Pak. j. sci. ind. res. Ser. A: phys. sci. 2022 65A(1) 9-24

Manufacturing of Electrochemical Cell and Enhanced
its Efficiency by Adding Additive in Electrolyte

Rizwan Ahmed Qamar?, Asim Mushtaq*®, Ahmed Ullah?, Zaeem Uddin Ali®

*Chemical Engineering Department, NED University of Engineering & Technology, Karachi, Pakistan
°Polymer and Petrochemical Engineering Department, NED University of Engineering & Technology,

Karachi, Pakistan

(received August 10, 2020; revised January 4, 2021; accepted January 10, 2021)

Abstract. The importance of a lead-acid battery in our daily life needs no explanation. Automotive batteries
in their dominant part were made with hard rubber holders and heavy plates and the service life was two
years. On the other hand, in stationary batteries, open Planet style cells were still being used and got an
additional arrangement of positive plates once the primary set was exhausted. The world has improved
significantly from that point forward, both in structure and innovation. Still, the lead-corrosive battery for
rechargeable frameworks has not changed, despite there is no indication that it tends to be supplanted close
to term by secondary battery framework. So, it is advantageous to take a gander at enhancements in the
innovation of battery creation that have occurred essentially in the course of the most recent ten years.
Thyristor innovation and micro-processor control take into account strategies that one could dream about
in previous times. From a car battery to a UPS inverter, we daily need the services of a lead-acid battery.
Considering these aspects, the current research is an effort to provide such solutions so, that the working
life of the lead-acid battery increases by not increasing its manufacturing cost. It was found that the two
added substances methane sulfonic acid (MSA) and aminomethyl sulfonic acid (AMSA) to lead-acid
batteries can enhance the electro-chemical performance and thermal stability of which MSA shows the

best impact.
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Introduction

The relation among electricity and chemistry is an
extremely old one, returning to Volta's disclosure, in
1793, that power could be created by place two divergent
metals on inverse sides of a dampened paper. In 1800,
Nicholson and Carlisle, utilizing Volta's crude battery
as a source, indicated that an electric momentum could
decay water into oxygen and hydrogen. This was,
without a doubt, one of the most critical investigations
throughout the entire existence of science, for it
suggested that the particles of hydrogen and oxygen
were related to positive and negative electric charges,
which must be the source of the holding powers between
them. By 1812, the Swedish physicist Berzelius could
suggest that all particles are zapped, hydrogen and the
metals being certain, the nonmetals negative. In electro-
lysis, the applied voltage was thought to overwhelm
the fascination between these contrary charges, pulling
the electric particles separated as particles (named by
Berzelius). It would be a hundred years after the fact
before the mutual electron pair hypothesis of GN. Lewis
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could offer a huge improvement over this perspective
on chemical bonding (Zhao ef al., 2018; Kowsari and
Chirani, 2017).

For the time being, the utilization of power as a method
for realizing chemical change kept on assuming a central
job in the improvement of science. Humphrey Davey
arranged the primary essential sodium by electrolysis
of a sodium hydroxide dissolve. It was left to Davey's
previous aide, Michael Faraday, to show that there is
a quantitative connection between the measure of electric
charge and the amount of electrolysis item. James Clerk
Maxwell quickly considered this to be proof for the
atom of power, however, the world would not be respon-
sive to the idea of the electron until the century's end.
Chemical energy is related to substance responses and
the electrical vitality is gotten from power. In this way,
chemical and electrical energies are two types of vitality
that are interconverted. The part of science that manages
the connection between power and chemical responses.
It deals with the transformation of electrical vitality
into substance vitality and the other way around (Endrodi
etal.,2018; Ma et al., 2018).
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The chemical compound which conducts power in a
liquid state or through its fluid arrangement with
substance change is called an electrolyte. All acids,
bases, and salt are electrolytes (in an aqueous arrange-
ment or intertwined state). For example, sulphuric acid
(H>SO,), hydrochloric acid (HCI), sodium chloride
(NaCl) are electrolytes. You can't electrolyte something
except if it conducts power, but all the conductors are
not an electrolyte. You can go power through metal
for a considerable length of time, however, it won't
decompose. Metals are acceptable conduits yet are not
an electrolyte. Metals are utilized as cathode through
which the current enters and leaves electrolyte. All
electrolytes are ionic or polar mixes like acids, bases.
Salts are ionic mixes and are solids as well. These solids
don't lead power because, in the strong states, particles
are firmly stuffed and held together, demonstrating no
development of particles, they can't move. However,
when an ionic strong is liquefied or broke down in the
water, its particles become allowed to proceed. In this
manner, the ionic compound in fluid and liquid arrange-
ment does direct power. This conduction is because of
the free development of particles. The chemical com-
pounds which don't lead power in the liquid or watery
arrangement are called non-electrolyte. For example,
sugar, oil and benzene (Sun et al., 2017).

A chemical procedure or response which can't happen
spontaneously can be made to occur by passing electric
flow. If an appropriate quantity of current is passed
under appropriate conditions through an electrolytic
arrangement, the response happens non-unexpectedly.
The cell utilized for the response to happen by passing
electric flow is called an electrolytic cell. In this way,
an electrolytic cell is a device that is utilized to change
over electrical vitality into chemical vitality (a non-
unconstrained compound response happens by the
misfortune and addition of electrons), for instance, a
device for electroplating procedures or electrolysis of
water within sight of an acid. The procedure is called
electrolysis or electrolytic conduction. Electrolysis is
characterized as a procedure wherein developments of
the particles occur towards their particular cathode to
experience compound changes affected by an applied
electric field. Electro-chemistry is the investigation of
responses wherein charged (particles or electrons) cross
the interface between two periods of issue, regularly a
metallic stage (the terminal) and a conductive arrange-
ment, or electrolyte. A procedure of this sort is referred
to for the most part as a terminal procedure. Terminal
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procedures (responses) happen at the outside of the
cathode and produce a slight unbalance in the electric
charges of the electrode and the arrangement. The
outcome is a potential interfacial distinction. A significant
part of the significance of electro-chemistry lies in the
manner that these potential contrasts can be identified
with the thermodynamics and kinetics of electrode
responses (Kang et al., 2017; Sun et al., 2017).

Specifically, control of the potential interfacial distinction
bears a significant method for applying outer control
on an electrode response. The potential interfacial con-
trasts which create an electrode arrangement framework
are restricted to just a couple of volts all things consi-
dered. This may not appear very much, yet comprehend
that what is significant is the separation over which this
potential distinction exists. In the instances of an anode
inundated in an answer, this separation compares to the
flimsy layer of water particles and particles that connect
themselves to the cathode surface (regularly just a
couple of nuclear distances across). Right now, a small
voltage can create a huge potential inclination; for
instance, a potential contrast of one volt over a thickness
of just 108 cm adds up to a potential slope of 100 million
volts for every centimeter an exceptionally noteworthy
worth in reality as appeared in Fig. 1. In reality, interfacial
possibilities exist between any two stages in contact,
even without compound responses. In numerous types
of issues, they are the consequence of adsorption or
requested arrangement of particles brought about
by non-uniform powers in the interfacial locale.
Subsequently, colloidal particles in watery suspension
specifically adsorb a given sort of particle, positive for
certain colloids, and negative for other people. The
subsequent electric charge keeps the particles from
meeting up and mixing, which they would some way
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or another will, in general, do affect by conventional
ordinary vendor Waals attractions (Veerasubramani
etal., 2016).

An electrode is an electrical conductor used to reach a
nonmetallic piece of a circuit (a semi-conductor, an
electrolyte, a vacuum or air). William Whewell begot
the word in line with the researcher Michael Faraday
from the Greek words elektron, which means amber
(from which the word electricity is inferred) and hodos,
away. There are two kinds of electrodes anode and
cathode. The anode is currently characterized as the
electrodes at which electrons leave the cell and oxidation
happens. The cathode is the electrodes at which electrons
enter the cell and happen reduction. Electrodes potential
is characterized as the capability of a cell comprising
of the electrode being referred to going about as a
cathode and the standard hydrogen electrodes going
about as an anode. A reduction consistently happens at
the cathode and oxidation at the anode. Standard
electrodes possibilities an electro-chemical cell, an
electric potential is made between two unique metals.
This potential is a proportion of the vitality per unit
charge, which is accessible from the oxidation/decrease
responses to drive the response.

Batteries are alluded to as galvanic cells, because of
the way that they save electrical vitality as chemical
vitality due to electro-chemical responses that happen
are additionally named galvanic. These responses are
thermodynamically ideal (AG is negative, the free vitality
distinction) and happen precipitously when two materials
of various positive standard decrease possibilities are
associated with an electronic burden. The material with
low positive standard decreases potential experiences
an oxidation response giving electrons through the outer
circuit with the decreased potential to the higher positive
standard, which thus experiences a reduction response.
These partial responses happen simultaneously and take
into account the transformation of chemical vitality to
electrical vitality by methods for electron move by the
outside circuit. The material with the lower positive
standard decreases potential is known as the negative
terminal or anode on release, while the higher positive
standard decreases material is known as the positive
anode or cathode on release. In expansion to the termi-
nals, the two different elements that are necessary for
such responses to occur are the electrolyte solution and
separator (Li e al., 2018; Liu et al., 2018).

The electrolyte is an ion leading material that can be
like a watery, liquid, or solid solution, although the
separator is a layer that forestalls direct contact amid
the two terminals and permits ions to go through, it in
this way guarantees electrical protection for charge
balance in the cathode and anode once the response is
finished. The two last parts need terminals to finish a
galvanic cell, as appeared in Fig. 2 (Singh ef al., 2016).

Clz 20H" +H

2cl-

’ Separator
Carbon Electrode

(anode)

Platinum Electrode

Sodium Chloride (cathode)

(brine)
solution

Fig. 2. Simple galvanic cell.

They are essential, while smearing the batteries to
electrical machines with explicit holder structures to
forestall short - circuit by battery fixing, they are molded
to coordinate the repository services given in the
apparatuses as appeared in Fig. 3. Like tube-shaped
batteries, the negative terminal is either planned to be
level or to project beyond the battery end, whereas the
positive terminal stretches out as a pip at the opposite
edge (Balogun et al., 2016).

Before proceeding to different amounts, the electrode
kinetics is demonstrated in Table 1, which was recently
indicated to influence the voltage, will be explained.
Thermodynamics communicated as far as the electrode
potentials can disclose as hypothetical and open circuit
cell voltage, while how achievable it is for cell response
to happen. In any case, it is important to consider energy
to get a superior comprehension of what the real cell
voltage might be, as the charge move and the response
rates at the electrodes are usually the limiting variables
(Endrodi et al., 2018; Balogun et al., 2016). An electro-
chemical cell comprises two electrodes. An electrode
is a metallic conveyor in contact with an ionic transmitter
called an electrolyte, generally a solution of an acid,
base or salt or pure fluid. The two electrodes in a cell
might be in contact with a similar electrolyte as is
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consistently the situation in an electrolytic cell, where
electrolysis happens; that is, the non-unconstrained
chemical response is achieved by an externally applied
electromotive power (e.m.f.). The e.m.f. of a cell can
be characterized as the distinction in potential between
the two electrodes on an open circuit.

Conversely, a galvanic or voltaic cell creates an energetic
flow due to unconstrained responses at the two anodes,
which might be in contact with the equivalent of various
electrolytes. In the last case, the two anode compartments
are associated with a salt extension for electrical contact
between the electrolytes. A salt bridge is a twofold
twisted glass tube containing a concentrated solution
of an electrolyte (typically KCl, KNO;, or NHsNOs)
with practically identical ionic mobilities of the cation
and the anion. As a galvanic cell works, that conveys
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Fig. 3. Terminal designs for cylindrical batteries.
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current, at the two electrodes, unconstrained chemical
responses happen, which, when consolidated, gives the
general compound response called the cell reaction. It
is the vitality of this chemical response that produces
the e.m.f. of the cell. In such cases, the cell is known
as a chemical cell. In certain cells, there is no general
compound response, yet the e.m.f. is produced as a
result of the distinction in the concentrations of either
the electrolytes or the electrodes. Different sorts of
electrochemical cells appear in Fig. 4 (Sriram et al.,
2018; Yang et al., 2017).

Lead acid storage batteries is an electro-chemical
framework that changes over electrical vitality into
direct electricity. It is also recognized as storage batteries
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Fig. 4. Types of an electrochemical cell.

Open - circuit voltage ~ The maximum voltage in the charged state at zero current volt (V)
Current Low currents are characterized by activation losses, while the maximum Ampere (A)

current is normally determined by mass transfer limitations
Energy density The energy that can be derived per unit volume of the weight of the cell Watt-hours

per liter (Wh/dm? )

Specific energy density The energy that can be derived per unit weight of the cell (or sometimes Watt-hours

per unit weight of the active electrode material) per Kg (Wh/Kg)
Power density The power that can be derived per unit weight of the cell Watt per Kg (W/Kg)

Capacity The theoretical capacity of a battery is the quantity of electricity involved Ampere - hours
in the electrochemical reaction per gram (Ah/g)

Shelf life The time a battery can be kept inactive before its capacity decreases to 80% Years

Service life The time a battery can be utilized at various temperatures and loads Hours

Cycle life The number of charge /discharge cycles it can endure before its capacity Cycles

decreases to 80%
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and has extensive applications in automobiles, traction/
electrical sub-station, UPS/inverters, media transmission,
sun-powered photovoltaic framework. The first charge
formation of a lead-corrosive battery, regardless of
whether as plates or as a previously amassed battery,
is a serious complex heap of chemical responses. The
essential materials in battery creation are lead compounds
to produce the lattices and PbO, for the dynamic material.
PbO, is delivered in Barton pots or plants working on
lead oxidation surface. The oxide particles consistently
comprise some remaining metallic lead that is isolated
and diverted by an air stream at that point gathered in
filters. The oxide created is somewhat extraordinary in
its properties, relying upon the sort of production
parameters. The plates for all batteries are prepared by
setting up a paste from PbO, with strong H,SOy, at that
point, squeezing this paste into the grids. After surface
drying, the plates are restored in dampness soaked air
at a somewhat raised temperature and afterward dried.
Similar responses happen in positive tubular plates, yet
the techniques for creation are unique. The paste devising
and relieving are significant advances and any error in
that can't be wholly fixed later.

The initial reaction of H,SO4 with PbO prompts normal
PbSO. and heat evolution. Under the influence of
additional lead oxide and water this isn't stable, so
changes over into basic sulfate, either tribasic or
tetrabasic as indicated by the following reactions (Kim
et al., 2017; Singh and Chandra, 2016):

PbO + H,SO4 — PbSO, + HyO .............. (1)
PbSO, + 3PbO —> 3PbO . PbSO; ............ ©)
PbSO, + 4PbO —> 4PbO . PbSO; ........... 3)

The O7PbsS is solidified with a high specific surface
and formed at lower than 70 °C and forms progressively
bulky crystals beyond 70 °C. For an issue free formation,
oughta high explicit surface thus other than water and
free oxide, O;Pb4S to be the primary segment of the
paste. During curing, no critical change is not out of
the ordinary for the fundamental sulfates if the tem-
perature change of 70 °C isn't surpassed. The significant
response occurs with the remaining metallic lead. Then
it is oxidized and fundamentally disintegrated in the
water paste. Subsequently, before this response is
finished, water misfortune ought to be maintained a
strategic distance from however much as could be
expected. At the same time, oxidation additionally
happens on the network surface, prompting a mechanical
linking with the dynamic material. The plates can be

dried when the oxidation of the leftover lead is finished.
The dynamic material presents an extremely permeable
structure and relying upon the original formula, that is
water content in the paste, the porosity is somewhere
in the range of 50 and 60% volume (Lin et al., 2017).

In the normal surrounding, the bivalent status is the
steadiest one for the Pb. Contingent upon the pH that
is the occurrence of sulfate or H,SO4, PbSO,4 or PbO,
is the most favorable compound. Metallic lead and lead
dioxide are the final dynamic materials. The lead-acid
battery has a higher vitality level. So, as to land at these
compounds, vitality must include as happens during a
typical charge as electric vitality. To start arrangement,
negative and positive plates are embedded into weakened
H>SO, and associated with a reel. The rectifier demon-
strations like siphon expelling electrons from the positive
plates and driving them into the negative plates. The
accompanying response conditions are improved by
presenting the basics (Tishkevich et al., 2018; Balogun
etal., 2016):

PbSO4 + 2Hzo —> Pb02 + HzSO4 +

2e™ + 2H" (POSItIVE) woovveeieeiieciieeieeeiiene “4)
PbSO, +2e”+2H" — Pb +
H>SO4 (Negative) ...coceeeeeeeeeieeieieriesieenes %)

The H' ions moving from the positive to negative plates
near the electric circuit and consent the pic in an
electrically impartial eminence. Before the reactions in
Eq. (4) and (5) can be begun by moving on the current
the pores should initially totally load up with electrolyte
because capillary forces need just minutes. Also, one
ought to consider the assimilation of adequate H,SO4
to get a marginally acidic response, pH for good electric
conductivity. The weak H,SO, utilized as the electrolyte
will enter; into the pores of the plates and quickly
respond as per Eq. (1) and with the fundamental lead,
sulfates are changed over into the neutral PbSO.:

3PbO * PbSO,4 + 3H,SO4 — 4PbSO, +

This response is combined with heat evolution. Per
100 g dynamic material with the estimated composition
of 9 moles PbO. PbSO,4 somewhere in the range of 45
kJ would be advanced given the response could be
finished right away. One level of fulfillment depends
to an enormous degree in nature, thus, for subtleties,
we should recognize tank and container formation. In
either technique, the acid entering into the pores because
of response is weakened to nearly water. The framework
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surface or all the more unequivocally, the sulfate/oxide
layer on the matrix surface must be moistened with an
electrolyte of adequate conductivity. Lead sulfate is just
slightly dissolvable in H,SO, and just (2 mg/L) more
in water. The little dissolvability by and by fundamental,
as the responses can happen just in the disintegrated
state. As indicated by the dissolution response, free lead
particles are accessible straightforwardly on the interface
among the electrolyte and metallic framework (Cheng
et al., 2018, Choudhury and Archer, 2016):

PbSO4 —> Pby" + S04 oo, (7

Lead doesn't develop in massive crystals in electro-
chemical affidavit yet in needles with tertiary and
auxiliary branches. Thus the reaction enters effectively
in the main part of the dynamic material. The needle is
identified with an enormous explicit surface, which is
essential for an elite battery. For development, the
expanders don't assume a significant job. Their
motivation is to keep up the enormous explicit surface
for a significant stretch of cycling. In Eq. (5) the acid
is the result of deposition will respond with more tribasic
sulfate or leads oxide, which was secured during the

— Separator

Battery case

Ribs

Fig. 5. Battery case and battery covering with

aliment.

Asim Mushtaq et al.

splashing time frame with SO,. In this way, until every
single fundamental segment is changed over, no
enormous increment in the particular gravity of the
electrolyte is not out of the ordinary inside the negative
plates. In this manner, extra heat is produced. However,
it is constrained to car battery plates and is not substantial
for mechanical plates. So, the SO, content ascents about
25% of the hypothetical development charge and after
70%, just the oxide content gets insignificant (Cheng
et al.,2018; Wang et al., 2017).

A lead-acid battery cell has relatively not many parts.
It comprises four primary components. A battery shell
not only holds the electrolyte but also performs several
tasks as it protects from engine heat, provides protection
from mechanical damage, and also provides protection
from environmental factors is shown in Fig. 5.

Battery plates are developed of a lead compound
containing a level of either calcium or antimony. The
plates are planned as a thin level grid, grids crossing at
a right edge or matrices crossing diagonally at various
points, which lessen interior opposition as appeared in
Fig. 6. The network gives the vital structure to dynamic
material to be glued onto the plate, making a positive
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or negative plate. Plate development is the way of
delivering a good battery. Perceiving this, Power-Sonic
uses the most recent innovation and equipment to cast
frameworks from a lead and calcium amalgam liberated
from antimony. The limited quantity of calcium and tin
in the grid alloy confers strength to the plate and ensures
sturdiness even in extensive cycle service. PbO paste
is added to the grid to shape the electrically dynamic
material. In the charged express, the negative plate glue
is pure lead and that of the positive PbO. Both of these
are in a paste structure to improve the surface zone and,
in this manner, maximize capacity (Oberst et al., 2015;
Aetukuri ef al. 2014):

Pb(s) + HSO™(aq) — PbSO4(s) +
H'(aQ) + 2€7 oo ®)

The arrival of two conducting electrons gives the lead
electrode a net negative charge. As electrons collect,
they make an electric field that draws in hydrogen
particles and repulses sulfate particles, prompting a
twofold layer close to the surface. The hydrogen particles
screen the charged anode from the arrangement, which
limits further responses except if the charge is permitted
to stream out of the electrode:

PbO,(s) + HSO™ (aq) + 3H" (aq) + 2¢” —
PBSO4(S) + 2HaO (1) oo )

The whole reaction can be expressed as:

Pb(s) + PbOx(s) + 2H,S0; (aq) —
2PbSO4(S) + 2HsO(1) wovvveeeeeereereeeerre (10)

There are six cells in the battery and each cell contains
9 plates 5 negatives and 4 positive 9 plates cell produces
8 amp/h.

The building blocks anode and cathode of a battery are
isolated by a separator. The separator is moistened with
electrolytes and structures a catalyst that advances the
development of ions from cathode to anode on charge
and in invert on release. lons are atoms that lost or
picked up electrons and get electrically charged. Figure
7 shows the lithium-ion cell with the separator and ion
stream amid the electrodes (Zhu et al., 2018).

The separator should contain only ions that can pass
through the separator, it should be porous US-Table-
0004. It should be thermally stable for the lead-acid
battery separator should withstand in the temperature
range of 40-70 °C. The separator should be corrosive
free in an acidic environment as they are immersed in

acidic electrolytes. The separator should not allow the
deposition of sulphates on their pores. According to our
standards for battery, the separator stiffness should be
greater than 20 (mN) US-Table-00009. The battery
separator is exposed to a highly oxidative environment;
the battery industry has developed a test to measure the
resistance of the separator to such an attack, which is
called the Perox 80 test; each type of separator has to
pass this test so that it could be used commercially. The
thickness of the separator should be 120-250 microns
for the lead-acid battery separator, according to US-
Table-0022. The functional electrical resistance of the
separator should be minimum as possible it can be
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minimized by increasing porosity. Firstly separators
were assembled of elastic, glass fiber tangle, poly-
ethylene plastic and cellulose.

Wood was the first decision; however, it gets worse in
the electrolyte. Materials including separators made
from rubber, PVC, synthetic wood pulp (SWP), glass
fibers, cellulosic fibers, polypropylene and combinations
there. The lead-acid separator must be penetrable and
the size of the pore extends from 300 to 500 nm. The
suggested porosity is 40-50% and holds sufficient fluid
electrolyte and empowers the pores (Ma et al., 2018;
Choudhury and Archer, 2016).

Materials and Methods

The formation of this PbSO, utilizes sulphate from the
H>S0O; electrolyte encompassing the battery. Accordingly,
the electrolyte turns out to be less concentrated. The
full release would bring about the two electrodes being
secured with PbSO,4 and water instead of H,SO,
encompassing the electrodes. At full discharge, the two
electrodes are a similar material, and there is no voltage
or chemical potential in the two electrodes, though
releasing stops at the cut-off voltage, sometime before
this point. The battery should not be discharged under-
neath this voltage, as appeared in Fig. 8.

The electrolyte contains H' and SO47% ions. The
conduction mechanism inside the electrolyte is using
the movement of ions through diffusion. Battery
electrolyte is a blend of sulphuric acid and refined water
64%. Now batteries have an electrolyte with 1.270
specific gravity at the temperature of 20 degrees Celsius
when completely energized. Specific gravity is the
heaviness of a given volume of fluid in correlation to
the heaviness of a similar volume of water. When the
specific gravity of fluid is higher, it is denser.

eegge
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Fig. 8. Working of electrodes.

Asim Mushtaq et al.

Specific gravity of electrolyte. Specific gravity implies
precise weight. A "Hydrometer" contrasts the specific
load of electrolytes and that of water. The electrolyte
in a charged battery is more grounded and heavier than
an electrolyte in a discharged battery. The electrolyte
in a completely energized battery is about 36% corrosive
and 64% water by weight. The battery electrolyte is a
blend of water and acid has a gravity of 1.270. These
are some issues as electrolyte loss, separator failure,
sulphation, full or near full discharge and stratification.

Electrolyte failure is high temperatures; overcharging
can cause lost electrolyte in batteries, increment in
temperature and weight will, in the end, bring about
the arrival of gas from the vent and because of progress
in the convergence of electrolyte, the battery execution
will be influenced. Sulphation lead sulfate crystals are
saved on the plates while charging the substance response
is turned around and lead sulfate changed over back to
lead and sulphuric acid yet not 100% and if the battery
is left for quite, while ( not completely energized state)
lead sulfate crystals will solidify. Electrolyte stratification
is a circumstance that can emerge where the acid focus
is higher at the base of the battery than at the top. This
circumstance will decrease the performance of the
battery. Stratification can create if a battery isn't being
completely energized. A stratified state may bring about
sulphating where the concentration of acid is high.
Overcharging can cause plate distortion. Full or almost
full discharge, permitting a battery to remain in a
condition of not being completely (or about completely)
energized, will prompt sulphation issues. Besides,
completely releasing (or almost completely releasing)
can make such changes to the battery's science that it
won't promptly energize.

Role of additives in lead acid battery. Adding chemicals
to the electrolyte of overflowed lead-acid batteries can
break down the development of lead sulfate on the
plates and improve the general battery execution. This
treatment has been being used since the 1950s (and
maybe more) and gives an impermanent exhibition
lift to aging batteries. It is a stopgap measure because
as a rule, the plates are as of now exhausted through
shedding. Chemical additives can not supplant the
dynamic material, nor can broken plates, eroded con-
nectors, or harmed separators be reestablished with an
outside cure. Expanding the service life of an aging
battery can be valuable as added substances are modest,
promptly accessible and worth the investigation for the
handyman. These salts may lessen the interior protection
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from giving a sulfated battery a couple of additional
long stretches of life. This quits shedding and keeps
sulfation from happening in new batteries and separates
existing sulfation in more established batteries.

Every additive has a different working phenomenon.
Some additives bring thermal stability to the battery,
especially in charging cycles the battery temperature
increases. Some additives dissolve sulfate and prevent
crystal formation on plates. Some additives break up
crystal sulphates that are agglomerated on plates. Some
additive prevent from corrosion happens basically on
the framework, and it is known as a "conditioning and
shedding" of the lead off the plates. Some additives
increase the self-discharging cycle/time period of a
lead-acid battery (Liu ef al., 2018; Kim et al., 2017).

The added substances that are utilized in a lead-acid
battery is magnesium sulfate (Epsom salt MgSO,) molar
mass 120.366 g/mol, liquefying point 1,124 °C, thickness
2.66 g/cm?® and dissolvable in water. When utilizing
Epsom salt, follow these simple strides to treat most
starter batteries. Warmth about 250 mL (8 fl oz or a
cup) of refined water to about 66 °C (150 °F), blend in
as much Epsom salt as the water can assimilate (a couple
of table spoons) and mix until broke up as appeared in
Fig. 9. Abstain from utilizing a lot of salt since substantial
focus expands the consumption of the lead plates and
the inner connectors. While pouring the warm solution
into the battery, the electrolyte level will raise, don't
expel electrolyte, and include as a lot of added substance
as the battery can take be careful not to overload. Try
not to put un-dissolved Epsom salt directly into the

battery because the substance doesn't dissolve well.
Instead of Epsom salt, take a pinch of caustic soda,
charge the battery after assistance.

Calcium (Ca) molar mass 40 g/mol, melting point 839
°C, density 1.54 g/cm? and in dull gray form, but shiny
when scratched as shown in Fig. 10. Calcium decreases
self-discharge; however, the positive lead-calcium plate
has the symptom of rising because of grid oxidation,
while being overcharged.

Sodium sulfate salt (Na,SO,) has a molar mass of 142.04
g/mol (anhydrous), melting point 884 °C and density
of 2.664 g/cm? is shown in Fig. 11. Sodium sulfate is
reputed to prolong the life of new lead-acid batteries
by 1.5 to 2 times and with cycling, to restore some good
life to old ones.

Ethylene-Di-amine tetra acetate EDTA is a crystalline
acid utilized in the industry with 292.24 g/mol molar
mass, melting point 237 °C, density 1.02 g/cm?, and
chemical formula C,oH;sN,Os as shown in Fig. 12. It
can be used to treat the used batteries EDTA dissolves
the sulfates and crystals. To treat a battery with EDTA,
you need to add a powder of one heaped tablespoon of
EDTA for car battery after addition of EDTA the battery
needs agitation for half an hour then the battery should
be left for a day or two and then the electrolyte should
be drained so that dissolved particles can be eliminated
from the battery and then new electrolyte should be
added in the battery and battery can be used. EDTA is
a treating additive which usually not added to the new
battery.

Fig. 9. Epsom salt.

Fig. 10. Calcium.



18

Fig. 11. Sodium sulfate salt.

Fig. 12. Molecular structure of EDTA.

Lignin sulfonate molar mass 96.06 g/mol, melting point
1,460 °C, density 0.55 g/cm?® and chemical formula
CioH6N2Os are shown in Fig. 13. Sodium lignin sulfo-
nate has a potential leveling agent for lead and of three
inorganic symbols as the conceivable impetus for the
Pb(II)/PbO, couple. The expansion of 1 g/dm? lignin
sulfonate prompts uniform stores without the propensity
to frame dendrites; however, it leads to a slight decline
in both charge and vitality proficiency for the battery.
Lignin sulfonate diminishes the un-pleasantness of the
lead store at the negative electrode. It does not increase
battery efficiency but it increases battery life.

Additive methane sulfonic acid (MSA). Impacts of
methane sulfonic acid and AMSA (aminomethy! sulfonic
acid) as added substances for positive electrolyte on
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electro-chemical execution and thermal strength were
studied. The two added substances can enhance the
thermal stability of electrolytes, and especially AMSA
has a good impact. Among the two added substances,
MSA enhanced the development of electro-chemical
action and energy. The cell utilizing positive electrolyte
with the added substance of MSA was collected and
the charge-release execution was assessed. The collected
cell utilizing MSA as a positive electrolyte added sub-
stance shows great cycling execution, with higher vitality
effectiveness and bigger release limit maintenance. The
electro-chemical performance-enhanced might be
credited to increasingly dynamic locales gave by SOsH
gathering. The upgraded hydrophilicity of the electrode
gave by sulfonic groups (SO;H) (Endrodi et al., 2018;
Balogun ef al., 2016).

With the advancement of new vitality, the lead storage
battery frameworks have pulled in a lot of consideration.
Among these advancements, lead storage has been
considered as one of them promising vitality stockpiling
frame works for irregularly sustainable power sources
due to its long cycle life, high vitality productivity, and
natural companionship. The business use of lead batteries
altogether advances the improvement of lead battery
innovation and it exhibits an incredible possibility for
use in wind turbine generators and photovoltaic. Low
electro-chemical and low solvency action of dynamic
species on the electrodes are two significant incon-
veniences of the lead battery. In the H,SO, solution, at
high temperature, hydrated Penta composed vanadate

A

Fig. 13. Lignin sulfonate.
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particle would change over to V,0s precipitation, which
constrains the vitality density of the lead battery. The
rising concentration of H,SO4 can upgrade the thermal
stability; in any case, it likewise bothers the thermal
stability. Including stabilizing agent is the best technique
to enhance the thermal stability. Some inorganic and
natural added substances have been picked and accom-
plished great impacts. Inorganic added substances, for
example, sodium hexa meta phosphate and soluble base
metal sulfate, were accounted for as great settling
operator for supersaturated sulfate solutions. Besides,
natural added substances, for example, surfactants,
dispersants, or other natural synthetics comprising SH"
and OH™ gatherings, trench, so improve the thermal
stability. Lead felt weaved with carbon fiber is the
broadly utilized terminal for lead battery on account of
its wide activity potential territory, great security, and
the high explicit surface region at a sensible expense,
in any case, lead felt cathode displays poor hydrophilicity,
electro-chemical movement, and energy. Thus far, an
assortment of adjustments of lead felt have been
accounted for to increase its electro-chemical action.
Sulfonic acid displays great electro-chemical execution
in other lead storage batteries.

In this study, methane sulfonic acid (MSA: CH3;SOsH)
were utilized as added substances to enhance the electro-
chemical performance and thermal stability of positive
electrolyte for lead storage.

Thermal stability. By oxidizing PbSOj, the electrolyte
was set up in the positive side of the electrolysis cell
that utilized H,SO, with a similar concentration on the
negative side as the catholyte. The end of electrolysis
was dictated by the ultraviolet-visible (UV—Vis)
estimation. The electrolyte of 2.0 M in 3.0 M H,SO,
with methane sulfonic acid was put away in a shower
at 35 °C for various inundation times (3 h, 6 h,9 h and
12 h), individually. The molar proportion of various
added substances in all estimations is 1%. Toward the
finish of submersion, the electrolyte was centrifuged
and examined by redox titration to decide the difference
ahead of the concentration of lead. Titrated the particle
concentration by sodium nitrite with N-phenyl anthranilic
acid as a marker. The shading was turned to splendid
green when the titration was finished.

Viscosity measurement. The viscometer is utilized to
quantify the viscosity of lead electrolytes with various
added substances. It is made with a specified volume
by timing solution moving over a capillary tube and

was determined by eq. (11).
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where:

p = solution viscosity; d = capillary diameter; y =
density; t = solution flowing average time over a capillary
tube.

X-Ray photoelectron spectroscopy. XPS was led to
examine the elements change on the lead surface caressed
when charge release test of the added substance of MSA
on a K-Alphal063 (Thermo Fisher Scientific, UK) with
X-beam source created at 6 mA and 12 kV in an ultra-
high vacuum of at 10 to 9 mBar. Afore the XPS test the
lead felt after charge release trial of the added substance
of MSA was dealt with essentially washed with deionized
H.O at that point, dried for 5 h at 60 °C.

Discharge tube test. The lead battery charge-discharge
tests were acted in the particular active cell, comprised
of two bits of polyacrylonitrile based graphite fondled
with 5 cmx6 c¢cm, two current collectors, and a for each
fluorinated ion-exchange membrane. The lead caressed
was enclosed and fixed with 5 cm thickness of poly-
urethane, and the polyurethane and ebb and flow
authority were fixed with silicone elastic. Electrolyte
incorporates 160 mL 1.2 min 3.0 M H,SO, as the
positive and 160 mL 1.2 in 3.0 M H,SO; as a negative.
The state of charge is zero percent toward the cycling
beginning. In the activity, the electrolyte was con-
sistently siphoned into the comparing half cell with
diffusive siphon at a stream pace of 50 mL/min. The
charge release tests were done by utilizing CT2001C-
10V/2A. The battery was Galvano statically charged
and released between 0.7-1.7 V at 40 mA cm*/current
density.

Result and Discussion

Thermal stability. To examine the thermal stability of
at raised temperature, fixed electrolyte with methane
sulphonic acid was set in a water shower at 50 °C,
separately. The impact of added substances on the
solubility ion at 50 °C. The concentration of ion is 2.02
M. It was observed that with increasing immersion time,
the concentration diminishes for all electrolytes and
with the addition of MSA, it is greater than a perfect
electrolyte for similar immersion time (Shaari ef al.,
2019; Saidi et al. 2019; Wang et al., 2019).
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Additionally, the concentration of MSA stays 1.14 M,
0.22 M greater than flawless electrolyte at 50 °C after
12 h. The enhanced thermal stability of electrolyte might
be because of that MSA can upgrade the unimportance
of particles which is anything but difficult to precipitate
and hydrate for cooperative energy of columbic repug-
nance and steric prevention. MSA containing SO;H
groups are adsorbed on the nuclei surface, improves
the superfluity of ions to hinder crystal development
(Veerasubramani et al., 2016; Aetukuri et al., 2014).

X-RAYS photoelectron spectroscopy. To study the
content variation of components on the graphite felt
fagade, the XPS estimation of lead felt when 40 charge
release cycles were done in the binding energy from 1
to 1350 eV. XPS spectra of lead felt when accusing
release trial of the added substance of MSA. The S2p
sign of graphite felt after accusing release trial of the
added substance of MSA are stronger than graphite felt
(Soundharrajan et al., 2020; Wang ef al., 2019). As
observed, the S content increments from 0.61% to
2.40%. It demonstrates that MSA containing SOsH
adsorbed on the lead felt surface (Liu ef al., 2018; Sun
etal.,2017).

The electro-chemical estimations recommend that better
response energy is accomplished by including MSA,
with a bigger diffusion coefficient, electro-chemical
response rate, and exchange current density consistent
enhanced. Also, the cell amassed with MSA as an added
substance of positive electrolyte shows 81.5% greater
vitality proficiency and 82.7% bigger discharge limit
retention. The results from XPS demonstrate that SO;H
groups can be presented on the electrode surface. The
enhanced performance of electro-chemical might be
attributed to increasingly dynamic locales and upgraded
hydrophilicity of the electrode gave by sulfonic groups
(Zhao et al., 2018).

In every observation, the battery is discharged at a
constant load of 155 Watts and DC supply devices.
After every discharge, the battery is always charged at
a constant voltage of 14.4 volts and for a time period
of 220 min. The battery is always discharged till it gives
5 volts. The electrolyte used is sulphuric acid and the
concentration is kept constant at 40% acid (Chatterjee
et al., 2020; Shen et al., 2020; Tamirat et al., 2020).

Figure 14 shows the efficiency of the battery without
additive, Efficiency = power given by in watt/hour
divided by the power given to the battery in watt/hour
= (420/600) x100 =70%. Thermal stability of the battery,
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Change in temperature during charging = Battery inside
temperature — Ambient air temperature = (38-29) °C =
9°C.

Figure 15 shows the efficiency of the battery with
additive; Efficiency = power given by in watt/hour
divided by the power given to the battery in watt/hour
= (432/600) x100 =72%. Thermal stability of the battery;
Change in temperature during charging = Battery inside
temperature — Ambient air temperature = (38-29) °C =
9°C.

N

0 A

Voltage (volts)

T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220
Time (minutes)
—— Increasing of voltage during charging

Fig. 14. The comparison result of charging and
discharging.

Voltage (volts)

0 20 40 60 80 100 120 140 160 180 200 220
Time (minutes)
On adding 0.2% Additive MSA
—— Charging

Fig. 15. The comparison result of charging and
discharging adding 0.2% additive MSA.
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Figure 16 efficiency of battery with additive; Efficiency
= power given by in watt/hour divided by the power
given to the battery in watt/hour = (425/600)x100 =
70.8%. Thermal stability of the battery, change in
temperature during charging = Battery inside tem-
perature — Ambient air temperature = (38-29) °C =9
°C.

Figure 17 efficiency of battery with additive; Efficiency
= power given by in watt/hour divided by the power
given to the battery in watt/hour = (440/600)x100 =
73.33%. Thermal stability of the battery, change in
temperature during charging = Battery inside tem-
perature — Ambient air temperature = (34-26) °C =8
°C.

Figure 18 efficiency of battery with additive, Efficiency
= power given by in watt/hour divided by the power
given to the battery in watt/hour = (450/600)><100 =75%.
Thermal stability of the battery, change in temperature
during charging = Battery inside temperature — Ambient
air temperature = (35-27) °C = 8§ °C.

Figure 19 efficiency of battery with additive, Efficiency
= power given by in watt/hour divided by power given
to the battery in watt/hour = (457.5/600)x100 =76.25%.
Thermal stability of the battery, change in temperature
during charging = Battery inside temperature — Ambient
air temperature = (36-29) °C =7 °C.
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Fig. 16. The comparison result of charging and
discharging the battery by adding additive
MSA (0.5%).

Figure 20 efficiency of battery with additive, Efficiency
= power given by in watt/hour divided by the power
given to the battery in watt/hour = (472.5/600)x100
= 78.75%. Thermal stability of the battery, change in
temperature during charging = Battery inside tem-
perature — Ambient air temperature = (34-29) °C =6
°C.
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Fig. 17. The comparison result of charging and
discharging the battery by adding additive
MSA (1.0%).
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Fig. 18. The comparison result of charging and
discharging the battery by adding additive
MSA (2.0%).
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Figure 21 efficiency of battery with additive, Efficiency
= power given by in watt/hour divided by the power
given to the battery in watt/hour = (487.5/600)x100 =
81.25%. Thermal stability of the battery, change in
temperature during charging =Battery inside temperature
— Ambient air temperature = (39-29) °C = 10 °C (Cheng
et al., 2018; Endrodi et al., 2018; Zhao et al., 2018;
Kim et al., 2017; Lin et al., 2017; Singh and Chandra
2016; Balogun et al., 2016).
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Fig. 19. The comparison result of charging and
discharging the battery by adding additive
MSA (2.5%).
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Fig. 20. The comparison result of charging and
discharging the battery by adding additive
MSA (3%).
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Fig. 21. The comparison result of charging and
discharging the battery by adding additive
MSA (3.5%).
Conclusion

The performance of lead-acid batteries is enhanced by
adding MSA. It was found that among two added
substances MSA and AMSA, MSA can better enhance
the electro-chemical performance and thermal stability.
The electrochemical performance-enhanced might be
credited to increasingly dynamic locales gave by SO;H
gathering and the upgraded hydrophilicity of the
electrode gave by sulfonic groups. It was observed that
the concentration diminishes with increasing immersion
time for all electrolytes, and with the addition of MSA,
it is greater than that of the perfect electrolyte for similar
immersion time. The electro-chemical estimations
recommend that better response energy is accomplished
by including MSA, with a bigger diffusion coefficient,
electro-chemical response rate, and exchange current
density consistently enhanced. Also, the cell amassed
with MSA as an added substance of positive electrolyte
shows 81.5% higher vitality proficiency and bigger
discharge limit retention up to 82.7% in 40 cycles. The
XPS results demonstrate that SOsH groups can be
presented on the electrode surface.
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