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ARTICLE INFO ABSTRACT

Nickel–Cadmium batteries of fibre structural electrodes provide worldwide technological
advantages, which are responsible for the beginning of advancement in Ni-Cad batteries.
Nickel- Cadmium batteries consists of two electrodes:

1. Positive electrode.
2. Negative electrode.

Positive electrodes are manufactured by electrochemical impregnation process. In the
process of positive electrode manufacturing for the effective utilization, additive materials
are introduced. Their performance has been identified. From the above reliable
information’s we have arrived the best performing electrodes and it’s working.
Scope of Research
This study aims to improve the performance of electrodes by enhancing charge acceptance and
stabilizing capacity by using suitable additive.

INTRODUCTION
A Battery is a device, which converts the chemical energy present
in the active material into an electrical energy by means of an
electro chemical redox reaction. Even though “Battery” is a term,
which would be, a basic electrochemical unit referred to the cell.
Battery consists of one or more number of these cells connected in
series depending upon the application and requirements. Based on
the electrochemical reactions that arise in batteries are divided into
primary, secondary and reserve batteries. In primary batteries, the
reaction mechanism is irreversible. So they are discharged once
and discarded. In Secondary batteries, the reaction mechanism is
reversible and hence it can be recharged after discharging. Thus
these are used as energy storage devices. Reserved batteries
cannot be recharged but is capable of having long tern storage. In
this type the electrolyte is stored separately up to the time if actual
use.

Historical Development of Nickel-Cadmium Batteries:  (Ni-
Cad)

Nickel-Cadmium batteries are most popularly used secondary
batteries in which alkaline substances like KOH is used as
electrolytes. These types of batteries are used in heavy-duty
industrial applications also. Higher energy and high power density
can be obtained by using Nickel foam. Sealed types of cells are
available in prismatic button and cylindrical configuration and are
used in consumer and industrial applications. In 1881,Felie De
lahande and George Chaperson prepared a cell, which could be
called the first alkaline cell. It was a primary cell, which has
Copper Oxide as positive electrode and Zinc plate as negative
electrode and KOH or NaOH as an electrolyte. In 1900 Edison
substituted for Zinc to prepare a reversible cell by the elimination

of soluble Zinc material. In 1910 Waldmer Junger inferred that
Ni-cad and Nickel- Iron combination provides a valuable energy
by giving a chemical reaction of the above system.

NiO2 + 2 Fe (OH)2 + H2O                    NiO + 2 Fe (OH)3

NiO2 + Cd NiO + CdO

Which have been satisfies today’s values. In 1901 Junger
modified on above system, prepared cells by Ni (OH)2 as positive

electrode and Cadmium and Iron sponge as negative electrode
was successfully satisfied all. Since the advantage of Ni-Cad
batteries give more and more technological advantages. Relatively
cheap when compared to Silver electrodes the Ni-Cad cells found
in various applications that has large capacity.

Fibre Technology of Ni-Cad Cell

The electrode design is the form of a fibre matrix into which the
active material is embedded. This type of construction ensures
that even the smallest area of active material is in contact with
conducting metallic fibers so that high current can be drawn with
good voltage characteristics. The nearness of the non-woven type
conductive matrix aids in conductivity enhancement compared to
a metallic grid- type sintered plate technology. In addition to that,
when using FTNC cell and continuous discharge the voltage drop
is much lower when compared with conventional cells.

Manufacturing Process of Elecrodes

The electrode contains the electrochemical active materials; the
capacity of the electrode depends upon the size and the
construction of electrodes. Two different types of electrodes are
manufactured for the Ni-Cad aircraft batteries. That is as follows:
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 Sintered plate electrode.
 Fibre plate electrode.

Sintered plate electrode

These Sintered plates are widely used from the high utilization of
the active material and also it is suitable for high rate discharge.
The above both features are occurred by the close contact between
the active material and the current conductivity substrate and also
that the surface of the electrode is not partly covered by the
conducting material. Thickness of electrode after Sintering is in
the range of 0.5 -1.0 mm occurred.

Fibre plate electrode

These are more efforts have been made to replace the fairly
expensive Sintered electrodes, the composite nickel electrode
have been prepared. For this preparation Graphite fibre material
are coated with a layer of thickness of 0.6-0.8 mm. Then welded
to a thin nickel grid. The complete plate is impregnated by
Electrochemical impregnation process. The main advantage of
this electrode is that, is lighter than the Sintered type.

Electro Chemical Impregnation Process

In this process both fibre structural plaques and sintered type
plaques are used as cathodes. Nickel anodes or insoluble inert
anodes (Pt electrode) are used as counter electrodes. In this
process the reduction reaction is achieved by passing cathodic

current. The temperature is maintained at 60-80
0
C and pH is

around 3-4 because these are the factors that influences the E I
process. The conversion process is just similar to that carried out
for impregnation. During this conversion process the Nickel
plaques are kept under anodic condition in KOH solution. This
would empower Nitrate ions, if absorbed and diffuse into KOH

solution and any unleached NH4
+ ions remains inside the pores to

be leached away in KOH .The Hydroxide form helps to be
converted battery into an active form.

Electrochemical Impregnation Of Positive Electrode

When Nickel plaques dipped in Nickel Nitrate solution, this
solution being always in circulation. The pores are filled with Ni2+

ion nitrate ions. When the current is passed across the cell, the

nitrate ion is reduced to NH4
+ ions. H+ ions are consumed when

the reaction takes place. This consumption of H+ ions as decisive
for the impregnation of the porous Nickel plaques with Ni (OH)2
and H2O.The pH value of the electrode is kept constant value.

The discharge of H+ ions at the zone of diffusion of the cathode.
During the Electrochemical impregnation, Oxygen is evolved at
the anode as a result of oxidation. During the conversion process
the Nickel plaques are kept under anodic condition in alkali
solution. That is as follows:

 Ni (NO3)2 if absorbed, becomes oxidized to Ni+(OH)2
and H2O. The Nitrate ions that are liberated are diffused

into KOH solution.

 Unleached NH4
+ ions present inside the pores to be

leached away into KOH.
 Ni (OH)2 and H2O to be converted into the battery to an

active form.
The voltage of cells during an hour of EI (Electro Chemical
Impregnation) process is normally lies in between the range of
2.5-4.8V. The cell voltage generally increased slightly during the

EI process in plaques. The deposition rate of active material
amount is extremely good into porous fibre plaques.

Reaction Mechanism of Positive Electrodes

The nickel ions are charged and discharged in crystal lattice. To

preserve electrical neutrality corresponding number of H+ ions
must migrate into the crystal lattice, during the reduction

discharge of Ni 3+ or Ni4+ions. When the Nickel electrode is
oxidized these protons have to leave the crystal lattice.
The reaction of positive electrode can be represented as follows:

2NiOOH + 2 H2O + 2e- Ni (OH)2 +  2OH-

Electrochemical Impregnation of Negative Electrodes

Cadmium Nitrate, salt of cadmium is generally used for this
process. The reason is the higher co-efficient of utilization of
active materials are obtained. So theoritically 75% of capacity can
be obtained at 5hours rate of discharge. Instead of Cd (NO3)2,

acetate chloride and sulphate solution are giving 50-60% of result
in co-efficient. At the end of EI process the active material inside
the pores of the plaques are present as Cd (OH)2. Cadmium ion

reacts with hydroxide ion formed at the cathode by the reduction
of H2O and Nitrate ions are diffusion from the electrolyte.

The reaction is as follows:

Cd2+ +   2 OH - Cd (OH)2

Cd2+ +   2 e - Cd

Cd (OH)2 +   2e - Cd +2OH –

After conversion process all plates are dried in an air-circulating
oven. During the drying operation the finely divided metallic
Cadmium is oxidized to Cd (OH)2 .

Reaction Mechanism of Negative Electrode
The metallic cadmium represents the charged condition. Divalent
cadmium ions represent the discharge condition. Cadmium is
dissolved but is precipitated immediately as Cadmium Hydroxide
because of its low solubility in alkaline solution.
The reaction is as follows:

Cd  +  2 OH - Cd (OH)2 +   2e -

Cd (OH)2 Cd2+ +   OH –

The overall cell reaction of Nickel-Cadmium batteries can be
written as,

2NiOOH + Cd + 2H2O + 2e - Ni (OH)2 +  Cd (OH)2
(Charged )                                                        (Discharged)

Flow Chart of Electrode Manufacture
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Terminology

Ampere –Hour capacity

The quantity of electricity measured in ampere – hour (Ah) which
may be delivered by a cell or battery under specified conditions.

Battery

Two or more electrochemical cells electrically interconnected in
an appropriate series / Parallel arrangement to provide the
required operating voltage and current levels. Under common
usage, the tem “battery” is often also applied to a single cell.
Capacity

The total number of ampere –hours or watt-hours that can be
withdrawn from a fully charged cell or battery under specified
conditions of discharge.

Charge

The conversion of electrical energy, provided in the form of a
current from an external source, into chemical energy within a cell
or battery.

Charge rate

The current applied to the secondary cell or battery to restore its
capacity . This rate is commonly expressed as a multiple of the
rated capacity of the cell or battery, for eg., the C/5 charge rate of
a 500Ah cell or battery is expressed as,

C/5 rate = 500Ah/5 = 100A
Similarly,

C/10 rate = 500Ah/10 = 50A

Cycle

The discharge and subsequent charge of a secondary battery such
that it is restored to its original condition.

Cycle life

The number of cycles specified conditions, which are available
from a secondary battery before it fails to meet specified criteria
as a performance.

Cycle service

Duty cycle characterized by frequency and usually deep discharge
sequence such as motive power applications.

Discharge

The conversion of the chemical energy of a cell or battery into
electrical energy and withdrawal of the electrical energy into a
load

Discharge Rate

The rate, usually expressed in amperes, at which electrical
currents is taken from the cell or battery.

End voltage

The prescribed voltage at which the discharge of a cell or battery
may be considered complete.

Flooded cell

A cell design, which incorporates an excess amount of electrolyte.

On- load voltage

The difference in potential between the terminals of a cell or
battery when it is discharging

Open-circuit voltage

The difference in potential between the terminals of a cell or
voltage when the circuit is open (no-load condition).

Over charge

The forcing of current through a cell after all the active material
has been converted to the charged state. In other words charging
continued after 100% state of charge is achieved

Over voltage

The potential differential between the equilibrium potential of an
electrode and that of the electrode under an imposed polarization
current.

Positive electrode

The electrode acting as a cathode when a cell or battery is
discharging.

Primary cell or battery

A cell or battery which is not intended to be recharged and is
discarded when the cell or battery has delivered all its electrical
energy.

Rate capacity

The number of ampere-hours a cell or battery can deliver under
specific conditions. Rate of discharge, end voltage, temperature
usually the manufactures rating.

Secondary battery

A galvanic battery, which after discharged may be restored to the
fully charged state by the passage of an electrical current through
the cell in the opposite to that of discharge.

Separator

An ionic permeable electronically nonconductive spacer, which
prevent electronic contact between electrodes of opposite polarity
in the same cell.

Service life

The period of useful life of a primary cell or battery before a
predetermined end point voltage is reached.

Shelf – life

The duration of storage under specified condition at the end of
which a cell or battery still retains the ability to give a specified
performance.

Experimental   Part

Ten sets of electrodes have taken for the study, for impregnating
Anti – Polar Mass (APM). APM is the active material additive,
which enhances the performance by, means chemical reaction,
electrical conductivity and electron transfer reaction, and
generally this type of APM is not recommended. But special
technique has been carried out for the proper impregnation of
APM.These electrodes were weighed, identified Separately.
Thickness of the electrodes has been recorded. Two liters of 0.5M
Cd (NO3)2 was prepared and its specific gravity, pH,

Temperature were recorded. The above electrodes were immersed
into the solution for 20 mins. After the completion of soaking,

these electrodes were kept drying for 1hour at 60
0
C in an air

circulating oven. After drying these electrodes were weighed and
immersed into the 15% solution of KOH for 2 hours. After that
these electrodes were washed with demineralized water and dried.
After drying, these electrodes were weighed and the thicknesses
were recorded. Which is tabulated in Table –1 & 2
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Electrode Evaluation

Selected positive electrodes were bagged with Nylon and two
negative electrodes were bagged with Polypropylene separator
(Hydrophilic non-oven separator) and put together assemble in a
cell case called Single cell assembly.

Purpose of bagging

 To avoid short circuit
 To allow proper penetration of ions

Weight gain of positive electrode was noted, based on its weight
gain input current was calculated.

Sample Calculation Table

100g/CELL =100g/10=10g per electrode.
10g/5   = 2.0 Ah  ;  C = 2.0
C/5 =2.0/5 =0.4 Amps.
Similarly five cells were assembled as per the above manner and
4.5M alkali was filled into the cell in the flooded condition. The
electrodes were kept undisturbed for one day for the complete
absorption of electrode separator. The above-calculated current
was supplied for both charging and discharging. Assembly of the
cell is schematically represented in SKETCH-1.

SKETCH-1:   Schematic of Single cell
(Electrode Bagging)

After the completion of cycle, two samples of the positive
electrodes from the above cells were subjected to chemical
analysis to know the Cadmium presence.

Evidence for the Presence of Additive

The following analyses are the evidence for the presence of
additive.

Chemical Analysis

Chemical analysis is one of the techniques for identifying the
presence of additive.

Aim

To estimate the amount of Cadmium present in the electrode.
Apparatus required
1.   Burette.
Pipette.
Conical flask etc…
Chemicals required:
Ammonium Nitrate  (10%) solution.
EDTA solution 0.1 M.
EBT indicator.

Procedure

Sample size of 1” x 1” is taken into a 100 ml beaker and 20 ml of
10 % Ammonium Nitrate solution allow for heating at 600 C for
30 min, after that filter the solution and the filtrate is to be made
up to 200 ml in a standard flask. With this 20 ml of the above
solution a small quantity of EBT is added and titrated against 0.1
M EDTA .The end point is noted.

Sample Calculation

The amount of cadmium present in an electrode      =
12.6 x 126.24  =  73.56mg.

20
Therefore the amount of cadmium
present in 1x1 =   182.24mm2

Electrode =   25.4x25.4
=   645.16mm2

645.16mm2 =   73.56mg
182.24 mm2 contains 73.56    x182.24 = 20.77mg of cadmium

645.16 present in1000ml
solution.
Therefore the amount of cadmium in 200ml solution
= 20.7 x 200 = 4.154 mg.

1000
Two electrodes were tested the obtained results are almost similar.

Microscopic Analysis

Electrodes magnified to 20 times by using a microscope and
found there is a gray color patches over the positive electrode
uniformly. Where as in the regular production electrode the gray
color patches are not found. The gray colour patches are scrubbed
out and analyzed by volumetric analysis and confirmed the
presence of cadmium.

Electrical Resistivity Analysis

After charging two electrodes are taken for electrical resistivity
analysis. One is regular electrode and other is additive added
electrode. They were washed and dried and subjected to electrical
resistivity analysis by using four-point method of electrical
resistance measurement.

Table 1 Weight of Positive   Electrodes   Soaking in
Different Solutions

Positive
Electrodes

No.,

Initial
Weight

(g)

Weight After
Soaking In

Cd (No3)2 (g)

Weight After
Soaking & After

Washing (g)
1 25.8 25.9 25.8
5 25.5 25.8 25.7
7 25.4 25.8 25.7
8 25.4 25.7 25.6
9 26.0 26.6 26.4

10 26.0 26.5 26.2
11 26.0 26.5 26.3
12 25.9 26.4 26.2
13 25.9 26.5 26.3

Table 2 Thickness of Positive Electrodes Soaking in
Different Solutions

PLAQUE
NO.,

THICKNESS   IN mM
1 2 3 4 5 6

1 0.88 0.93 0.91 0.96 0.98 0.96
3 0.90 0.92 0.97 0.93 0.95 0.91
5 0.95 0.97 1.02 0.92 0.92 0.92
7 0.98 0.96 1.02 0.98 0.90 0.85
8 0.93 0.87 0.95 0.97 0.95 0.94
9 0.98 0.96 1.03 1.05 1.03 0.95

10 0.96 0.91 1.01 0.97 0.89 0.91
11 0.95 0.94 0.93 0.96 0.95 0.93
12 1.00 0.94 1.00 0.97 0.94 0.92
13 0.97 0.95 1.02 1.03 0.99 0.92
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Electrodes with additive added are having 18.6 mV and without
additive electrodes is having 28.6mv. This phenomenon is due to
the presence of Cadmium there is a light change in conductivity.

Porosity Checking Method

Two electrodes are taken for Porosity checking (one APM added
& another is regular electrode). Sample size of 30 cm x 30cm is
taken into a 250 ml beaker whose weight is recorded. Double
distilled water is filled in the beaker allowed the electrode for 20
min in the distilled water for soaking, after the completion of
soaking these electrodes were taken and dipped for the excess
water. The electrodes were weighed and difference between the
electrode weights is recorded. Based on the weight the Porosity
are Calculated.

1. Regular electrode - 59.8%
2. Additive electrode - 51.4%

Even though weight and the thickness of both the electrodes are
same .The decrease in porosity is only because of the presence of
Cadmium, which are occupied in the pores, which is one of the
evidence. The same experiment is repeated for three electrodes
and found the similar results obtained.

Sample Current Polarography

This is one of the electrochemical techniques that are applied for
the regular and APM added electrodes. One gram of above
materials are separately and dissolved with the 5 ml of Con .Hcl
and one gram of Hydrazine hydrochloride is mixed and made up
to 100 ml.

The Solution is taken into the electrochemical cell. Three
electrodes are assembled one is reference electrode another is
calomel electrode and third is working electrode. The
Electrochemical instruments are set up and connected with above
system.  Potential of 1400mv is applied to the experiment. The
result graph is obtained. From the graph the presence of Cadmium
is confirmed in the additive added electrodes by the presence of
Cadmium polarized region.

In the regular electrode the Cadmium peak is not found. This can
be shown in Fig – 1. From the above five-electrochemical analysis
we inferred that presence of Cadmium is confirmed in the positive
electrode as an additive.

Fig 1 Represents the Cadmium Peak in Additive Added Electrode

Table 3 Charging Of Electrode

TIME (h)
VOLTAGE ON CHARGE (mV)

ADDITIVE-1 ADDITIVE-2 REGULAR-1 REGULAR-2
0 1297 1298 1328 1329

0.3 1363 1365 1389 1397
1 1382 1381 1403 1408

1.3 1390 1394 1410 1412
2 1393 1396 1414 1414

2.3 1398 1399 1419 1418
3 1404 1402 1424 1422

3.3 1409 1408 1430 1426
4 1415 1413 1436 1432

4.3 1420 1422 1443 1437
5 1425 1425 1447 1445

5.3 1428 1427 1449 1452
6 1429 1431 1449 1453

6.3 1429 1429 1449 1454
7 1430 1430 1449 1457

7.3 1431 1431 1450 1458
8 1433 1432 1453 1459

Table 4 Discharging Of Electrode

TIME (h)
VOLTAGE ON DISCHARGE (mV)

ADDITIVE-1 ADDITIVE-2 REGULAR-1 REGULAR-2
0 1277 1278 1286 1289

0.3 1248 1248 1257 1262
1 1226 1231 1242 1247

1.3 1214 1216 1235 1240
2 1213 1214 1230 1235

2.3 1210 1211 1226 1231
3 1205 1206 1221 1225

3.3 1200 1199 1216 1219
4 1190 1189 1208 1168

4.3 1176 1164 1197 1098
5 1145 1123 1100 1000

5.3 1102 1109 1000
6 1000 1005
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RESULT AND DISCUSSION
The additive added electrode has been taken for performance
evaluation with regular electrode for comparison. Two electrodes
are having 0.5g of anti polar mass and two electrodes without any
additive. Weight details of all the electrodes are tabulated in Table
- 1.

Assembly of the cells in series connection

A bagged positive electrode was coupled with two bagged
negative electrodes on either side. The schematic assembly is as
per sketch -1  .The arranged electrodes were assembled in a cell
case with sufficient number of spacers to have slide fit and soaked
in 4.5M KOH solution .The flooded condition cells were left for
one day for the complete soaking of electrode and separated. The
cells thus constructed by coupling one positive and two negative
electrodes were interconnected with one another by using
connecting clips and results as battery which was tested for
carrying out charge / discharge cycles by constant current method.
The connection setup is shown in the following charging and
discharging set up which is photographed.

Charging set up

The above-assembled cells were connected in series with one
another. Thus the set up forms a battery. The positive end of the
battery is connected to the positive end of a calibrated charger and
negative end to the negative of the charger by regular series
connection (positive to positive and negative to negative) .A
calibrated digital multimeter is used for voltage readings.

Discharging setup

After completion of charging, the discharging process is carried
out. The same assembly was connecting for discharging. One end
is connected through Rheostat and the other end is connected
directly to the charger. The other end of the Rheostat is connected
to the positive of the charger. The readings are taken by using
Multimeter. Charging of the electrodes at the rate of C/5 and
discharging of the electrodes at the rate of C/5and C/2 and C rate
are carried out to assess the performance of all electrodes.

Fig 2 Graphysical  Representation of  Charging of Electrode
(Cycle – 1)
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Fig 3 Graphical Representation of   Discharging Of Electrode
(Cycle –1)
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Table 5 Charging Of Electrode

TIME (h)
VOLTAGE ON CHARGE (mV)

ADDITIVE-1 ADDITIVE-2 REGULAR-1 REGULAR-2
0 1360 1358 1368 1387

0.3 1355 1366 1402 1412
1 1359 1371 1442 1450

1.3 1363 1376 1454 1458
2 1368 1383 1458 1467

2.3 1372 1387 1461 1470
3 1376 1393 1468 1477

3.3 1381 1397 1472 1481
4 1386 1402 1478 1484

4.3 1390 1406 1494 1496
5 1394 1409 1502 1506

5.3 1398 1413 1524 1526
6 1402 1416 1532 1533

6.3 1405 1421 1542 1545
7 1408 1422 1557 1559

7.3 1410 1426 1564 1578
8 1417 1432 1585 1591

Fig 4 Graphical Representation of charging of Electrode (Cycle – 2)
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To study the characteristics of electrodes during cycling,
measurements have been taken with Hg/HgO Reference Electrode
for individual electrode. The consolidated report of charging,
discharging and graphs were presented. This can be shown in Fig
– 2, 3, 4, 5.The electrode capacity at various charging and
discharging cycles were tabulated in Table – 3,4,5,6. After the
completion of charging the cells were allowed for 8 hours rest.
After that the discharging were carried out.

DISCUSSIONS
Five electrodes were tested all the electrodes were identified.
The initial voltages of all electrodes are approximately the same
value. After one hour the potential of the regular electrode is
drastically increased. But the additive added shows slight increase
in the potential. Only after fourth hour there is a slight rise in the
potential, which reveals that the surface absorbed Cd (OH) 2,
increasing the conductivity of active material and controlling the
gas evolution. Because of the slight change in the potential of an
additive electrode long plateau voltage observed in the discharge
curve. The stability of potential during discharge is observed.
In general, formation of NiOOH during charging is a highly
reactive species but less conductive which is immediately shift
towards the hydrogen over potential (HOP). But in additive added
electrode Cd (OH)2 inhibits the HOP of the NiOOH and enhances

the performance .The above stabilization potential of the positive
electrode is only because of the high efficient Anti polar mass.
This long time of stable voltage of charging and discharging is
shown in the following Fig – 2,3,4,5. In table –1 electrode no., –1
is having the longer plateau potential where as the regular

Table 6 Discharging Of Electrode

TIME(h)
VOLTAGE ON DISCHARGE (mV)

ADDITIVE-1 ADDITIVE-2 REGULAR-1 REGULAR-2
0 1321 1333 1332 1312

0.3 1306 1302 1259 1255
1 1254 1261 1223 1221

1.3 1232 1234 1210 1209
2 1229 1228 1208 1204

2.3 1215 1216 1195 1194
4 1200 1199 1108 1109

4.3 1198 1187 1000 1005
5 1184 1178

5.3 1164 1160
5.45 1098 1078
5.5 1045 1025
6 1000 1000

Fig 5 Graphycal Representation of Discharging Of Electrode
(Cycle – 2)
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electrode does not have that longer plateau potential. Similarly in
electrode –2 is having best performance of all electrodes. One of
the interesting information is that in discharging voltage the
sudden drop of the voltage in the regular electrode are shown. But
still remain in the stable voltage in the APM added electrodes.
APM electrode shows there is a slight increase in the capacity
from cycle to cycle which is tabulated and graphically
represented. The reference electrode potential of each cycle is also
reflect in the same result.

CONCLUSION
 Performance of the electrodes with APM is better than

the regular one
i.e., impregnation of cd+ species onto a fully
impregnated Ni (OH) 2 electrode provides improved
performance.

 Further work needs to carryout with the number of
electrodes and as cells.

 High rate of charging and discharging are carried out
with cell.

 Cycle life of the cell is to be checked.
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