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ABSTRACT

Despite problems with leakage of electrolyte , disintegration of the
separator material and air starvation at the cathodes , batteries gave four
hours of discharge at 3A , while maintaining the battery voltage between
20—30V at temperatures between ~*4O0 and 49° C. Suggestions were made for
improvements in the battery design .

RESUME

Malgré des problems concernant la lu ite de l’~~l e t rolyte , la
disinte gration du ma terit i utili~~ conni e sCparateur i. t .  un~ manque  d ’ t~xvg~Im~
aux cathodes , les batteries pouvaient supporter un debit , aux temp eratures
de _4Q 0 ~ 49°C , de 3A au cours de qLl atr l heures en maint enant une tension
de 20—30V .
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I NTROI)UCT JON

In February 1973 the Electrical Power Sot l r ( es Division was approached
by DEEM for advice on the selection of a primary battery to power the
AN/TRN—3 0 non—directional beacon . The stated requirements were:

Power Output : 3A at 26—30 VDC normal
20—30 VDC abnormal

Duration of Operation : 4 hours continuous under environmental
conditions from —40° to 49°C.

Weight: 10 lbs recommended maximum .

A review of the pertinent literature revealed that nc available
battery would meet the above requirements. At the time the lJi. ted States
Army proposed to use the BA—525 , a mechanically rechargeable zinc/air battery ,
to meet this application . As this battery was activated by the addition of
water , it could not be put into operation at temperatures below 0°C. It
could , however , he activated at temperatures above the freezing point and
subsequently discharged at lower temperatures. With this mode of operation ,
performance was unsatisfactory below —18°C. More recently a primary zinc/air ,
the BA—591, has been a strong candidate but neither it nor another possible
candidate , a magnesium/manganese dioxide primary battery, are able to meet
the Canadian Forces requirements at temperatures lover than —18°C.

After discussions with various batter y manufacturers , DEEM was ad-
vised that the only advanced batter y system which might be developed within
a reasonable length of time and which would be capable of some useful per-
formance at —40° was the reserve—primary zinc/air battery . It was estimated
that such a battery weighing about 15 lbs would give , hrs  of opera tion at
—20°C and about 2 hrs at —40° . A contract demand was processed to develop
and supp ly 50 prototype zinc/air batteries to the following specifications:

Electrical:

Temp °C Voltage Current Minimum Op er .itin~.’
(VDC) (Ampere) Period (Fir)

—40 20—30 3 2
—29 20— 30 3 3
22 24—30 3 5
49 24—30 3 4

UNCLASS I l l  El)
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The battery must be capable of being activated within one minute
at temperatures down to —40°C by personnel wearing gloves . Personnel
shall not be physically exposed to the electrolyte. The length of
time to reach the required optimum voltage and current levels at the
specified temperatures below shall not be more than 5 minutes.

Physical:

a. Dimensions: Maximum physical dimensions permissible

Length 12.2”
Width 4.0”
Height 8.6”

b. Weight: Less than or equal to 15 lbs.

c. Shelf Life: In an unactivated state the battery must be capable
of a minimum storage life of 2 years.

A contract was let to Unican Electrochemical Products Ltd. in
February 1974 and 50 batteries were delivered to DREO in September 1975. As
the primary goal of the contract was to demonstrate the feasibility of meeting
the electrical performance specifications , the contractor was allowed to ex-
tend the length to 14 in and the weight to 18 lbs in order that readily
available inexpensive materials might be used for the cell case.

Evaluation of the batteries at DREO according to the plan described
in Appendix “A” was started in Octeber 1975 and completed in .Tuly 1976.

DESCRIPTION OF THE BATTERY

As a detailed descri ption of the  b a t t e r y  is given in the final re-
port by the contractor (1), the components will be described only briefly.
Two batteries , one of which is unpainted so that the interior components can
be seen , are shown in Figure 1.

ELECTROLYTE CONT AINER

The 33/  ~~ t a s s i u m  hydrox ide  e l ec t r o l y t e  is contained in a p l a s t i c
bag located in the upper  c o m p a r t m e n t .  Wi th  b a t t e r i e s  1 to 4 t h i s  bag was of
I u w — d e n s i t v  p o l v i t h y len e  bu t  t he  remaining f o r t y — s i x  were equi pped w i t h  a
d oub l e  h a g .  The i n n e r  bag was made of Melinex , a laminate of polypropy lene
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and polyester with the polypropylene facing inwards while the outer bag was
of polyethylene. The bags were heat—sealed after the addition of the
electrolyte.

CELL STACK

The cell stack, consisting of twenty—two modules connected electri-
cally in series, is housed in the lower battery compartment the walls of
which have rows of bored holes to permit access of air to the stack. Each
module or “double bicell” is made up of two bicells connected in parallel
and each bicell is separated from its neighbour by open—mesh plastic screen
spacers which allow air to flow across the cathode faces. The cell stack is
compressed to the size required to fit into the lower compartment and held
firmly by two bands of rubber. The electrical leads are soldered to connectors
which pass through the end wall of the cell stack compartment.

BICELL CONSTRUCTION

Each bicell consists of two 3.75 x 5.25 in air cathodes cemented
to a 0.25 in cell frame. The cell frame is in two halves which are cemented
together after the insertion of a 22 g zinc anode of dimensions 3.25 x 4.75 x
0.06 in. into the cell cavity between the cathodes. The catalyst used in the
air cathodes is carbon impregnated with manganese dioxide by a process de-
veloped at DREO (2). This material is wet—proofed with a suspension of poly—
tetrafluoroethylene (PTFE), applied to a semi—permeable PTFE membrane and
pressed onto a expanded nickel current collector. A paper separator designed
to electrically insulate the cathode from the anode covers the current
collector and Is glued around the edges of the cathode . The zinc anode is
prepared by cold pressing a mixture of dendritic zinc and cellulose filler
onto a copper grid . The porosity is greater than 75%.

ACTIVATION MECHANISM

The battery is activated by pulling on a metal ring . This causes
two parallel knife blades to slide across the full length of the bottom of
the electrolyte bag . The released electrolyte flows into a tray and from
there into the top openings of each of the forty—four bicells which are
cemented to the bottom of the tray . There is no common electrolyte path
between bicells excep t during the activation process itself.

UNCLASSIFIED

• - ~ - ~~~~~~~~~~~~~~



- - - ~~~~--

UNCLASSIFIED 5

TE ST APPARATUS

A Tenney Eng ineering Inc . environmental chamber , Model SST , was
used to condition the batteries at the desired test temperature prior to
discharge .

Room ambient discharges were normally carried out on an open lab-
oratory bench. A 4 in. fan (Rotron) with a 100 ft 3 /min capacity was used
when required to augment air flow through the battery.

Continuous air feed (6 ft ’/h) to the batter ies dis~ harged in the
chamber was maintained from a cylinder of compressed dry air wit h a flow
control gauge (0—10 ft 3/h), For the battery test temperatures of —29° and
—40°C the dry air from the cylinder was initially pre—cooled by passing it
through copper coils immersed in a dry ice/methanol mixture contained in an
i nsulated box. A heating bath was substituted for the cooling mixture when

was desired to pre—heat the dry air for the 49°C test temperature .

The batteries were discharged through a resistive load bank of
! 0.1 ohm. The 8 ohm load was made up of six 50 ohm , 50 watt adjustable

~ire—wour.d resistors connected in parallel , with each resistor trimmed to
48 ohm.

Battery and cell voltage were monitored on a Digitec Datalogger ,
Model 1267, with a digital print—out . Simultaneous battery voltage and
temperature traces were also recorded using a dual channel Hewlett—Packard
7100B strip chart recorder. A copper—constantin thermocouple enclosed in a
protective glass envelope was inserted into the electrolyte of an inner cell
module in order to measure changes in battery temperature during a discharge .

RESULTS

PRELIMINARY TESTING

A number of serious battery problems arose early in the test pro-
gram which made it impossible to carry out the proposed evaluation plan
(Appendix “A”). Ten batteries (Nos. 5—8, 13—16 , 27 and 28) were returned to
the contractor. These were reworked and discharged by the contractor in
at tempts to solve these problems . The battery faults and the proposed
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solutions are discussed below .

ELECTROLYTE LEAKAGE

During activation about 200 ml of electroly te leaked from the
activation tray and the cell stack. A further 50—100 ml emerged while the
battery was being discharged . Leakage was traced to three sources — the seal
between the cell stack and the activation tray , the seam where the two halves
of the cell frame had been glued together and the seal between the cathode
and the cell frame. After removal of the cell stack from the battery case ,
the first two sources were easily accessible for re—sealing but the cathode—
cell frame joints could not be reached without completely dismantling the
cell stack.

Re—sealing the activation tray and cell frame joints reduced the •1
leakage during activation and discharge to about 115 ml.

ELECTROLYTE CONTAINER SEALS

After a week of storage at high temperature and high humidity
(32°C, 90%), electrolyte was observed leaking from the plastic bag of one of
the batteries. Four of the ten batteries returned to the contractor were
also found to be losing electrolyte. Leakage was attributed to poor heat—
sealing of the plastic bag but there was also some evidence that the inner
polyester coating was being attacked by the potassium hydroxide electrolyte.
It was decided that a new type of electrolyte container was required.

INADEQUATE PERFORMANCE

Battery discharge performance at room temperature was erratic and
cons iderab ly  below the required 5 h. Two factors , one related to bicell
desi gn and the other to cell stack design were found to be responsible for
the shor t  d i s c h a r g e  t imes.

During the development of the battery , difficulties were encountered
in finding a separator which would wet when exposed to electrolyte at —40° (1).
A filter paper met this requirement , pe r fo rmed satisfac tor i ly  in the cell
stacks tested by the contractor and was used in all fifty of the batteries.
However , it has since been found that this paper is of variable quality and
some samples shrink and tear when exposed to electrolyte. This can result
in cathode to anode shorts within the cell which reduce the battery voltage
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and capac i ty .  A double s t r e n g t h  d y n el  bag open a t  t he  top was developed and
appeared to be suitable for both high and low temperature operation . The
opening at the top of the bag a l lowed e l ec t ro ly t e  to f low on bo th  sides of
the separator and this promoted rap id wetting of the mat..~rial even at vejv

low temperatures. As the unsealing of cell frames would likely destroy both
cathodes and anodes , new separators could not be introduced in a simp le
refurb ishment of the batteries.

The second cavse of poor battery performance at room temperature was
air starvation of the cathodes . The minimum inter—cell spacing and hence the
access of air to the cathodes was determined by the thickness of the open
weave plastic spacer (0.045 in) but it was evident that there were differences
In the distances between bicells as a result of n o n — u n i f o r m  compression of the
cell stack on insertion of the stack into the battery case. Actual ly three
pieces of spacer were used between bicells but two occupied the space between
the cathode face and the outer edge of the cell frame and on1~ the middle
spacer had tabs which extended between the two neighbouring frames (Figure 2).
The spacers next to the cathode faces probably hindered the air flow .

REPAIR OF BATTERIES

None of the problems discussed above could be completely solved by
simple repili r~ to exist . l u g  h : i t  t er i ~~ Howev er , t en  mor e  ha t  t i n e s  (Nos .  3 ,
4, 29—36) were returned to the contractor for re—sealing of the activation
trays and cell frame joints. To improve air circulation small wedges of
of spacer material were inserted between bicells that were obviously poorly

• spaced , and two new rows of holes were drilled at the top and bottom of each
lower battery compartment.

Before returning the cell stacks to their containers , the electrical
resistance of each bicell was measured. Each battery had a number of shorted
cells but these ;horts were of an intermittent nature and were affected by
a slight tapping or shaking of the cell stack . They were attributed to small
amounts of t ine z inc  powder f rom the anode falling oft and forming an inter—
m i t t e n t  conduct ive  p a t h  between anode and ca thode . B a t t e r y  No. 33 had the
greates t  number of shorted cells (twelve) but when discharged at —40° behaved
normally and met the specified run time .

The remain ing  nine batteries were returned to DREO .

EVALUATION OF BATTERIES

A Revised Evaluation Plan (Appendix “B”) was drawn up, based on the
information obtained from the preliminary tests and taking into account the
reduced number of batteries. The results of the tests carried out as des-
cribed in Appendix “B” are recorded below .
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PHYSICAL INSPECTION

All forty batteries which originally arr ived at DREO were un-
damaged and showed no evidence of electrolyte leakage . As there were only
minor differences in recorded dimensions , only the measurements of the nine
ba t t e r i e s  re—sealed by the c o n t r a c t o r  are recorded in Table I.

TABLE I

Physical  Condi t ion  and Dimensions of Batteries

Bat t e ry  Phys ica l  E l e c t r o l y t e  l) imensions ( in )  Weight **
No. Damage Leakage w h 1* ( lbs)

3 No No 4.1 10.1 14.2 16.6
4 No No 4 .0  10.0 14.1 16.6

29 No No 4 .1  10.0 14.1 16.6
30 No No 4.0 10.0 14.1 16.5
31 No No 4.0 10.0 14.2 16.6
32 No Yes 4.0 10.1 14.2 16.6
34 No No 4 .0  10.1 14.1 16.6
35 No Yes 4.1 10.0 14.2 16.8
36 No No 4.0 10.0 14.1 16.5

* Does not include protruding electrical connectors and activation ring.

** Includes ou te r  p l a s t i c  wrap .

CO~~4ENTS

1. Batteries 32 and 35 were rendered unserviceable as a result of electro-
lyte entering the cell stack .

2. All batteries were 0.1 — 0.2 in. longer than the revised maximum
permissible length of 14.0 in. and exceeded the specified height by 1.4 —

1.5 in.

3. All battery weights were in the range 16.5 — 16.8 lbs , well below the
18 lb revised maximum permissible.

UN CLASSIFIED
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EFFECT OF AIR CIRCULATION ON DISCHARGE TIME

In all discharges the time required to operate the activation
mechanism was less than 2 sec , the time to- attain an open circuit voltage
(OCV) of 24V was about 4 sec and the battery voltage remained above 20V on
application of the load.

Test (a): The results of the four batteries discharged in an “as received”
condition ar e shown graphically in Figures 3—6 . Discharge times ranged from
O to 0.5 h to a 24V cut—off.

Test (b): Removal of toe side panels of the lower battery compartment in-
creased the length of discharge to 1.0 h to a 24V cut—off or 4.4 h to a 20V
cut—off as illustrated in Figure 7.

Test (c): Initiation of the circulation fan when the battery voltage reached
20V after 1.1 h of discharge raised the voltage to about 26V and permitted
a further 2.6 h of run time to 24V to be obtained (Figure 8).

Test (d): The longest discharge (4.0 h to 24V, 5.0 h to 20V) was obtained
with the chamber door open and the fan in operation througho ut the discharge
(Figure 9).

COMMENTS

The results of the tests described in Section II of Appendix “B”
indicate:

1. Despite the insertion of wed ges between hicells the length of discharge
during normal operation at ambient temperature is limited by the in-
sufficient amount of air reaching the air cathode.

2. Extra holes in the cell case do not sufficiently increase convective ~tr
circulation . Even a battery with the case walls removed did not meet the
discharge specification .

3. The battery discharged with forced air circulation gave the longest
discharge time but did not meet the specified 5 h of operation to a 24V
c u t — o f f .

4. The degree of air circulation also affected the Internal battery tern—
perature . The highest temperature recorded during a discharge under
condition Test (a) was 79°, under Test (b) 60°, Tes t (c) 31° and Tes t (d) 35°C.
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CONTINUOUS ELECTRICA l. l ) I S CII ,\ R ( E TE S’I ’S

The results of discharge Tests 111 (;~) — 11 1(d) (Append i x “ B ”) a re
recorded in Figures 10— 16 and suimmari~~&-d in Iahle II. It was demonstrated
in the previous section that the spec i f i ed  5 hours of operation to a 24V
cut— off at 22°C could not be attained. For this reason and because of the
small number of batteries available , no further discharges into the 8.0 ohm
load were done at room temperature . Instead battery No. 36 was discharged
at a constant current of 3.OA impressed by a power supply. This discharge
was carried out on a bench with a small fan providing air circulation.

TABLE II

Results of Continuous Electrical Discharge Tests

Temperature Battery Time to Reach Discharge Time to Naximuim
No. 24V OCV Specified Voltage* Ele ctrol yte

sec h Temperature  ° C

—40 42 40 5 .0  — 2 8
44 66 4 . 3  —30

—29 43 27 4 . 4  — 1 7 . 5
& 

. 
45 28 4 . 7  — 2 4 . 5

22 36** 4 4 . 6  31

49 47 2 4 . 6  62
49 2 5 .7  56

* 20V cut—off for discharges at —40° and -29°, 24V for discharges at
22° and 4Y~

** Discharged at a constant current of 3.OA impressed by a power supp ly

and with a fan providing air circulation through the cell stack.
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Fig. 15: Discharge at 49°C of Battery No. 47.
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Fig. 16: Discharge at 49°C of Battery No. 49.

1. Voltage 2. Temperature
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COMMENTS

1. All batteries met the specified activation requirements. Batteries
were activated without difficulty in less than 2 sec at all temperatures .
The length of time to reach acceptable voltage and current levels was much
less than the specified maximum of 5 m m .

2. The specified requirements for electrical performance were met at —40°,
—29° and 49°. The battery force—discharged with an impressed current of
3.OA gave 4.6 h of service, 0.4 h short of the specification .

3. Problems of air starvation at the cathode were not encountered with
batteries discharged in the environmental chamber because the operation of
the chamber fan caused sufficient air to circulate through the cell stack .

4. The internal temperature of each of the batteries as measured in the
e l ec t ro ly t e  increased by approximately  10°C dur ing discharge .

UNACTIVATED STORAGE

Test (a): Batteries Nos. 10, 11 and 12 were plac ed in a chamber at 32° C and
90% relative humidity. No. 11 was found to be leaking electrolyte after 7
days and No. 10 after 23 days . The test was stopped and the remaining
bat tery removed .

Test (b): Battery No. 9 was stored at 71°C. Electrolyte leakage was noted
after 1 week and dry KOH deposits were observed after 2 weeks as shown in
Figure 17. The battery was examined after 30 days. Only about 900 ml of
the orig inal 1300 ml of electrolyte remained in the bag and the battery was
declared inoperable .

Test (c): The results of the discharges performed after room temperature
storage are recorded in Table III . Of the eight batteries stored , two were
rendered inactive by leakage of electrolyte into the cell stack. After
about 150 days it was noted that electrolyte had entered the space between
the inner and outer bags of several other batteries. At that time all
electrolyte bags were removed from the batteries and stored separately. This
required removal of the outer plastic wrap from the batteries which were then
stored unprotected from the humidity in the atmosphere . From results re-
corded by the contractor of the effects on zinc samples of storage at various

temperatures and humidities (1), it could be predicted that unprotected stor-
age would adversely affect battery performance , par ticularly a t low
temperatures. Therefore the discharge at —40° after 180 days , as well as
the storage tests beyond 270 days were omitted .
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TABLE I I I

!)iscloirge of Batteries After Storage at Room Temperature

:t- -~~th ~‘f Batter y Discharge Discharge Time to Maximum Electrolyte
- to r .tge N~~. Temperature Specified Voltage* Temperature

d a - ~ C B C

l B  22 3.6 41
17 —~+0 1.8 —32

181) 3 22 3.8 31

2 7 0  I S  22  2 . 7  25

24 — 4 0  1.4 — 3 6

~ 2~ \ - ! t — o f f  fo r  discharges at —40°, 24V f or d ischarges at 22 ° C

• L None of t he  s t o r e d  b a t t e r L e s  met t h e  e lec t r ica l  s p e c i f i c a t i o n s .

2. ., - .ko ,~-. from the ~-1ectr ol~’te bag was the cause of failure of batteries
3 ) 0  and 71° C.

3. .~x i d a t i on of zinc in batteries stored without a protective plastic wrap
was tn ~ most likely cause of failure of batteries stored at room temperature.

.- \ T  IV A T EI )  STORA CE

The r e s u l t s  of discharges made following activated storage of
teries 2~ and 30 art- sho~- ii i n E i c u r e ~ 18 and 19. Four hours a f t e r  be ing

act i V d l .. ( 1 , B a t t e r y  No. 29 was discharged 1.0 h to the 24V cut—off. Seven
oars after activation , the OCV of Battery No. 30 was well below the 24V

‘ ‘ u ’ :  and no d i s c h a r g e  on load was possible .
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1. Battery performance deteriorated to an unacceptable level during four
ours stand after addition of electrolyte.

2 .  ‘~He inc~ e ’is~- in battery temperature during stand and the affect of air
o r .  -~~~j o n  on the OC\ (Figures 18 and 19) indicate that the batteries were

f— d i ~~ch ,1 r c inC  at a rap id rate .

1)1 S~ ~~~ B’F0RA~ E

No evidence of cell module distortion , damage to battery case or
f u r  her leakage of electrolyte was found with any stored discharged battery .

LYPECT OF INDIVIDUAL CELL MODULE PERFORMANCE ON BATTERY PERFORMANCE

The individua l cell voltages of Batter~- No . 34 , one of those re—
sealed by the contractor , are listed in Table IV while the electrode poten—
Lals -4ith respect to a mercury/mercuric oxide reference electrode of cell 13
are plotted in Figure 20. Plots of total battery voltage and electrol yte
t e m p e r a t u re are g iven  in Fi gure  2 1.

Periodically during the discharge , electrolyte that had leaked out
was returned to cells which showed a low liquid level. About 210 ml were
re—cycled in this way . It was noted that only cell module 13 did not lose
ele c t t O l v t e .  Cell modules 3, 4, 5, 7, 14, 15, 17 , 18 and 19 leaked only from
one hiceil while the remaining cells leaked from both. On addition of
ele ctrolyte to a cell , the cell voltage increased by about 5 mV but soon de—

~a’--ed to the  p rev ious  level  as leakage con t inued .

From F i p ’ r ~- 20 i t  can be seen tha t  po t en t i a l s  of bo th  the z inc  and
air e1ect~ odes o f ce l l  13 cha nged very little after the first hour of dis—
ch~ r c-- . Bo th electrode s behaved normally and there was no evidence of either
excessiv e po Iari~~ation or intermittent internal shorts at either electrode.

At the time the decreasing battery voltage reached 24V (about 4 B),
onl y t - .i~~ of the modules ( 1 and 20) were below the 1.lV level but both of
these m 1 j ~~,-s were in volt i~ e reversal , i.e. contributing a negative vcltage
to t n .  t ’tal h i t t e r - .- voltage . After a total of 265 minutes , the ba ttery

UN CLASSIFIED
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TABLE IV

Cel l Module Voltages During Discharge of Bat tery  No. 34

Cell Cell Voltage
No. 1 2 3 4 5 6 7 8 9 10 1]. 12
Time
M m .

OCV 1.36 1.38 1.38 1.37 1.38 1.38 1.38 1.34 1.38 1.38 1.39 1.37
1 1.2 2 1.27 1.25 1.26 1.26 1.26 1.25 1.25 1.25 1.25 1A 2 4  1.20

10 1.23 1.27 1.25 1.25 1.26 1.26 1.25 1.25 1.25 1.25 1.24 1.20
60 1.21 1.25 1.25 1.25 1.26 1.25 1.25 1.24 1.25 1.25 1.24 1.20
120 1.20 1.24 1.25 1.25 1.26 1.25 1.24 1.23 1.24 1.24 1.24 1.19
145 1.20 1.24 1.25 1.25 1.25 1.25 1.24 1.23 1.24 1.24 1.24 1.19

air circulatIon fan turned off
150 1.13 1.20 1.24 1.23 1.24 1.22 1.21 1.21 1.22 1.22 1.22 1.13
166 1.19 1.20 1.24 1.24 1.24 1.23 1.22 1.22 1.23 1.23 1.23 1.14

air circulation fan turned on
170 1.19 1.24 1.25 1.25 1.26 1.25 1.25 1.24 1.25 1.25 1.24 1.19
210 1.10 1.24 1.25 1.25 1.26 1.25 1.25 1.24 1.24 1.25 1.24 1.17
240 —0.93  1.24 1.25 1.26 1.26 1.26 1.25 1.24 1.25 1.25 1.24 1.14
265 —0.93 1.25 1.26 1.26 1.26 1.26 1.25 1.24 1.25 1.25 1.24 —1.05
300 —0.93 1.25 1.26 1.26 1.27 1.26 1.26 1.25 1.25 1.26 1.23 —1.18
360 —0.93 1.24 1.26 1.27 1.27 1.26 1.26 1.24 1.25 1.26 1.14 —3.59
42 0 —0.90 1.25 1.26 1.28 1.28 1.28 1.27 1.26 1.25 1.28 —0.88 —5.39

Cell Cell Volt age Bat tery
No. 13 14 15 16 17 18 19 20 21 22 Voltage
Time
M m .

OCV 1.38 1.38 1.37 1.37 1.35 1.38 1.38 1.38 1.38 1.39 30.1
1 1.2 6 1.26 1.26 1.26 1.25 1.26 1.27 1.22 1.20 1.25 26.8

10 1 . 2 6  1 . 2 6  1. 2 6  1 . 2 5  1 . 2 5  1 . 2 6  1 . 2 6  1 . 2 2  1 . 2 1  1 . 2 5  2 6 . 9

60 1.25 1.25 1.25 1.25 1.23 1.25 1.25 1.24 1.21 1.25 26.8
120 1.25 1.25 1.25 1.24 1.22 1.25 1.24 1.22 1.20 1.24 26 .7
145 1.25 1.25 1.25 1.24 1.22 1.25 1.24 1.17 1.19 1.24 26.6

air ci rculation fan turned off
150 1.22 1.23 1.23 1.21 1.14 1.21 1.23 1.12 1.16 1.24 25.9
166 1.23 1.24 1.23 1.21 1.17 1.22 1.23 1.10 1.14 1.24 26.0

air ci rculation fan turned on
170 1.25 1.26 1.25 1.24 1.23 1.25 1.25 1.14 1.17 1.24 25.6
210 1.25 1.25 1.25 1.24 1.22 1.23 1.24 0.02 1.09 1.24 25 .3
240 1.26 1.26 1.25 1.24 1.22 1.24 1.23 0.00 1.06 1.24 22.5
265 1.26 1.26 1.25 1.24 1.21 1.24 1.24 — 0.91 0.89 1.24 20.0
300 1.27 1.27 1.25 1.24 1.18 1.24 1.24 —0.93  —1.12 1.24 18.0
360 1.27 1.27 1.25 1.23 1.06 1.22 1.21 —1.02 —1.12 1.23 15.3
4 20 1.29 1.29 1.25 1.21 —0.81 1.11 1.11 —0.98 — 1.13 1.24 9 .6
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voltage reached 20V and two more modules (12 and 21) were in voltage reversal.
At that time the voltage across each of the four spent cell modules was be-
tween —0.9 and —1.OV . On further discharge the voltage contribution of module
12 became increasingly more negative being —3 .6V after 6 h and —5 .4V after
7 h.

COMMENTS

1. The f ac t  that  only one of the twenty—two resealed modules did not leak
demonstrates the necessity for new techniques in battery sealing , particularly
in cementing the cathodes to the cell frame .

2.  All four of the cell modules which failed leaked electrolyte from both
bicells and failure may have been due to passiva t ion of the zinc anodes on
exposure to air as the electrolyte level dropped .

3. With each of three of the failed modules , the voltage of about —lv could
be attributed to an internal cell resistance of about 0.3 ohm. The behaviour
of cell module 12 was , however , much different . The voltage dropped below
1.2V only 30 minutes after the start of the discharge , and af ter fa ilure , the
negative voltage contribution to the battery voltage was greater than 5V.
These results might be due to high current breakdown of the electrolyte.

SUMMARY OF RESULTS

1. The electrolyte container was prone to leakage , particularly at
elevated storage temperatures .

2. No meaningful storage data was obtained because of leakage problems
with the electrolyte container.

3. The activation mechanism was simp le to operate and met the require-
ments at all temperatures.

4. Following activation at any of the specified temperatures , the
battery voltage attained a level greater than 20V in less than 1 mm and did
not drop below 20V upon application of the 8 ohm load .

5. Leakage of electrolyte during activation and discharge was a serious
problem.

UNCLASSIFIED
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6. D i s i t i t . - gr a t i o n  of the  s epa ra to r  led to internal  anode to  cathode
shorts , decreased battery capacity and promoted rapid self—discharge on
a c t i v a t e d  s t a n d .

7. Convec t ive  air  f low through the cell stack was not sufficient to
supp ly  the  oxygen r o qu i r e d  by the a i r  ca thodes .

8. When discharged  w i t h  fo r ced  a i r  c i r c u l a t i o n , batteries gave four
hours of operat~~oit within the voltage and current specifications at all tern—
peratures investigated from _400 to 49°C. No sample gave the five hours
required at 22 ° C .

CONCLUS IONS

Desp i t e  the design f a u l t s  uncovered during the evaluation , the
battery was shown to he capable of delivering the required power for four
hours  at — 4 U ° . This is twice as long as called fo r  by the  con t rac t  specifi—
c t  ion and much longer  than a n t i c i pated . Only at 22 ° C did the b a t t e r y  f a i l
the  e l e c t r ic -2 3  requi rements  and there  is every indica t ion  that the use of
proper  s epa ra to r s  and sealants would extend the  b a t t e r y  c a p a city  to meet the
sp e c i f i c a t i o n .  The prcb1 ’~ms of e l e c t r o l y t e  s to rage , sea l ing  of cell  s t ack
componen t s  and s e p a r a t o r  d e t e r i o r a t i o n  should be read i ly  solved w i t h  ava i l ab le
m a t e r i a l s  and t L c h n i qn es . There is some doub t , however , about  the p o s s i b i l i t y

• of o b t a i n i n g  s u f f i c i e n t  convective air flow through a cell s tack composed of
44 b i c e l l s  w h i l e  remain ing  w i t h i n  the  s p e c i f i e d  overall  maximum b a t t e r y  length
o f 12 .2 i n .

,\~ t c r  d i scuss ions  w i t h  the  c o n t r a c t o r  the fo l lowing  improvements in
d e s i g n  y or e  s u g g e st e d  fo r  inc lus ion  in any b a t t e r i e s  which might be bui l t  in

a t he f u t u r e .

1. The e l e c t  ro lvre should be housed in a molded plastic upper battery com-
partment rather than a plastic bag. An open slot along the bottom of the
compartment would be covered with a strip of plastic known to be unreactive
with aqueous potassium hydroxide over a wide range of temperatures. PTFE is
a possible candidate material.

2. Cathodes should be built into the cell frame during the injection molding
of the cell t rame . This technique has been used by the contractor to elim-
inate electrolyte leaks at the cathode—cell frame joint in butten—size zinc/
air batteries .

I. e cathode box should be re—designed to permit testing for leaks prior
to the insertion of the zinc anode.

UNCLASSIFIED

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - -— -~~~~~~• - - - ~~~~~-- -  ~~~~~ --



_ _ _ _ _ _  - -~~ -~~~ -- --- - - -  -- -

28 UNCLASSIFIED

4. A separator capable of rap id wetting at —40° but unreactive with elec-
trolyte at temperatures as high as 70°C should be used. Such a material has
recently been developed at DREO (3).

5. Spacer ribs rather than plastic screen should be used to maintain a
fixed distance between bicells . The ribs should be angled to promote con-
vective air circulation and the inter—cell spacing should not be less than
1/16 in.

6. Each bicell should be affixed both to the activation tray and the lower
battery compartment to provide }-etter pr o te c tio n from shock and vibration .
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APPEND I X A

EVALUATION PL.AN FOR ZINC/A IR BATTERIES FOR ,-\~~‘R N -3fl

I . PHYSiCAL INSPF:CIIVN

(a) Visually exarni~1e t a r  ;~h v s i c a1  ‘C mage .

(b)  Vis uall y cx a m : c~ for e iecLn o~ ct e  leakage .

(c) Record 1 in e a r  d i m e n - -~ io ns and w e i  gbt:

All  ba t t e r i e s  to he sub je ted to these t e s t -~ up on  arrival .

I I .  UNACTIVATED ~~~ R A i

Unless  o t h e r -w i s e  s ta t e d , b a t t e r i e s  wi ll be ~ t~~red in an upr ig h t
pos i t ion  in a r e f r i g e r a t e d  ro om w i t h  ~~ ft temperature maintained at 0°C.

( a )  Three b a t t e r i e ~- wi l l  be s~~’r ed fo r  90 day s  a t  32 ° C and 90% relative
i- ~m~ di t ’ s . Two ot Lbe~~e will be - t o t e d  upr i ght and the o ther  upside down
( e l e ct r o l v ’ e case down) - One of the upri ght  b a t t e r i e s  and the b a t t e r y  stored
upside down will be subj -c t id to Electrical Discharge Test V(a) . The re-
maining battery will he stbj e -ted to Electrical Discharge Test V (c~~.

(hi One batt e r y will he s t o re d  upri ght at 71°C for 30 days . Following
~-to rag€- it will be sub j e ~~t e l  to Electrical Discharge Test ‘~‘(h).

(c) Two batteries will be placed upri ght in an environmental chamber and
sub je ed to 10 complete temperature cycles , each cycle consisting of 8 hours
i t  .9’(’ fou r-wed by 8 hours at  —29°C. Foll owing this one battery will be
subjected to Electri ca l i- ~J a c g e  Test V(a) and the other to V(c).

(d) Two hatterho-. will he placed u p r i gh t  In  an e n v i r o n m e n t a l  chamber at
— 1 8 ° ( and the  p r e s s u r e  shal  be r e d u c e d  to a -caine corresponding to an
altitud e of 50.000 ft. After r- ~uiI rs , the batt e ries shall be removed. One
will be suh ~ ec te d t o  E l e  t r h - i l  b i s h i r g e  Test V(c) and the other to V(d).
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(e) Twelve bat ter ies  will  be s tored at  room temperature .  A “it of three
batteries shall be removed and dlschar~ ed aiter 3 months , 6 months , 9 months ,
and 12 months. One of each lot shall be subjected to Electrical Discharge
Test V(a), the second to V(b) and the third to V(c).

III. ACTIVATED STORAGE

Two batteries, having been maintained at —40°C foi at least 12
hours will be activated and left in an envi ronment  of —40 ° . After 4 hours ,
one battery will be subjected to E1ectr~ cal Discharge Test \(a). After 24
hours the second battery will be subjected to Electrical discharge Test V ( a ) .

The activated storage tests will dISC) he carried out with batteries
maintained at 22° C and subjected to Eie~ tr ical i)ischar~ e Test ‘v(b) and to
batter ies  maintained at 49~ u and su b j e c t e d  to Electrical Disc b a r g e  Test V ( d ) .

IV. DISCHARGED STORAGE

All discharged batteries shall be storej at rao’n temperature and
subjected to Physical Inspection Tests 1(a) to 1(d) 24 hours after discharge ,
one week after discharge and two weeks after discharge .

V. CONTINUOUS ELECTRICAL DISCHARGE TESTS

Batteries will be situated upright in an environmental chamber cap-
able of controlling and maintaining the interior temperature within ±0.5°C

a 
over the temperature range of i n t e r e s t .  Ba t t e r i e s  will  be equi l ibrated at
the desired temperature for discharge for at least 12 hours prior to dis-
charge. Provision shall be made for the admission of air to the chamber.
Such air shall be at the same temperature as that of the chamber and this
shall be accomplished by passing the air through a copper coil immersed in a
bath maintained at the same temperature as the chamber . A baffle shall pre-
vent the admitted air from coming directly in contact with the battery . The
batteries will be activated in the chamber if the chamber volume permits this.
If not , the batteries will be removed , activated and returned to the chamber
in the shortest possible time. When the Open Circuit Voltage of an activated
battery has reached 24V , the battery will be discharged through a fixed re-
sistance of 8.0 ± 0.1 ohm which shall be situated outside of the environmental
chamber. A record shall be kept of the time required to operate the acti-
vation mechanism , the time elapsed between operation of the activation
mechanism and the attainment of a battery OCV of 24V as well as the time
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elapsed from the initiation ~~t the discharge until t h e  battery has come up
to 20V . During the discharge , current , batt ery voltage and electrolyte
temperature will be recorded w i t h  time . The discharge will be stopped when
the ba t t e ry  voltage fa ll s  below 20V .

At least three b a t t e r i e s  wi l l  be discharged at each of the temper-
atures described in Tests V(a) Co V(d).

V(a) The battery shall be discharged at -40°C.

V(b) The battery shall be discharged at —29 °C.
V(c) The battery shall be discharged at 22°C.
V(d)  The battery sn a i l  be d i scharged  at 49 ° C.
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APPENDIX B

REVISED EVALUATION PLAN

I. PHYSICAL INSPECTION

(a) Visually examine for physical damage .
(b) Visually examine for  electrolyte leakage .

(c) Record linear dimensions and weight.

II .  EFFECT OF AIR CIRCULATION ON DISCHARGE TIME

Discharge :

(a) Four b a t t e r i e s  as descr ibed in Test 111(c) but  w i t h  b a t t e r i e s  located on
a laboratory bench .

(b) One battery as described in Test 111(c) with battery located on a lab—

• ora tory bench and the side panels of the lowe r ba ttery compar tment removed to
allow unimpeded convective air flow through the cell stack .

(c) One ba t t e ry  as described in Test 111(c) but wi th  chamber door open and
forced air circulat ion by the chamber fan to be initiated upon attainment of
a bat tery voltage of 24V . The discharge with forced circulation will be
continued until the battery voltage again decreases to 2OV .

(d) One ba t t e ry  as described in Test 111(c) but with chamber door open and
circulation fan on. 
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III. CONTINUOUS ELECTRICAL DISCHARGE TESTS

Batteries will be s i tua ted  upri ght in an e n v i r o n m e n t a l  chamber
capable of controlling and maintaining the interior temperature within 0.5°C
over the temperature range of i n t e r e s t .  Ba t t e r i e s  w i l l  be equ i l ib ra ted  at the
desired temperature for discharge for at least 12 h prior to discharge .
Provision shall be made for the admission of air to the chamber. Such air
shall be at the same temperature  as t ha t  of the chamber and t h i s  shall  be
accomplished by passing the air  through a copper coil immersed in a ba th
maintained at the same temperature as the chamber. A baffle shall prevent
the admitted air from coming d i r e c t l y  in con tac t  w i t h  the battery . The batter-
ies will be activated in the chamber if the chamber volum permits this.
If not, the batteries will be removed , activated and returned to the chamber
in the shortest possible time . When the Open C i r c u i t  Voltage of an ac t iva ted
battery has reached 24V, the battery will be discharged through a fixed re-
sistance of 8.0 ± 0.1 ohm which shall be situated outside of the environmental
chamber . A record shall be kept of the time required to operate the acti-
vation mechanism, the time elapsed between operation of the activation
mechanism and at tainment of a b a t t e r y  OCV of 24V as w e l l  as the  t ime elapsed
from the in i t ia t ion of the discharge u n t i l  the b a t t e ry  has come up to 20V .
During the discharge , b a t t e r y  voltage and e l e c t r o l y t e  t e m p e r a t u r e  w i l l  be
recorded with time . The battery current can be calculated by dividing the
battery voltage by the load resistance (8.0 ohm) . The d i sch a r g e  will  be
stopped when the battery voltage falls below 20V .

At least two batteries will be discharged at each of the temper-
atures given below .

(a) The battery shall be discharged at -40°C .

(b) The battery shall be discharged at —29°C.

(c) The battery shall be discharged at 22°C.

• (d) The ba t t e ry  shall be discharged at  49 °C.

IV IJNACTIVATED STORAGE

Unless otherwise stated , batteries will be stored in an upright
position in a refrigerated room with the temperature maintained at 3°C.

(a) Three batteries will be stored for 90 days at 32°C and 90% relative
humidi ty .  Two of these will be stored upright and the other upside down
(the electrolyte container on the bottom). One of the upright batteries and
the battery stored upside down will be subjected to Electrical Discharge Test
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111(a). The remaining battery will he subjected to Electrical Discharge
Test 111(c).

(b) One battery will be stored upright at 71°C for 30 days. Following
storage it will be subjected to Electrical Discharge Test 111(b).

(c) Eight batteries will be stored at room temperature. A lot of two batter—
ies shall be removed and discharged after 90 days , 180 days , 270 days and
360 days. One of each lot shall be subjected to Electrical Discharge Test
111(a) and the second to 111(c).

V. ACTIVATED STORAGE

Two batteries , hav ing been main tained at 22 °C for at least 12 hours ,
will be activated and continue to be maintained at 22°. After 4 hours , one
will be subjected to Electrical Discharge Test 111(c). After 24 hours the
second battery will be subjected to Electrical Discharge Test 111(c).

VI . DISCHARGED STORAGE

All discharged batteries shall be stored at room temperature and
subjected to Physical Inspection Tests 1(a) and 1(b) 24 h after discharge
and two weeks after discharg-~.

VII. EFFECT OF INDIVIDUAL CELL MODULE PERFORMANCE ON BATTERY PERFORMANCE

Remove the upper battery compartment and electrolyte bag from a
battery . Connect lead wires so that the voltage of each of the 22 cell
modules can be recorded . Introduce a mercury/mercuric oxide reference elec-
trode into one cell module so that both cathode and anode potentials of that
cell are recorded .

Activate the battery at room temperature with 1350 ml of 33% KOH
electrolyte also at room temperature and discharge the battery into the 8 ohm
load. Provide adequate air circulation through the cell s tack during the
discharge by means of a fan .
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