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SOME ASPECTS OF THE PERFORMANOE OF THE SILVER ZINC :
SEOONDARY BATTERIES* .
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A solution of some of the problems of the Silver-Zinc Cells, when used as & wultiple - cell -
battery, has been obtained and applied successfully to a typical 12V, 20 Ah Silver-Zinc
multiple cell battery used to power a portable Military communication equipment. i

Current trerds of development on the optxmlsatlon of the performance of S]lver Zing
secondary battery system hes also been discussed.

The. silver-zine secondary cell has possibly the highest venergy density among the

various secondary cells and is finding increasing applications in the field of electronics,
especially in military systems. Although hardly any difficulty is experienced in charging a
single cell battery to its full capacity, considerable charging problems are faced when a
number of cells are used to form a battery. This is further aggravated when charging of the
multiple cell battery has to be carried out in field areas, where facilities are generally in-

~ adequate. Similarly, during discharge of battery, while powering portable communication -
equipments in field areas there is a risk of individual cells reversing in polarity and getting
damaged permanently due to low internal resistance and dissimilar discharge pattern of the
cells. Investigations were undertaken to determine the most suitable method of charging
and discharging these cells when used in a series connected battery conﬁguratwn

CHARGE AND\'DISCHARGE CHARACTERISTIOS

" The electro-chemical reaction of a fully formed cell can be expresged as follows :

Ag - Zn (OH), = 490+ Zn H20
Discharged. . . ~Charged

Durmg the charge cycle, the positive plate is first ox1dlsed to silver oxide and finally to
" silver peroxide. On discharge the silver peroxide is reduced first to silver oxide and then to
silver. This gives the cell the two—step characteristic at low and intermediate rates

_ of charge and discharge which is- typical

0 - ~—e—"of the silver-zinc accumplator. Fig. 1 gives
: the two-step charge/diseharge characteristics
, \ of an individual silver-zinc cell at 10 hour

. ) e . rate. In the charging curve the first step
0 2 Yems © " "™ just above 1-6V lasts upto a third of the
total charge period. There is a sudden rise

Fig. 1—Typical charge and discharge characteris®
tics for a type HIOS accumulator, to a short peak at about 1-95V followed
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by a long step at 1-93—1-96V which is known as the ‘peroxide stage’. The voltage is reason-
ably constant at this level until the charge is nearly completed when the voltage rises fairly
steeply to 2-1V, measured whilst the cell is still on charge. Irrespective of the current at
which the cells are being charged, the charge should always be terminated at 2:1V. Over- .
charging of a cell will lead to the electrolysis of the elect=olyte and consequent loss of water.
No increase in capacity is obtained as the thin plate system ensures complete conversion of
active material without overcharge. Similarly in the discharge characteristics the first step
which is around 1-8V lasts upto one-third¥of total discharge period and is followed by a
longer and very flat stage between 1-5 and 1-55V. The actual voltage depends on the rate of
discharge and the type of cell. The fall-off voltage from higher step to the lower and the
final fall-off in voltage at the end of discharge is very rapid. For this reason, safe operation
and maximum cell life, it is advisable to terminate the discharge of a cell when the terminal
voltage falls to 1-0V. At very high discharge rates the cell temperature rises rapidly and
the heat generated may damage the cell before full capacity is realised. ‘

PROBLEMS OF SERIES CONNE,CT'ED CELL SYSTEM

The following are the main problems faced when a number of silver-zine cells are
" used to form a battery :— : ' ;

(@) A single cell can be charged at 10 hours rate to-the full capacity when the cell,
picks up an on-charge voltage of 2-1V. But when a multi-cell battery is charged
at the same rate, all cells do not pick up charge in the same length of time.
Hence it is very difficult to find out when the battery has attained full charge
evenunder ideal laboratory conditions. There is thus a danger of overcharging
individual cells in the battery. ‘ .

(b) When a battery is being discharged, all the cells do not lose charge in the same
length of time. One or more cells may get discharged carlier than others. There is
thus a great chance of reversal of polarity of individual cells. This is particularly .
50, when the battery is discharged at a high rate. If this happens one or more cells -
may get distorted due to overheafing and become unsuitable for subsequent
use. :

Fig. 2 and 3 illustrate the charge/discharge pattern of two similar types of 20 Ah-
silver-zinc cells connected in series. ) ) . . :

Fig. 2 shows the initial charging characteristic at 20 hrs rate (s.e. at 1 amp). It would
be seen that although cell No. 1 had attained 2. 1V after an input of 12 Ah, yet cell No. 2
was not fully charged. Hence the first cell was removed from the charging circuit and the
: ' ’ second cell was charged till 2°1 V was re-

1 CELL No. 1 ~ ached. Input of 17Ah was required to get it
20. _.~ ___~ fully charged.

e 72 ; CELL Ro- 2 - Fig. 3 shows the 7th cycle discharge

9 1.--2 characteristics of this battery at 2 amps. It

" — gy May be mentioned here that at the end of 6th

[ ‘4 souns 2 16 discharge of the.battery, the charging of the

Fig. 2—Initial eharging characteristics of 2 cell 7th cyele was, contlm}ed at 2 amps till a'n. In-
‘battery at 20 Hr. rate type H20S Ag-Zn cells. ~ pubof 18-5 Ah wasgiven when it was noticed
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that cell No. 1 had attained 2.1V and cell No. 2 was not fully charged. ‘As individual moni-
‘toring of cells was nob practised- deliberately in this case, the battery was taken out of
charging circuit and was allowed to discharge at 2 amperes when it was noticed. (Fig. 3)
that at the end of 7} hrs, cell No. 2 had been reversed in polarity while. cell No. 1 was
still strong. Hence Fig. 2 and 3 only illustrate that complete charge/discharge can be
achieved only if the cells are tackled individually. Difficulty in charging and discharging is
always present if more than one cell is used to make a battery. More difficulty is experien-
ced if more cells are in series. This dissimilar charge/discharge pattern of individual cells
can be improved to a certain extent by careful selection of cells (fromi the same batch and
date of manufacture), but there is always necd for careful control and supervision, while
charging/discharging series connected silver-zinc cells, without which it is not possible to
utilise fully the rated Ah capacity of the cell and take advantage of the high energy
density of the silver-zinc system. ' ' ,

This method of charging and discharging a battery by monitoring individual cells is
" definitely cumbersome and not practicable if the battery is required for use in field areas for
military applications. Hence a further modification of the charging and discharging proce-

dures to suit the field conditions is called for. :

EXPERIMENTAL PROCEDURE

Investigations were carried out on a seven-cell series connected silver-zinc battery
(12V 20Ah) required to power a ground-to-air VHF wireless communication set. The
battery had the following specificational details : ‘ ‘ .

(¢). Seven 20Ah cells are connected in series to give'a terminal voltagé of 12V with
a spare cell in it. ‘

(#%) Size and weight' 220 X 110 X 119 mm, 4 kg (including the outer container).

(¢43) Battery is required to power a communication equipment for a minimum, period
of 4 hours continuously at the appropriate send/receive ratio before it requires

to be recharged.

T . B 4
e : CELL No.1 (i) The current consumption of W& is
8 i b NGt ~ - 4-6 amperes while transmitting,

| \ N ' 3-5 amperes while receiving.
10, (v) A send/receive ratio of 2 minutes

_ E to 10 minutes to an end point
9 1 S CELLNo. 2) voltage of 9-6V is required to
' determine battery life.
05 ~
. The above battery was assembled using
, : imported 20Ah cells ‘of same date of manu-
SN S SR W facture,to ensure proper matching.  The

HOUS ! battery was subjected to cyclic life tests of

ree and discharge to the programme
Fig. 3-—T7th Cycle discharge characteristics of 2. cell cha g bel . d g progr
battery at 2-00 amperes type H 20S Ag-Zn cells: given DCIOW .
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(t) Initial charge and dzscharge cycles {two cycles)—-—The mltlal cha.rgmg ‘wai carried
" out at 20 hour rate till all the cells showed 2.1V." The discharge was conducted

* at 10 hour rate; The discharge was stopped when the terminal voltage of any
one of ths cells dropped to 1-4V. This was ne@essary ‘80 that electrodes of each
cell could be fu].ly formed A
TABLE 1
DISCHARGE PATTERN oF INDIVIDUAL os:us(m Volts)
' No. of o opdeNelo
Hours o Cels = .
' 78 118 18 T 1s 178 1.78
1 1-70 3700 0 L1700 170 0 170 0 . L1700 1-170
2 149 1-49 . 1-49 1:49 149 - 1-50 1-49
3 148 149 1-40 148 1-48 - 149 1-49
4 1-43 1-46.  1-49 lidd . 1460 - 14T 1443
4 1-38 1443 1444 - 1-39 1-44 1-44 1-38.
5 : ‘ . : i
5%
R y e ) ycleNo20
No. of o S Cells.
Hours ey = — —
N | 2 3 4 5, 6 7
0 1-73 C 173 172 113 BT o Lm T 11
1 156 - 156 152 1-56 157 . 168 155
2, 148" - 1.48 S l48  148 147 0 149 147
3 I-46 146 .- 146 146 146 146 146 -
4 144 1:45 1-44 w144 144 146 145
B 1-38 142 . 142 1-38 141 1-46 1-38
’ : Cycle No 30 -
“No. of . L e } Cells
Hours - 3 - - -
: r 2 3 .4 ] 6 7
' 14 14 172 L 1ad L4 ‘113 1-€8
1 1-47 147 1-47 o 1-47 1-47. 1-48 o L-47
2 1-47 1-47 147 1-47 1-47 -1-48 1-47
3 1:46 147 147 0 147 1447 . 148 . 147
AR o144 144 144 1443 0 144 1-46 144
4 o PR T ‘
5. 1-41 . 142 142 0 14l 1-42 1-43 © 1440
5% IR Lo y ‘
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TABLE l—contd

Cycle. No 40

Cells

‘No. of

Hours

- N | 2 3 4 5 6 7
0 1-78 198 L8 L 177 1-78 1-78
1 166 1-66 . 1-66 1-66 166 1-66 - 1-66
2 D T3 B £%:1 I 151 1-51 1-51 1-51 ‘151
3 1-50 1-50 1-50 150 ° 1-50 1-51 . 1-81
4 1-48 1749 1:49 1-49 1-49 1.49 1-45 °
5.0 0 7 1457 T 1.46- 1-47 1-46 145 ° 1.49 146
53 1:40 1-44 1-45 145 1-43 143 1-43

. ~ Cycle No 50
No. of e ' © 7 Cells~
" Hours . - : -
1 2 3 4 5 6 7

9 S 1475 175 174 1-75 1-74 © 176 175

1 1-49 158 157 1449 . -~ 149 1-64 1+48
.2 147 147 14T 1:47 147 0 147 . 146
3 1-47 147 1-47° ° 1-47 1-47 1-47 1-47
4 - 1-45 1-45. 145 1-45 145 147 1-45
4 , o o

5 143, 1-43 1-43 . 1-43 1-43 1.43 1-43°
53 1-39 1-42 142 1-40 141 - . 1.4 1-41

™

(%) Charge cycle (subsequent)—'l‘he battery was charged at the 10 hour rate (2
amps.) till the terminal voltage reached 14—14.7V. The charging was discontinu-
ed when one of the cells reached 2-1V, This ensured that no cell was overchar- ‘
ged although the battery as a whole might not be fully charged.

(i11) Discharge cycle—The battery was discharged through fixed load resistances to
simulate the actual wireless set drain conditions ¢.e., discharge through 2-61
ohms for 2 minutes and 3-43 ohms for 10 minutes continuously, The dis-
charge of the battery was discontinued as soon as any one of the cells reached
1-4V. Thus discharge cycle ensured that no single cell in the battery conﬁgura-
“tion was driven below 1-4V which was a very safe limit to avoid the cell
reversal. However, such a recourse limited full utilisation of the rated Ah
capacity of the battery.

The duration of the discharge over a period of 50 cycles startmg from the fifth cycle
is glven in Fig. 4. The discharge pattern of individual cells. in the 10th, 30th and 50th cycles
-is given in Table 1. The average Ah input.and outputfoz the 50 cycles is given in Table 2,
The trials were suspended a,ft.el the 53rd cycle When one of the cells developed defects and
beeame uﬂservmeable. T
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DISC‘USSIQN :

" The followmg salient pomts emerged from an a.na,lysm of the above results :

(a) The T-cell battery system could.
-operate a wireless set for a mini-
mum of 4 hours for a life span
of 50 cycles. |

'(b) Asthe average mput was only of
the order of 18:3Ah, 915 percen-
tage capacity of the battery was-

-~ utilised, This na,turaﬂy kept the
end point voltage of the individual
~cell well above the danger limits
~ for cell reversal,

, (¢) The charging of the battery could

R T S SR S ‘ \be carried out using a field charg-
; Ne. OF Crcies L  ing set of the required capacity
Fig. 4—Curves showing lifein hrs. vs No. of S havmg facility to read charging
coyoles of Ag-Zn ba,ttery of TH 208 cells, : “currents and voltages accurately -

o
¥

3"

LIFE in HOURS

.

' TABLE, 2

. . ' -

’ INPUT,/OUTPUT' FOR EACH CYOLE UPTO OYCLE NO 53 WHEN ONE OF THE OELLS IN THE 3ATTERY FAILED

&
>

Cycle Input Output Cyelé  Tnpub Output Cycle Input Output

No. (in Ah)  (in Ah) No.  (inAh)  (inAh) -- No. (in Ah)  “(in Ahy
1 2 14 19 18 6 T 81 20 18
2 235 .16 20 -1 16 38 19 19
3 - 16 126 0 a1 18 39 185 18*
4 14, 12-5 - 22 19 16 40 185 18
5 12 . 12 23 18 18 41 185 18
6 16 13 24 15 365 48 16 135
7 4 13 B 19 16 43 19 16
8 14 13 e 18 16 4« 16 18
9 14 13 21 186 . 18 45 16 15
10 s 15 28 18 16 46 16 18
1n. 18 16 29 18- 165 47 1. - 15
12 L 13 : 3 18 . 16 48" 16 16
13 18 1645 31 Sle 16 49 . 19 16°5
14 ST 1645 32 18 16 80 . 18 1¢-5
15 18 16 3 . 16 16% 51 19 15
16 . 16 B 34 ETERCRENT S 52 17 16
17 165 1B 85 17 e 58 17 12
18

18 15 36 20 17




4

SUBRAMANYAN, Sana & Rao0: Aspectrs;bf performance of Silver Zinc Batteries / " 193

(@) Ita fully chafged battery is used with a wireless set, no attention is required on
it for a period of 4 hours. \ : / o

() The cell to cell discharge pattern of the 7T-cell battery throughout its 50 cycLé
life period was not varying appreciably from each other (4-80 mV). This is.
possibly due to the selection of cells of the same batch and date of manufacture.

(f) In view of para () and sufficiently high end point voltage limits for the WS per- .

* " formance (9-6V="17 x1-375), it is likely that no damage is bound to occur to the
individual cell in the battery, if its recharging state is determined by thsnon- -
operation of the wireléss set due to the battery voltage going down below the
specified end-point voltage limits for the set. This method of “battery end of
life determination’ is most suitable and desirable in field areas, This, however,
requires guavantee that the wireless set should cease to function satisfactorily
below an input of 9-6V. (In this particular case, it has been indicated that the
communication equipment will not function satisfactorily below an input of
9-6V). : '

MODIFIED CHARGE/DISCHARGE BBOCEDURE For THE 12V 20Ah SILVER-ZINe Bz_xmliY
Asa result of experimental trials and deductions, a modified charge/discharge pro-

cedure for the 12V 20Ah silver-zine battery in field areas is suggested as follows:—
C’karging procedure—Equipments

(i) A field charging set capable of delivering the required voltage and current.
(#4) Built-in facility in the charging set to read charging currents upto 0+5 ampere.
- (#1) A voltmeter reading upto 1/10th of a volt to check individual cell voltages.

Method of subsequent charging in field areas

The battery should be charged at the 10 hour rate till the terminal voltage while
on charge is 14—14-7V. The charging should be discontinued if any of the cells
reaches 2-1V, while on charge. ‘

Discharge procedure

A fully charged battery should not be used with a wireless set for more than 4 hours
when it should be taken out for recharging. If somehow it is not possible to do
80, the battery should be taken for recharging assoon as the wireless set fails
to operate satisfactorily, «

The above modified method of charging and discharging will ensure a good cyclic life
for the battery and will minimise individual cell failures. A further simplification of the -
charging procedure would be to investigate the suitability of constant potential charging in-
field roles. A suitable adapter to deliver a regulated constant charging voltage (say 2—
2+1V per cell) could be used with conventional constant current field charging set. The
cyclic life and the Ah output for the 7-cell 12V 20Ah battery system requires investigation
under different constant potential charging voltage to arrive at optimum conditions

DEVELOPMENT ON OPTIMISATION OF PERFORMANCE

The poor charge/discharge cyclic capability of silver-zinc battery system is still a
major problem faced by battery technologists everywhere. Two major objectives of
current battery research programmes regarding silver-zinc battery are longer life and
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more watt hours per Ib. - A recent paper

C/I;IRR NT PATH CURRENT PATH

. WHEN DISCHARGING WHEN CHARGING - shows the use of stabistor diode, which is a
CURRENT PATH QURING ———= == i ;
s roume . gemi-conductor connected across each cell, to

, Ko el e prevent overcharge and cell reversal. It is
ITAiTER %E T ANy fcomewrrow claimed that this system will greatly pro-
. A long the life of silver-zinc battery by pre-
conoycirace  venbing over-heating “and failure of indivi-
cgit. dual cells and consequent failure of the whole
{ L ? battery. In this case, a weak cell would be
s permitted to loat along until it recuperated,
‘ while the rest of the cells carried the load.
Fig. 5—Stabistor operating circuit used with a Fig. 5 shows the essentials of the stabistor
’ nickel— cadmium battery. operating circuit used with a nickel-cad-
mium battery for space application. ‘A’ is a stabistor diode with a well-ordered forward
conduction knee and a low dynamic impedance. As soon as the cell voltage reaches
1-45V-at T0°F, the stabistor prevents current from flowing into it while under charge.
" ‘B’ is a second germanium type diode with lowest possible forward - voltage break-over,
connected across each cell with the polarity arranged so that this diode is biased off when
the cell terminal voltage is nominal. If the voltage of the cell goes to 0-3 volts the diode
proceeds to conduct current around the battery cell thus preventing the cell’s reversal of
polarity. , ‘ \ :

CURRENT PATH .t
'WHEN CELL IS EXHAUSTED
DURING DISCHARGE

In the above system cell performsfwell, provided it is kept constantly cycling from
charge to discharge. If the charge is interrupted, the stabistor diode has a relatively high
back leakage which would tend to discharge the cell over a short period of time. This
tends to limit other application of the stabistor system at this time until stabistors with a
low back leakage are developed. Unless better and economical methods are available,
solution to the present problem has to be worked ovt on individual cases depending upon
particular application after actual trials as has been su ggested for 12V 20Ah battery system
in the specific role of operating a communication equipment. This is only a temporary
solution to the probiem as it suffers from slightly poor utilisation of the available energy
in a silver-zinc battery. A permanent solution would be to develop a silver-zinc battery to
deliver its full rated energy deneities without appreciable suffering in its cyclic life
under field usage conditions. ' '
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