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Sealed Nickel Cadmium: Cell System is termed till today as the most rcliable power
pack for electronic apparatus, specially in low temperature use. Tbis paper brings
out the development and production of sealed nickel cadmium cells of pocket plate
construction. The author who has gained reputed experience in production of Ni-Cd
cells in Bast Germany, discusses also the Major problems faced by the battery
manufactures of to-day.

In 1899, Jungner!, discovered and took patents on Ni-Cd-cells. Since then a consi-
derable work has been directed in order to explain the phenomenon related to Ni-Cd.
system. During these experimentations several important properties of Ni-Od cells have
been brought to light. But till today, the different types of reactions which oceur in
positive and negative plates of a Ni-Cd cell, during charging and discharging, have not
been fully explained. The most modern development is sealed type cells. When one
studies the reactions in a vented Ni-Cd cell, it seems impossible to operate it in a hermeti-
cally sealed system. That is why a study of the development of sealed ¢-Cd cells is very
interesting.

In order to understand the development of a sealed system, it is worthwhile to note
the chemical reactions in an ordinary vented type cell during charging and discharging:
In an ordinary Nv-Cd cell of pocket plate construction, the positive plate is of Ni (QH),
with powdered graphite and negative plate is of Cd (OH), with powdered iron. The two
plates are separated by a porous non-metallic separator. The electrolyte is KOH of density
1-20—1-30 gm/em3. It has been generally agreed that during charging the positive elec-
trode undergoes oxidation and the negative reduction. During discharging the positive

_electrode undergoes reduction and the negative, oxidation. The transfer of oxygen (or
hydroxyl-ion) is carried out by the electrolyte and the electrolyte nearly does not take
part in the chemical reactions occurring in positive and negative plates during charging
and discharging.

A close study of the reactions occuring in positive and negative electrodes during
charging and discharging reveals that :

(a) Positive electrode
Charging
2N; (OH)y + 20H ————> 2N: O (OH) +2H,0+2e 1)

D ]

Discharge

Glemser and Einerhand? believed that during charging first N0, X H,0 is formed
which is a very unstable compound. Therefore it immediately reacts with Ni (OH), to
form NiQ (OH). This reaction is purely chemical in nature and, therefore, no extra charge
is necessary for this chemical reaction. '
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During discharging, N+O (OH) is first reduced thus :

9 Ni O (OH) + Ni (OH), - Ni, 0,(0H), | @)
Nty 0, (OH), is then further reduced thus: SRR '
Ni;O, (OH), +-2H™* + 2¢~3 Ni (OH), ' (3)

Glemser & Einerhand? have shown that (2) and (3) give rise to a two-step discharge
characteristic curve for the positive plate as shown in Fig. 1

Other scientists headed by Falk® believe that during charglng, NiQ,is not at all formed
atthe positive electrode and that only 8 N70 (OH) is produced. Falk® could not find traces
of Ni, O, (OH), during discharging of the positive plate by X-ray investigation and, there-
fore, opined that the step characteristic of positive electrode is not due to the formation of
Niz0, (0H), given by (2) and (3), but by oxygen absorbed by the N’l (OH),. .

LB

(b) Negative electrode .
, Char ing .
Od(OH)2—|—2e—-————> Od—|—2OH (4
<
Discharging
Therefore, the total reactions in a Ni-Cd system is obtamed by summation of
(1) and (4)
Charging E :
2 Ni (OH'y + Cd (OH)y ————— 2NiO(OH) +Cd +2H,0 (5
< :

Discharging

Let us now find out the emf of a fully charged Ni-Cd system. In this case the chemical
reactions given by (1) and (4) are written in a slightly modified form as shown below :

Reduction Oxidation _ o

Ni (OH), -+ 2 (OH)->Nz02+2H 0049V (6

solid solid o

Cd +20H - Cd (OH),—0-815V , R
solid solid - ’ . ,

+0.160 Substractmg A7) from (6) and rearranging

e get :
+0.08 we g

. Ni(OH), + Cd (OH), > Nt O;
0.001 +Cd+2H,0+ 1306V (8

- 0.08}

E-KALOMEL

AMPERE
~0.16
—0.2 (8) shows that at the end of charging, the
o S e.m.f, at the terminals will be approximately
S WO 2 1 i 3 " 3 ) 1 . 305V-
0 2 % & & 10 12 % 16 18
2607 1N HIN As the charging of a Ni-Cd cell proceeds,

- Fig. 1—Discharge characterisctic of B-~Ni0 (OH) ab the rqactlons_m positive and negative p]ates
different rates of discharge. areslightly diffegent :
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In the positive electrode
2 (OH) - 1,0, + H, 0 + 2 Y

In the negative electrode
OH,0 +2¢ - 2 (0H) + HY S (19

It is observed from (9) that O, is evolved during charging of the positive plate. It is
also seen practically that when a cell is charged to approx. 60 per cent of the nominal
ampere hour capacity, O, is evolved at the positive electrode. When the cell is charged to
90—95 per cent of the nominal ampere hour capacity, H, is evolved at the negative elec-
trode which can be explained by (10). As the cell is overcharged, O, and H, are both
evolved more and more, For vented type cells these gases are automatically expelled and,
therefore, a considerable loss of charge occurs. - That is why a vented type cell shall be
charged to 150—160 per cent of the nominal ampere hour capacity in order to get a 100
per cent capacity discharge from the cells. Fig. 2 shows charge and discharge characteris-
tics of a vented type N¢-Cd cell of pocket plate construction. ‘

‘The discovery that O, at the positive electrode and H, at the negative electrode could
be recombined to get back H,0 led to the development of a sealed Ni-Cd system. Many
attempts have been made to bring a recombination of these gases in a cell by using :

(@) An electrically heated platinum wire in the cell as patented by Edision’.

(b) A special auxiliary electrode in the cell as patented by Tichenort.

These methods were, however, only partially successful. In 1938, Large, ete. found
that all the O, evolved at the positive electrode during charging was not expelled through
the vent plugs of cells, but a greater part of it was absorbed at the positive electrode

i, DURING CHARGING

2,3.4, DURING DISCHARGING
DIFFERENT RATES

TERMINAL VOLTAGE [N VOLTS

T/ME 'N HOURS

Fig. 2—Charge and discharge characteristics of & Ni-Cd vented type cell of pocket plate construction.
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This O, could be utilised to react with already reduced Od of the negative plate to form
Cd (OH),. That is why a vented ¥i-Cd cell, when discharged immediately after full charge,
gives better capaocity than that obtained from the same cell after a few hours of storage
before discharge. But H, evolved at negative plate can never be employed successfully,
This theory led to the development of a sealed Ni-Cd system. However, lack of suitable
separator material delayed its production. Finally in 1948, New-mannt of the Bureaude
Technique Gantrat filed two patents covering the following three most salient require-

~ ments in a sealed Ni-Cd system : (@) an excess of negative active material (b) a minimum of
electrolyte and (c) a gas permeable separator. , :

- Edcess of nagative acitve material

Let us now discuss in more details the use of excess negative active material in sealed
Ni-Cd cells, : :

It has been already stated that when a cell is charged approximately 60 per cent of
the rated capacity, O, is evolved. H, is not evolved till the charging of negative plate is
90—95 per cent of the capacity of negative plate. If positive and negative plates of similar
capacity are used in a cell, H, is evolved when the cell is almost fully charged. This evolu-
tion of H, is not desirable as already explained. But if a negative plate having a
charge acceptance capacity of 50—70 per cent more than that of the positive plate is
used to make a sealed cell, on charging the same (the positive and negative plates are separa-
tely formed before assembly) only O, is evolved and not H, at any stage of charging. When
the cell is over-charged, 0, of the positive plate reacts with already reduced Cd of the nega-
tive plate forming Cd (OH),. Therefore, the negative plate is never fully charged; instead
a reserve negative active material is invariably found in it (Fig 8). As a result, the end volt-
age on charge of a sealed cell always rémains constant even if the cell is over-charged
Fig 4, and Figh illustrates the discharge characteristics of a sealed button cell.

- Menimum of electrolyte

Let us calculate the quantity of electrolyte required for a satisfactory functioning
of a sealed Nickel-Cadmium cells. ~Consider a sample cell (see Fig. 6) for this purpose.
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‘Fig. 3—Reserve Cd (OH) 2 in negative plate. Fig. 4—Terminal voltage during charging of a sealed
button cell at 10 hour rate,
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- Let K ;thickﬁess of electrodes (positive) in mm

and

¢ = mean distance between two electrodes in mm

o= capacity of electrode (positive)/vol z.e. in Ah/mm?

« = electrolyte volume/capacity of positive electrode in mm3/Ah
k = porosity factor for separator.

, ' ' e o 7
Then E T 2%
‘¥ is given by :
Vop— Vs
k Vo
where V7 = Volume in between positive and negative electrodes in mm?
Vs = Volume of separator material in mms3,

When density of separator material is ‘D’ and weight of the separator is ‘W’ -
then Vs = W/D mm?

B — Ve —W/D

;= Ve
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(11)

(12)

(13)

(11) and (13) give the minimum quantity of electrolyte required in a sealed cell,

Separator material

TERMIRAL VOLT&GE 0% D1SCHARGE iN vOLTS

A good separator material in a Ni-Cd system should be :

(@) A very good absorber of electrolyte (i.e. KOH). It hasbeen already shown that
a minimum quantity of electrolyte is required for a proper functioning of N¢-Cd
sealed cell. Therefore, the separator used in the cell must absorb the elec-
trolyte required for the cell. If by any chance, there is an excess of electrolyte,
in the cell in the form of liquid, it may partly or completely submerge the nega-
tive plate, and thereby prevent 0, evolved at the positive plate during charging
of sealed cell, to react with Cd of the negative electrode. Thus, O, is not
absorbed and if prolonged overcharge is continued H, may be evolved. The
pressure due to O, and H, may increase to cause a rupture of the cell’s body.

1.4t ) .

L \ SEPARATOR ' NEGATIVE PLATE
1.2

'.’A\\\\\\\\“\-\\\\\~“\\\\\\\\ =~ _2;J'XJ|0 N / .

10 30 50 70 90 100

PERCENTAGE CAPACITY

g. 6—Discharge characteristics of asealed button

cell at different rates of edischarges, Fig. 6—A sample cell
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(b) perfectly non-reactive with KOH of the cell
(c) gas permeable; should also have no reaction with 0, & H,
(d) durable and sufficiently tough

, () able to Withsfand sufficiently high temperatures.

These qualities can best be seen in woven nylon cloth and, therefore, it has been
accepted as the standard material for separator in sealed Ni-Cd cells.

Ni-Cd SEALED CELLS

At present three types of Ni-Cd sealed cells are produced: (a) Button cells
(b) Rectangular cells, (c) Pentorch cells. Fig 7 shows different types of ‘Button’ and ‘Rect-
angular’ sealed cells manufactured by Grubenlampenwerke-Zwickan GDR. These cells
can use sintered plates or pocket plates. Let us discuss the construction of a button type
sealed Ni-Cd cell of pocket plate construction (Fig 8) manufactured by Grubenlampenwerke
Zwickan GDR.

Button cells

A normal button cell has the following parts : (s) positive electrode—Ni (OH), with
graphite and a little quantity of cadmium is
used as the active material for the positive
plate. The reason why graphiteis used with
Ni (OH), is that Ni (OH), has very high
internal resistance and the use of graphite in
Ni (Of), brings down the internal resistance
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Tig. 7—Button and Rectangular sealed cells. Fig. 8—Internal construction of a sealed button cell.
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of the positive plate to a very low value. The internal resistance of a Ni-Cd system
should always be very low so that higher currents could be drawn from the cell causing 2
very slight internal voltage drop.

(1) Mode of manufacture—Powdered Ni (OH), with powdered graphite is pressed by an
automatic press into round buttons. Nickel wire mesh is used under pressure to enclose
the button. When two or more positive plates are used in a cell, nickel lugs are spot-
welded over the nickel wire mesh.

(1t) Negative electrode—Powdered Cd (OH), with N¢ powder is used as the negative
active material. N3 in the metallic state definitely increases the conductivity of Od (OH),
but Cd (OH), itselfis a very good electrical conductor. Modern research goes to show that
if powdered Cd (OH), alone is used as the negative active material, during charge and dis-
charge cycles, fine Ca (OH), particles tend to combine into a bigger mass and thereby
the surface area decreases. This gives rise to an increase of internal resistance of the nega-
tive plate. When Ni powder is used, it practically acts as a boundary wall between
Od 'OH), particles and thereby prevents fine Cd (OH), particles to combine into a bigger
mass. .

Mode of manufacture—As in the case of positive electrode, powdered Od (OH), with
Ni powder is pressed by an automatic press into round buttons. Fine Nickel wire mesh is
used under pressure to enclose the button. 'When two or more negative plates are used in
the cell, nickel lugs are spot welded over nickel wire mesh.

(114) Separator—Woven nylon cloth is used as the separator.

(iv) Cell body—Nickel plated steel containers are used for housing the cells,

FORMATION OF CELLS

Vented type cell—In the case of vented type Ni-Cd cell, the positive and negative plates
are assembled in the cell container; proper separator is used in between the two plates of
opposite polarity; the cellis charged after pouring in the electrolyte and discharged before
it is sold. But in case of sealed cells, positive plates and negative plates may be separately
formed before assembly. During formation period, positive and negative plates are charged
and discharged separately against standard electrode in polysterene case containing excess
electrolyte. Both these positive and negative electrodes (buttons) are fully discharged before
assembly. ‘

Ni-Cd bution cell—The positive electrode fully discharged is placed directly in touch
with the bottom of the cell container. Single or double layer of separator, wet with KOH
of density 1-20—1:30 g, /c3 is placed over the positive plate. Then negative electrode
fully discharged is placed over the separator. A spring plate is then put on the negative
button electrode and the cover is placed over it. The cell is finally sealed with non-metallic
insulator under pressure, Thus a sealed nickel cadmium button cell is formed as
shown in Fig 8. '
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CELL FAILURES

Although sealed Ni-Cd cells have more advantages than disadvantages, yet these dis-
advantages cannot be totally ignored and modern research is directed to eliminate them.
Therefore a detailed mention of the major problems in a sealed cell is very necessary.

The essential problems are :

: (@) Difficulty in sealing—The difficulty in perfectly sealing a cell is very common

P =
& 8 8 &

among the battery manufacturers. When the cell is not fully sealed, O, evolved
at the positive electrode during charging leaks .out Thus, when the cell is
overcharged, H, evolved at the negative plate also leaks out. These O, and
H, are formed by the electrolysis of H,0 of the electrolyte. Therefore, the cell
rapidly losses. H,0 of the electrolyte and gets dried up. This cell cannot
be discharged as the internal resistance of the cell is very high. This type of

. failure is very common and is termed as “Failed open’ category®.
P gory

(b) Higher self-discharge in sealed cells—The self-discharge in a Ni-Cd cell is due to

two major factors : (¢) the major portion of 0, evolved at the positive electrode
during charging invariably reacts with Cd of the negative electrode., However,
a_considerable part of it is absorbed inthe positive electrode or electrolyte.
When a sealed Ni-Cd cell is stored after a full charge, the O, absorbed at the
positive electrode oxidises the (d of the negative electrode and thereby makes
the negative plates less negative and for the positive electrode becomes less
positive. Therefore, this chemical reaction during open circuit storage of a
cell causes a self-discharge of the order of 25—30 per cent of the rated
capacity of the cell. This self-discharge occurs within a very short time. (41)

. Thisisdue to the local action in a sealed cell. Dueto the factor sealed cells, spe-

cially smaller ones, have much higher self-discharge than the vented type. Fig 9.
gives a self-discharge curve of a DEAC Button cell”. In a sealed cell a thin
deposit of KOH is always seen at the joints in between the inner cell container
and the top lid. Therefore, a small current always passes from positive elec-
trode to the negative electrode through this thin layer of (KOH) electrolyte.
H, and O, are evolved. O, always reacts with negative electrode, but H, is
collected in the cell. Thereby exerting pressure it may become sufficient
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Fig. 9—Selfd ischarge curve for a DEEC cell. Fig. 10—Stabistor operating oircuit used with a nick-

el cadmium battery : (a) current path during
change when cell becomes fully charged, ()
current path when all is exhausted during
discharge.
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to cause a rtupture of the cell. Although modern research shows that H,
collected inside the cell polarises the positive electrode and the leakage current
reduces, yet the self-discharge already- taken place before polarisation is
~ quite considerable.  Although self-discharge due to this factor is very high
in case of smaller cells, it is considerably reduced by using better insulator
in between the cell container and the top lid. In the case of vented type cells,
self-discharge due to this factor is almost negligible. ' :

(¢) Reversal of polarity when a number of sealed cells are used in series—During dis-
charge of a battery, one or more cells quickly discharge. The discharge current
from the cells charges these faulty cells in reversed polaritys. This makes the
battery unserviceable within a very short time. However, germanium diodes
can be used in parallel with each cell to stop cell reversals (as shown in Fig 10)
but this makes the battery very costly and, therefore, cheaper methods should
be explored. B '

PISCUSSION AND CONCLUSION

Sealed Ni-Cd cell is considered to be the most reliable power pack for electronic
apparatus, particularly for use at low temperatures. These cells can be overcharged or over-
discharged for a long time without causing any injury to the cell. Being sealed, these cells
lose no water of electrolyte and, therefore, regular electrolyte checking is unnecessary.
There is no risk of the evolution of corrosive spray during periods of over charge and the
concentration of KOH electrolyte remains practically invarient. Also since no space is
required for free electrolyte, the electrode groups can be enlarged to fill almost the whole
of the cell container thereby giving a higher output per unit of cell volume. ‘

Tt is worthwhile, however, to note that the advantages in the sealed Ni-Cd cell more
than offset the defects in it and that is why thé'sealed system has become so, popular in the
scientific world.
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