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Abstract - The Lead acid batteries are type of secondary
batteries. Its ability to supply high surge currents and
because of low cost these are attractive for automotive
applications. Sulphation of the negative electrode remains a
serious failure in these batteries. The influence of Na2504,
MgS04 additives were investigated. Charging and
discharging cycles were carried out separately for Existing
electrolyte, Electrolyte + Na2504, Electrolyte + MgSO4 for
each one hour. The cycle test is evidence that the addition of
Na2504 improved the cycle life and efficiency of 12V/100
AH lead-acid battery, while MgS04 addition showed little
improvement in cycle life compared to NaZSO4. Battery
cycle life increases with reduced acid concentration,
extended discharge time, and increased efficiency.
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1.INTRODUCTION

The Lead acid battery is a type of rechargeable battery
first invented in 1859 by French physicist Gaston Plantae.
It is the first rechargeable battery ever created. Compared
to modern rechargeable batteries lead-acid batteries have
relatively low density. Despite this, their ability to supply
high surge current means that the cells have a relatively
large power-to weight ratio. These features, along with
low cost, make them attractive for use in motor vehicles to
provide the high current required by starter motors [1].

As of now the usage of LAB can be categorized into:

1.Immobile applications:

Inverter applications, such as UPS; [2] Power storage
device in electrical vehicles(EV) [3]. Power source in

hybrid electrical vehicles and grid-scale energy storage
component of electricity generated by renewable sources
(solar/wind etc) [4].

2.Mobile applications:

Automotive or vehicular batteries used for starting in
vehicle, lighting and ignition (SLI) [5,6].

1.1. Working of Lead-acid Batteries

The storage battery or secondary battery is such a battery
where electrical energy can be stored as chemical energy
and this chemical energy is converted into electrical

energy as and when required. The conversion of electrical
energy into chemical energy by applying external
electrical source known as charging of battery. Whereas
conversion of chemical energy into electrical energy for
supplying the external load is known as discharging of
secondary battery.

However, the failure of LAB becomes the key barrier for its
further development and application. Therefore,
understanding the failure modes and mechanism of LAB is
of great significance. The failure modes of LAB mainly
include two aspects: failure of the positive electrode and
negative electrode. The degradations of active material
and grid corrosion are the two major failure modes for
positive electrode, while the irreversible sulfation is the
most common failure mode for the negative electrode [8].
Sulfation is the process of recrystallisation of PbSO4. In
battery operation, it is desirable for the lead sulfate to
form small crystals that readily redissolve during the
charging process, allowing the active materials to revert to
their original form. The lead sulfate crystals can grow
larger, however, making it difficult to convert back to the
active material. The growth of the nonconductive lead
sulfate on the negative electrode during discharge can lead
to the formation of the passive PbSO4 film, result- ing in
the loss of battery capacity over time. In the operation of
lead-acid batteries, if the battery operating conditions
enable it to easily recharge to PbS04, the process is called
“soft sulfation”; if the recharge is difficult, the process is
called “hard sulfation” [9]. The formation of “hard”
sulphate is said to occur when the normally rechargeable
lead sulphate crystals produced during discharge undergo
a prolonged and/or elevated temperature ageing process.
The lead sulphate crystals apparently undergo a
recrystallisation process which results in an enlargement
of the sulphate crystals. [10]
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1.2.Lead-acid battery problems related to

environment

Lead consumption in LAB production is about 86% of the
world's total lead production. That is, it is mainly used for
energy storage from automobiles, PV cells and wind
turbines[11]. Batteries contains large amounts of lead as
solid metal or lead-oxide powder. The average lead acid
battery can contain up-to 10 kg of lead. Despite its
widespread use, the use of lead is not without its problems
and limitations. Lead is a highly toxic substance that
attacks almost every organ in the body, and the nervous
system is the area most affected by lead toxicity in both
children and adults. Long-term exposure can lead to
cognitive decline in tests that measure nervous system
function. This can lead to behavioral problems, lack of
learning, and a decline in IQ. Infants and children are
particularly vulnerable due to their disproportionate
exposure to toxins, their immature metabolic pathways,
their delicate growth phase, and their long onset. Lead
accounts for almost 1% of the world's disease burden and
is the largest burden in developing regions [12] The main
ways of lead exposure and ingestion are inhalation,
ingestion, and lesser extent to skin contact. For people
who use lead, inhalation of smoke and the dust are
primary ways of exposure to the lead. Toddlers spend a lot
of time in one place, tend to play on the floor, and move
frequently from hand to mouth, which can be especially
exposed to contaminated soil and dust in the air. Lead has
no obvious physiological function and it has an affinity for
sulfhydryl groups, other organic ligand in proteins and can
copy other biologically essential metals such as zinc, iron
and especially calcium.

« Effects on the digestive system

Due to the frequent gastrointestinal side symptoms of lead
toxicity, a person who has been exposed may initially seek
medical help. The side effects include a metallic aftertaste
in the mouth, nausea, vomiting, constipation, abdominal
pain or discomfort, and loss of appetite accompanying
weight loss.

« Cognitive effects

The nervous system as a whole is toxic by lead.
Particularly in young children, lead poisoning can result in
life threatening encephalopathy. In adults, encephalopathy
is less frequent. The first symptoms are sporadic vomiting,
appetite loss, aggressive behavior changes, irritability, and
agitation, headache, clumsiness, and sporadic sleepiness.
Continued ataxia, vomiting, seizures, serious cerebral
edoema, coma, and even death could result from this.

e Cardiovascular

Even at exposure levels below 10 g/dL, lead exposure is
linked to an elevated risk of hypertension in adults and in

pregnant women. Blood pressure and lead levels in bone
have been discovered to have significant, albeit minor,
relationships. The higher correlation with the bone lead
suggests that the rise in blood pressure is linked to the
long term consequences of early lead exposures.

* Hematological

Anaemia results from prolonged exposure to lead because
it inhibits the synthesis of hemoglobin, which is essential
for creation of red blood cells. Hemoglobin is required for
the creation of cytochrome c, which is crucial for cellular
respiration and may contribute to the neurotoxicity,
therefore interfering with its synthesis also has additional
detrimental effects [13].

2. MATERIALS AND METHODS
2.1 Materials Used

Lead-acid Batteries

Charging and Discharging Equipment
Sodium Sulphate

Magnesium Sulphate

Aluminium Potassium Sulphate
Digital Multimeter

Hydrometer

3W DC Bulb

Weighing balance

10. De-ionised battery

11. Battery Acid

12. Glass beakers, conical flasks, glass rods, funnel
13. Hand Gloves, Face shield

O ONoU W

2.2 Methods

2.2.1 Charge and the Discharge cycles for battery
before addition of any additive

* The batteries were undergone through load test to know
about the battery condition.

= Experiment was setup as shown in the diagram.

= The refillable lead acid batteries were filled with de-
ionized water up to the mark.

= Initial specific gravity of the electrolyte and initial
voltage was measured before

connecting to charge cycle and noted down. It is
considered as charging voltage at time zero minute.
Connecting the charger machine to power supply was
done to start the charging cycle.

= 12V and 6A set to begin the charge cycle in charger.

= The charging voltage was noted with the help of digital
multimeter and recorded

after 3 mins.

* The reading & recording of charging voltage was also
done after 6mins, 9mins, 12mins, 15mins upto 30 mins
within a intervals of 3 mins of the charging cycle.
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= Discharge cycle was carried in the same equipment by
setting to 12V and 6A and then it is connected to the
battery.

* The voltages were read and noted down as discharge
voltages after 3 mins.

* The respective discharge stages at 6 minutes, 9 minutes,
12 minutes up to 30 mins were all noted as the discharge
voltage.

3.2.2 Charge and the Discharge cycle for Sodium sulphate
blended electrolyte solution

* One of the flooded battery was taken & the electrolyte
was withdrawn using a dropper to a beaker.

= Weigh exactly 4261.2 grams of sodium sulphate and mix
with electrolyte.

* The mixed electrolyte solution was then gently poured in
to the battery using a funnel.

* The voltage at this point is noted down as initial voltage
using digital multimeter.

» Specific gravity of the solution measured using
hydrometer and recorded.

» The charging equipment which is connected to power
supply is connected to the battery to initiate the charging
cycle.

* Charging done at 12V and 6A.

= After 3minutes, the charging voltage was read and noted
down.

= The charge cycle was carried till thirty minutes. Charging
voltages at 6 mins, 9mins, 12mins up-to 30 minutes within
a interval of 3 minutes of charging cycle were all noted
down.

= At the end of 30 minutes cycle, the voltage was read and
recorded.

* The specific gravity of each cell was checked using
hydrometer and noted down.

= For discharging, the battery was connected to charging
equipment and the mode

was changed to discharging.

= Discharging was done by setting voltage to 12 V and 6A.

= [nitial voltage was read and recorded.

= After 3 mins of discharge voltage was recorded with the
help of digital multimeter.

* The discharge voltages at 6minutes, 9 minutes, 12
minutes upto 30 minutes within intervals of 3 minutes
were recorded.

2.2.2 Charge and discharge cycle for Sodium sulphate
mixed electrolyte solution

* One of the flooded refillable battery was taken and the
electrolyte was withdrawn using a dropper to a beaker.

* Weigh exactly 4261.2 grams of sodium sulphate and mix
with electrolyte.

* The mixed electrolyte solution was then gently poured in
to the battery using a funnel.

= The voltage at this point is noted down as initial voltage
using digital multimeter.

= Specific gravity of the solution measured using
hydrometer and recorded.

* The charging equipment which is connected to power
supply is connected to the battery to initiate the charging
cycle.

= Carried out the charging and discharging cycles for about
30 minutes and noted down the voltages at intervals of 3
minutes each.

= The above procedure was repeated for Magnesium
sulphate.

3. RESULTS AND DISCUSSIONS
3.1 Battery - 1 for Sodium sulphate Additive

Table 3.1.1: Charge and Discharge Voltages before
addition of Sodium sulphate

Time in Charge Discharge voltage(V)
minutes voltage(V)
0 13.44 12.66
3 14.40 12.27
6 14.60 12.22
9 14.68 12.14
12 14.63 12.09
15 14.73 12.01
18 14.73 12.01
21 14.73 12.04
24 14.73 12.04
27 14.71 12.06
30 14.71 12.06

Charge cycle for Na,SO, added electrolyte

S

0 3 6 9 121518 21242730

Time in min

=
w ~ U

Voltage n V
=P

=
[

=@=Pcfore addition of Sodium Sulfate

After addition of Sodium Sulfate

Chart - 1: Charge cycles for Battery - 1
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Table 3.1.2: Charge and Discharge Voltages after addition 15 13.17 12.33
of Sodium sulphate.
18 13.18 12.30
Time in Charge Voltage(V) Discharge 21 13.19 12.27
minutes Voltage(V)
0 387 1263 24 13.19 12.22
3 14'71 12'35 27 13.20 12.17
6 14.73 1230 30 13.21 12.13
9 14.73 12.24
Charge cycle for MgS0O, added electrolyvte
12 14.71 12.19 13.4
15 14.71 12.11 13.2
18 14.71 12.06 ~ 13
21 14.71 12.01 ; 12.8
24 14.71 12.01 £ 126
27 14.71 12.01 12.4
0 3 6 9 12151821 24 2730
30 14.71 12.06 e e
. B =@ Before addition of Magnesium Sulfate
Dischar ge ci'::ittl‘f:]ll\:::SOJ added =@ After addition of Magnesium Sulfate
5 13 Chart - 3: Charge cycles for Battery - 2
;: 12 \‘_.-.'*-.—o—o—o—.—o
gJ Discharge cvcle for MgS0O, added
r‘f 11 electrolyte
0 3 6 9 12 15 18 21 24 27 30 13
Time in min
. 12.5
=—@=—Before addition of Sodium Sulfate 3
& 12
=—@=— After addition of Sodium Sulfate §
11.5
0O 3 6 9 121518212427 30
Chart - 2: Discharge cycles for Battery - 1 Time in min
3.2 Battery - 2 for Magnesium Sulphate additive =@ Before addition of Magnesium Sulfate

—@— After addition of Magnesium Sulfate
Table 3.2.1: Charge and Discharge Voltages before

addition of magnesium sulphate.
& P Chart - 4: Discharge cycles for Battery - 2

Time in Charge Discharge
minutes Voltage(V) Voltage(V)
0 12.68 12.60
3 13.13 12.45
6 13.15 12.41
9 13.16 12.38
12 13.16 12.36
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Table 3.2.2: Charge and Discharge Voltages after addition
of magnesium sulphate.

Time in Charge Discharge Voltage(V)

minutes Voltage(V)
0 13.10 12.87
3 13.84 12.58
6 14.14 12.46
9 14.68 12.42
12 14.68 12.39
15 14.68 12.35
18 14.73 12.32
21 14.76 12.29
24 14.73 12.26
27 14.73 12.22
30 14.73 12.06

4.CONCLUSIONS

Charging and the discharging cycles carried out on three
flooded lead - acid batteries, found that the presence of the
sodium sulphate additive in existing electrolyte of a lead
acid battery provided small improvement to both the cycle
life and the performance of the lead acid battery.

The service life of a lead-acid battery can be clearly
explained because the one-cycle test is much shorter than
the total life of battery, but time required to fully discharge
can be used to infer the extension of life.

Small quantity of voltage was discharged during discharge
cycle, which was less with the addition of Sodium sulphate
to the existing electrolyte as compared to only the
electrolyte of lead acid battery have the ability of
extending the battery lifespan.
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