 70 44 2.53

AZ61 ~ ~.10 10.8 90 49 2.10

.5 ‘
~~~‘ ~~~~ A . . ~i -~ .3. 5 7 ) . 4 4.3 Z.S9

* B at t e r y  equi l ibr ated at —4 0°C b.(ore disc harge.

** B a t t e r y  .qu ili brated at 35°C be f o re di s ch arge .
a. Avera ge of 3 ex periment ..

b . Av.rag. of 2 •xperi..nta.

c . Dts chargsd aft e r a 10 day humid ator aic .
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(c) Length of Discharge :

Clearly the cathode did not have sufficient capacity for eight
hours of discharge. About twice the lead chloride content would be
required ; rather than 2.2 Ah the theoretical capacity should be
approximately 4 Ah. Some batteries were able to exceed e ight hours ,
but their activation fell below that specified (i.e. 60 seconds)
at low tellpera ture and low salinity. Two examples of this an-
presented below in Table V.

TABLE V

Examples of Eleven—Cell Batteries
Discharged for More than Eight Hours

EXAMPLE 1 EXA}tPLE 2

Theoretica l Capacity (Ah) 4.94 4.98

Cathode Loading (mgcnr 2) 406 410

Electrolyte Temp/Salinity l2°C/3.6%

0 0
Batt ery l emp . Before Discharge 25 C —20 C

Activation Ti~ae (sec.) 6 80

Mid—Point Vo ltage (volts) 10.9 10.2

D ischarge Time (hr) 9.7 9.0

In the two examples quoted above the cathode material was too heavily
loaded to give acceptable activation as exemplified by the long
activation time at 00 in 1.5% solution.

(d) Cathode Utilization :

Good utilization of the ac t ive material depends on minimizing
intercell shorting . By improving the techniqu e of assembling
ba tteries a significant increase in effic iency has been demonstrated
over earlier work (5). The AZ31 anode generally gave lover utilization
because voltage was lower. The results in Table IV are in agreement
with the cell discharge data which indicated about 90% efficiency
could be expected (ef. Table IV , data at 20°C in 3.6% electrolyte).
These results show tha t with good technique for wrapping batteries - 

-

most of the intercell shorting losses can be eliminated .

UNCLASSIFIED
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(e) Energy Density:

Values quoted for energy dens i ty  are relevant only  w i t h i n  the
present study . There is some preference for the use ot AZ61 alloy
due to it s higher voltage cha racte r is t i c . For an e ight ~ hou r bat t v r v ,
where sludge formation might be more prominen t, the AZ31 alloy could
be required . The commercially available, eight—h our lead chloride
battery apparently employs this magnesium alloy (7).

(1) Discharge Af t e r  Humid Storage:

The electrical behaviour of both batteries whic h were subjected
to humid storage cycling for ten days did not appear to he ciltered
signi f icant ly  compared with  other discharge results.  Visual
inspection after the storage period detected no change in physic’~.l
appearance of the batteries. Each one gained 4.7 g In weight during
the  storage, apparently due to absorption of water.

THE PROBLEM OF THE EIGHT hOUR ELECTRODE

It has been determined In this evaluation t h a t  the AIR I elec t rode
mit~-rial in its current state of development is a suitable cathode for sono—
buoy batteries from consith ration of its electrical disc harge performance.
Electrode material which s tisfactorily meets activation requirements cannot
howeve r at hieve the goals ~~et f or an eight- hour battery. Conversely, batteries
which y i e l d  capac i ty  in excess of ei ght hou rs opera t ion  f a l l  to a c t i v a t e
wi th h-~ eptable rap idity In the extremes of low temperature and low s a l i n i t y .

The main rcason that the ALRI electrode has not met the requirement
~~~ e i ~~ht  hours of dischar~-o is because It has not been possible to obta in
he R- v enough .loadir1g of mat o~ i.i 1 on a woven copper sc reen and sti ll sat i.-~ fv
t~~c ~~, -~ -c i f  icat ion f O l  r ap ie  act  iVat  ion. If f u r th e r  development of the AIR!
mtth ~-d i~ an t ic i p atec i t  i~- recommended tha t othe r types of metal substrates
be examined . it has been .- - ug g t - st e d  that  ex pa nded meta l  g r id s  be used instead
o t ) i ’V ( U screen ( 4 ) .  Cxpat ded meta ls  provide more ava i l ab le  volume th an
we v e t i  ~;cr ee n of comparable weight per unit area . They are readi ly  ava i lab le
in~ less -~ ‘stlv than the woven screen. During the last month  of the AIRI
cont act it was demonstratt-d that expanded copper could be used in the AIRI
Iir~e~-ss. Severa l specimen were produced ; however the grids i sed were too
light to be capable of the loading needed for an eight-hour e ectrode . It
Is b~

. Lieved that use of .t .-oarser expanded copper grid would 1-c wholly - -

•id~- .~uc te to prov ide an eight- hour  electrode.

UNCLAS SIFIED 
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SUI*IARY

The initial objective of this work was to evaluate the AIRI flexible
electrode as a suitable cathc-de for an eight—hour sonobuoy battery. In order
to ensure that batteries would activate rapidly in seawater of low salinity
and low temperature only material having lead chloride content of no more
than approximately 220 mg cm 2 could be considered. It was therefore not
possible to attain the eight hours discharge endurance; however ten—cell
batteries performed very well in the five to six hour range at all temperatures
and salinities: 0°c to 35°C and 1.5% to 3.6%, respectively . By improving
the design of electrolyte porting and battery assembly significant increases
were obtained in the overall effic iency of cathode utilization. These
batteries yielded efficiencies between 75% and 95% depending on temperature
and salinity. There was no significant deterioration in performance after
a ten day humid storage.

Experiments were also conducted to examine the performance of the
magnesium alloys AZ61 and AZ31. The electrical behavior of the AZ6I. alloy
was marginally better giving higher voltage and consequently increased
cathode efficiencies in the low temperature tests.

Based on the results of this evaluation it is suggested that
expanded metal should be employed rather than woven screen if the goal of
an eight—hour battery is to be achieved employing the AIRI electrode material.

UNCLASSIFIED 



- - -~~~.--, .-~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
.

UN C LASSIFIED 19

REFERENCES

1. J.R. Coleman, J. Applied Electrochem., 1, 65 (1971).

2. J.R. Coleman, Power Sources 4. Edited by D.H. Collins, Pergamon Press,
1973. Issued as DREO Report No. 668.

3. Government of Canada contracts awarded to the Atlantic Industrial
Research Institute:

PF.CD7090021 (9 September 1971 to 30 June 1972)
PF.7090l52 (1 July 1972 to 31 March 1973)
SR2.7090073 (13 July 1973 to 31 March 1974)
12SW.7090064 (27 May 1974 to 31 March 1975)
13SR.7090424 (1 April l97~- to 31 May 1976)

4. Final Report by At lan t ic  Industrial Research Institute, “Salt Water
Battery Program”, March 31, 1976. Contract No. 13SR.7090424.

5. G.J. Donaldson and J.R. Coleman, “The AIRI Fusion Cast Lead Chloride
Electrode; Part I, DREO Technical Note No. 77—16 (1977).

6. V.8. Thomas, Final Report on Salt Water Batteries, Appendix B, National
Defence Research Committee (U.S.A.), Report 6.l—SR—l069—2128 (1945).

7. Private Communication, F. Malaspina.

UNCLASSIFIED



~~~~~~~~~~~ -~~--— - -- --~~~ ---~~~ - — ~~~~~- .~~-~~-- —-- -- .  - -— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

UNCLASS IFIED
Secu r ,ty CIasu f ,cat ,on

DOCUMENT CONTROL DATA — R & D
cIass ,I,c~ t o n  01 I - t Ie , body ot abstract 8,1(1 nrIe. ng annotal. on must lie entered when the ov eral l docum ent is cIassiI ,-iI,

1 OHIG,N~~ ING A C T I V t T Y  2a. OOCUMEN1 S F C U R I T Y  CLASSIFICATION
UNCLASSIFIED

DREO, t DHQ, Ottawa, Ontario K1A 0Z4 lb. GROUP 
N/A

-.3 DO CU ME ~T T ITL E - — . - - - ----——.--—.-—~~~~ ~~~~~~~~~~ -— 

(I jThe AIRI Fusion Cast Lead Chloride Electrode. Part h a  Evaluation of the
\t.4 

~J Cathode for an Ei~ tt Hour Sonobuoy Battery 1

~~ 

o ePou :nd ucI usve dates ( E 7 T h ’  — ‘7~-- 3]
S AUTHOR ~~~~~~~I-na~~~.h..M — -~-.- pT~~

— — --- \__ 
~~~~~~~~~~~~~~~~~~~ 

- -

~~~~~~ i~~~ 4 George ~~~ a~~~~~~~~~~~ Willinm D.
- —~~- -~~—-- 

13 DOCUMENT DATE la. TOTAL NO. OF PAGES lb NO. OF REFS
FEBRUARY 1978 —1 19 7

OR GRANT NO’. f 4 ç r ~7 
~~

“ J 9a ORIGINATOR S DOCUMENT NUMBER (S)

54—O3—O7 .~~ - I DREO TECHNICAL NOTE NO. 78—3

ri~~r~~~~ .
8b CONTRACT NO. \ I  - 9b. OTHER DOCUMENT NO (S) (Any othe r numbers that may be

- ass igned t h w document )

10 DISTRIBUTION STATEMENT

Unlimi ted Distribut ion
11 SUPPLEMENTARY NOTES 12. SPONSORING ACTIV ITY

DAASE

11 ABSTRACT

The AIRI lead chloride cathode was evaluated for an eight hour sono—
buoy battery application. Tests on ten cell batteries resulted in only five
to six hours of discharge for electrodes capable of meeting the rigorous
activation criteria in low temperature, low salinity seawater. Cathodic
effic iencies between 75% and 95% were obtained and no deterioration in
electrical performance was detected as a result of a ten day humid storage
period . To achieve the goal of eight hours discharge it is reco~~ended that
the AIR I cathode be fabricated using an expanded metal rather than a woven
screen.

I iSIS
1~ ~,,I.

~~ L.

- .~~~ —



-~~~ -~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

UNCLASSIFI~ p -
Secu ,,t ~ C iass , t ,ca t ,ei ’

KEY WORDS 

~1

Seawater Batteries

Lead Chloride

Sonobuoy Battery

INSTRUCTIONS

i)l4 i~~~~NA rING A~ I’. 1.  Ent ,., t he name and address it the 9b. OTHER DOCUMENT NUMB ER(S) II th e il I has I-i-i-il
i-~5afl-~ .ti.~)-r iss....ng the ilm r rnent ass igned any other document numbers (eit her try the o ligi nat o i

or by the sponsor) . a(so enter this number(s)
• la , t t ’ C UM EN’  SECUH I I V  t , LA SSIFICA TIO N Enter the ov e ral l

s.-
~~~

iiIy c~,,s* il.ca i1 IPii document •nclu d rng special warning t O . DISTRIBUTION STA 1EMENT’ Enter any lii ,,i t atiori s 00
‘e rms WisenrvPr applicabti. lurt her disseminat ion of the document . ot l-,ei than those i.:i(ioset I

by security cla s s i ficat ion , us ing standa rd StaIeifl r~flIs such ‘s
lb ~,RGUP F rti-r u’ . ‘ t ~~irc assibira t ion group number . TIie three

.~- -~ os are tI~ i- ” ..I ,, A 1i i,- , iI~~ 1.1 ~ l the ORB Se c u r i ty R egu latiOns ( 1 )  ‘Qualified eguesters may ob t ain copies of t h is
docu ment from their defence doc u ment ati o n cente r , ”

3, Qt ’ tCs )M E’. I IT LF Eit t ei th e complete document title in al l
atr 141 CII , - s T u e -  i’ all ases should be unclassified . (I a 12) “Announcement arid d ,ssent, nati oii it th u uIoi. iu i t

.ru ul ,t- ,enti . ,t.~s c i u p I - u ,r~ t h e  Cannot be selected without c l ass i l i  is not au thorr ~ed with out prior iip piosui i troil,
.sh- ~~n 1150w ‘- It , -  . i , ,s s, f i c a t ,on w i ll’ the usual one-cap ital-letter orig inating activity, ”

ii~ liari-nIheses ,rvi mrsl iatel y foll ow .nq the tit le
11 . SUPPL EMENTARY NOTES Use b r  additio nal es p lan at o r ’,

4 ‘ t S CRI P 1 - - N~,) T E S t ite r he u aIeqo s of documen ’ , eu 1i not es
i-cnn ii ri-pol l i-ch ote .ir t ec h n ica l lett i - r II appr Opri

Me . enter - rue lviii- 01 rlOr u nent eq  ‘ii t ,.iiin . pro g res s. 1 2, SPONSORING ACT IV ITY  Enter th e name oI the ~I,.Ii.u i t u i i . l. ii
s um mer y ui,’ o.il c,i Iin~ I ~.ivC the ,fl cJus,ve dates when a pi-Olect of lice or laboratory sponsor ing the research neil

speCrIiC re po i t uury period is :osiered. development. Include address.

5 ~~ .~~T i-,QRts E- i t eu it ,- nam e(s ) of autho r(s ) as shOwn on Oi 13. A BSTRACT Enter an abst ract giv ing a bl iet .ini ac tual
i the doc ument. F ii jo name . f i rs t  name . ri ddle initial summary of the document , even though it may .ilsn .l rpeam

military. ihOw in, the name of the princloa l author -s an elsew here in the body ol the document itself , It n Ptu~hly
,il,5s) uitP mi -f inuri n’s u~ -. i ir i-i’ ent. desi rable that the 3bslrac t of classified d o c ume n ts  be unc lassi

fred - Each peragrapt, of the abstr act sisal) end with an
6 OOCUMENT DATE Ente r the date lrnonth . veer)  of indic at ion of the security class ificatio n 0, the information

Esteb l ish ment aop mosal f ir, ,ub)icat ,O’ l 01 the document n th e paragr aph (un less the document itself  us unc lass ,f iedl
represented as ITS) . (SI . (CI . (A) , or (UI .

/à ‘~~T A L  N()MBE R OF PAUES TIse tot 8f Page count should
OW normal paqin.uI’oo pr ocedures, i e - enter the number The length of the abstract sh ould be t rm ited to 20 sungle-spaceil

of cages contai ni ng ,nfuir rriatioo stand ard typ ewr itt en lines. 7’-s inches long

7b NUMBER )F RE FI . RENCES Ent er the total number of 14 , K EY WORDS Key words are technicall y nieani nq lui terms or
referenc es - ted in the document shor t phraseS that cha racter ,ze a document and cm lii tue help fu l

in catalog Ing the document Key words shr iii lrl be sr ’ICCI,iI (0
tla PROJECT OR i~ RANT Nl)MBER II .ippropr.ale. enter rISe that no security cla ss ific ation is required. Icl ent lmi n~ such as

appl rcable re search m d  dr v,’lOpmeflI p.o lect ‘if grant niiinber equipment model desrg nal ion . tra de name , mm li i i -, ~~i’it~Ct ~iiiti

~ ni1er w hi PS the uloc ,imr ’i -l was w r i t ten,  name, geog raphic loc ation . may be used as s,’y i-voids but willw followed by an indication of technical cont es t
Bb CONTRACT NUMBEN It appropriate , ent e r th e appl icab le

i-umber rinde’ which I’- ’- t iccumerl t was err-lIen

ç)~ i3Pk j lN AT OR S DOCUMENT NUMBER(SI Enter th e
—Itu c i a l  ctrucimmer,l i-e mber y which the document will be
- -li.r’t lued m d  ~i~ru h i— i l  b the origi natin g ii h u t S  Il’s
imumber mu st lie un- i , .r- lit Ibm, loCu,nent


