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C522RAL DESCRIPTION OF THE KEH BATTERY

• >

Sne Reserve Jiaercury cell is the result of a large eiipcriijen-
tal program that was initiated early in 1962. Larce numbersJof dif
ferent designs of mercury cells were put on load and discharged >
under conditions simulating the multi-year drains encountered in use.
Thousands of cells were involved, and nany of these wore analysed
after discharge, including nany that gave good as well as poor pcrfor-
nar.ee. This work identified causes of premature ncrcury cell failure
under low drain conditions, and new designs were fabricated and tested
in ea effort to rectify the problems.

She major problem on low drain discharge with mercury cells was
found to be loss of capacity due to internal short circuits. As the
cathode discharges, it forms free mercury which is driven towards the
negative contact; given sufficient time, the mercury can form a
bridge between anode and cathode, shorting the two electrodes, and
dissipating the cell 's energy internally.

Eie second major factor on low drain discharge was found to be
loss of anode contact due to preferential corrosion at the inner cap/
anode interface, Discharge results in the build-up of a zinc o:d.de
deposit at the negative terminal, which, electrically, appears as an
increase in internal cell resistance. The resistance continues to in
crease until the cell is, for all practical purposes, an open circuit.
This is particularly noticable in a series string; here, this phenom
enon anncars to be greatly accelerated, with the weakest cell in the
string*finally opening the circuit, preventing the remaining good cells
from supplying any further power to the load.

A third -oroblcm that was identified was the migration of the zinc
reaction product within the cell. 'Quite often a crystalline growth of
zinc o::ide/hydro::ide, dendrites, was seen to have penetrated the sep
arator, increasing the liklihood of internal, shorting.

The standard separator used in mercury cells was found to be unre
liable for low drain use. This separator consists of a single wrap of
syrtporcj a porous polyvinylchloride with a rather large average pore
disaster, offering almost no resistance to particle migration within the

'ec l lo
- As. these failure mechanisms were identified, the system was re-
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&c^^.„& c0 -,s t0 nininize the effects of these deficiencies. ..s
tircVo-rcssed, one additional short coming continued to be Observcaj
-elf d'-char-e. It seemed that no matter what steps were taken to sa-
nrove "the cell, the system maintained a finite rate of sclf-disscharge
resulting in a time loss of capacity and, more important, a time loss
o f r e l i a b i l i t y . i '

2hc design of this new battery takes into account all of, the
Brooleas mentioned above. It is the result of several basic changes,
each of which was tried separately before being incorporated into -he
final cell.

•Z\c first major change was intended to correct the internal short-
± „ ,,-oblea. B* cathode was redesigned to include approximately^
'ilve-. "Z".c silver performs two functions: first, it increases -he
electrode's conductivity to a practical value; second, it amalgana-cs
t^c free morcurv as it is formed. This amalgum, much like the one con
tests use in filling teeth, is a hard solid. Since no free mercury -s
formed, internal shorts are practically eleminated.

In the standard mercury cell, the anode is a stack of several
cylindrical pellets, with the last pellet making the cells' negative
contact with the inner cap. This contact, as noted above, is highly
unreliable. The new cell has a metal sleeve that runs the length o,
the cell and is kept under compression. The anode is amalgamatca „0
the sleeve along its entire surface, and the contact is, in turn, amal
gamated to the inner cap. This device has proven very successful.
Standard mercury cells become an open circuit when discharged; the new
cell becomes about a 200 ohm resistor. .

In addition to these major changes, several other things have been
do-c Ems separator has been markedly increased: a double layer, ncau-
-calcd section of synpore has been placed next to the cathode; and a^
aingle layer of a much smaller pore diameter material has ocen placca
nc*-fc to the anode. This increased separation, while increasing -n.crr.ai
-c'^ancc is much more stable t<3 attack by dendrites and clcc-rolo-e.
The electrolyte has been changed from potassium hydroxide to the less
reactive sodium hydroxide. This simplifies the zinc side oi the cell,
and reduces both leakage and self discharge - this also raises internal
resistance and reduces low temperature performance.

Finally, the cells are manufactured in the dry state, that is, with
out electrolyte. In this state there is negligable deterioration; t..us,
the cells may be stored for many years without fear of losing capacity or
reliability. Shis docs mean, however, that the cells must be activated
p>-ior to use, and that this operation must be properly accomplishes if
the cells are to be expected to perform reliably.
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UW3-301 DATA SHEET
"A" Reserve Cell

..

Vw I

l .947±.00>

Y_
.197 NO.V.

* t a -

"4-1

.i>l(, DIA ±.003

-.558 DIA £.0005

1.874 ±.00t

V
r"~~~j

K — >

c

i j

DIAISTER: 0.625 inches

HEIGHT. : 1.095 inches *

HEIGHT •: 1.5 ounces

VOLUME : Cylinder O.65 cubic
inches Rectangular
solid'C.Gl cubic
inches

VOLTAGE : nominal 1.35 **

CAPACITY: 3.1 am?erc hours at
93O oh-ms

MXBIKDM LOAD: SO ohms (about
. 16 2b)

* HOTS: Rot counting scaling
serin/ which adds . .
0.120 inches to heigh*
See diagram

' *#R0TE: Initial voltage 1.50

.430 DIA RtF

ACTIVATION PROCEDURE

Ml activation requires bcttreen 3.0 and 3-5 cubic ccn^r-e.crs ox
electrolyte. The cell is evacuated prior to the addition Ox -he clcc-
■fet«l«te She electrolyte port is sealed by means of a nylon sere::.
C'c cell should be left to stand at least one hour before use. Ckccx-
SS P rocedu re i s t he fo l l ow ing : open c i r cu i t vo l t age J?^ ~ *
1.35V on a good volt meter, load voltage where R equals 315 ohms snould
exceed 1.20V

R Ohms

TBTr
153.0

Avg. T. (Ilrs. to
1.0 V)

176.60 - I3T76
379.60 i 15.30

Avg.' Cell Cap. Amp.-Hrs.
To •

1.2V 1.1 V 1.0 V 0-9 V
2T1B
2.67

2.90
3.11

2.92
3.12

"2T9T
3.13

Uatt-Krs.
to 1.0 V

3loT"
3.90

Uatt-Rrs/cu
in. to 1.0V

IF-,00
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X O h m s Av g . T. ( l l r s . t o
1.0)

316.0 767.22- 12.16 3.15 3.15 3.22
931.0 2213.^- 84.13 3.09 3.09

1870.0 4329.72- 324.86 3.00 •3.09 3.09
371JO.O 8245.52=1155.47 2.86 • 2.86 2.87
3620.O 13399.20- 434.83 3.09 3.09 3.10

Avg. Cell Cap. Amp.-Krs.
To

1.2 V 1.1 V 1.0 V 0.9 V

3.16
3.09
3.01
2.87
3.10

Uatt-ILrs.
to 1.0 V

4.02
3.86
3.76
3.59

.3.83

^att-ILrs./cu
in. to 1.0 V

6.18
5.94
5.T3
5.52
5.97

1■:
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UHB-302 DATA SIEET
"C" Reserve Cell

| A.JOOIOd3X
.. ^
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\.£,l=>Z.0Ol

170 MCM

J .55 '<. D!A±.003 j—t—

-sjj.915 dia ±.0005 H—

DIAMETER: 1 inc-

EEIGHT

WEIGHS

VOLUME

2 3/4 inches "

4 ounces

Cvlindcr 1.33 cubic incl
vw+aiyyular 'solid 1.7^
cubic Inches

VOLTAGE : ITor^nal'l.S? """

CAPACITY: 5.7 ampere hours at 475 '

MXTOHQU LOAD: 40 obas (about 35 ml
aiT>s)

*KOTE: Hot counting scaling screw
which adds 0.120 inches 00
height . See d iagram.

-a-x-XOTE: Initial voltage 1.50

650 DIA REF

• .

B Ohms

1:0.2
So. 6

158.0
475.0
953.0

1910.0
2870.0

ACTIVATION PROCEDURE

P ^ a c t i v a t i o n r e h i r e s b e t w e e n 7 . 5 * * W « g * £ % * £ ^ '
e l e c t r o l y t e T h e c e l l i s ™ ^ J ^ " ^ ^ Z ^ s c r e w .
trolyte. The electrolyte port is se^dby.f^ur before use. She cell
T h e c e l l s h o u l d b e l e f t t o ^ * ^ J £ ^ £ ^ S O p e n c i r -

a j c t - A H - c A v i - ^ w „ . , „ r , „ v . , « w n m o d v o l t m e » , e .
c u i
l eaA voltage where R equals 158 should exceed 1.30V.

Avg. T. (Hrs;
1.0 V)

t o

165.52 -

700.43 ±

11.41
13.64
14.83
67.80

115.36
2037.32 *
4203.52 -
7599.20 i 3002.42

11251.44 t 2152.76

Avg. Cell Cap.
To

1.2 V 1.IV 1.0 V

Ariip.-llrs.

0.9 V

5.26 5.35
5.71 5.77
5.71 5.73
5.69 5.70
5.72 5.73
5JA 5.16
5.03 5.08

5.33
5.78
5.76
5.71
5.73
5.17
5.10

5.42
5-79
5.79
5.72
5.74
5.19
5.11

Watt—Hrs.
to LP v

6.72
7.22
7.20
7.14
7.16
6.46
6.33

Hatt-Hro/cu.
in. to 1.0 V

4.87
5..iw
5.22
5-17
■5.19
4.68
4.62

■ »«W<—■■«■ m
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UWB - 303 DATA SIGHT
'D1 RESERVE CELL

DI/vI-ETER: 1& inch.c:

HEIGHT

WEIGHS

VOLUME

2 3 /3 inches *

8 ounces

Cylinder 2.72 cubic -
i r.ch.es. Rectangular
sol id 3.56 cubic
inchps

VOLTAGS : luminal 1.35 **

E.l8?i.003 CA?i\CITY: 11.6 amerc hours at I
equal 260 ohms .

1GKQS8C LOAD: 21.5 ohms (about 6<
n i l l i a m p s )

* • HOSE: Not counting plunger
which adds 5/3 inches to heig:
See diagram. .

• •«* HOSE: In i t ia l vo l tage 1 .50

ACTIVATION PROCEDURE

Plunger act ivated. After the plunger is" released the cel l
should be placed on its side foaew 24 hours. The checkout pro
cedure is the following: Using a good voltmeter the open cir
cuit voltage should exceed 1.35V-, and the load voltage wnere R
equals 87 ohms should exceed 1.30V.

R Ohms

21.5
43.2
8 6 . 6

261.0
528.0

Avg. T. (Hrs.
1.0 V)

1^6.co - p. i'o
152.84 - 19-84
752.84 ±18.27

2331.52 - 29.90
4632.92 * 36.00

Avg. Cel l Cap. Amp.-Hrs.
To

1.2 V 1.1 V 1.0 V
"8T5B'

T,To-f--f*-",~n

to 1.0 V

12.30• 13.81
14.69
15.09
15.13

W&tt-Hro/c'u
in. to 1.0 '

•:-.3o
4.88
5.19
5-33
5.35

■ :.
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UW3-304 DATA SHEET
DD RESERVE CELL

.

■

i

1 7/8 inches

2-j1.- .inches

1 3 o u n c e s

Cylinder 6.21
cubic inches

\ retar.gular
solid 7.94
cubic inches

I'ominal 1.35
HOT?.: Init ial
voltage 1.50

25 ampere hour:
at 115 ohms

MHOKDM LOAD: 10 ohms

ACTIVATION PROCEDURE

Tne screw is tightened into threaded cap. Cells should be
aVLowed to lie on their side for 24-hours. Check-out, using a
STwl^eter, V-open circuit Jfecnfld exceed 1.35V; ana the -
%£*£: «■ ninute after connection to 33 ohms shoula exceed
1.30 V.

load

R Ohms Avg. T. (Hrs. to
1.0 V)

i70.60l17.05
JOp.«JO—LJ-._,P
771.88*29.29

2^27.47-29-56
4617.20-36.65
9173.76±55-71

Avg. Cell Cap,
To

1.2 V ■ 1.1 V ■
22.00 24.74
24.19 25.84

-25-; 58-^26.-35-
26.49. 26.67
26.39 26.49
26.27 26.31

, Amp.-Hrs.

1.0 V 0.9 V
25.54 26.33
26.78 27.40
-26783—27722-
'26.73- 26.81
26.56 26.59
26.3.4 26.42

to 1 .0 V

31.92
• 3 1 J , Q

3j.---°
33.20
32.92

Watt-Irs/c\. •
in. to 1.0 V

5. 14
5. 39_. .. 5. 41
5. 39

'5. 35
5.30
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