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Experimental Analysis of Lead Acid Battery by Introducing
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Abstract:

In this paper, an experimental analysis of grid material for a lead acid battery is
presented, where graphene is introduced in lead by using powder metallurgy technique. In
proposed composite, the graphene is added to grid material of lead acid battery to increase
battery life cycle, performance, charge acceptance rate. Four lead-graphene composite specimen
of different composition are developed, for performing the series of tests to analyze charge
acceptance rate. of lead acid battery. The graphene and lead are used with different percentage
ratios, a good percentage of the graphene is found between the 0.5% to 2.0%. Experimental
result shows the effectiveness of composites prepared. The results obtained also compare with
the spongy lead which is being normally used in lead acid batteries.

Keywords: energy storage devices, energy storage materials, Graphene, Lead acid battery

1. Introduction

Potential use of graphene is the thinnest
material and has a potential use in different
daily life applications is in increasing. It is a
hexagonal two-dimensional lattice, made of a
single layer of bonded carbon atoms. Defect
free, single crystalline graphene possess the
highest strength and exhibits unique
mechanical, electrical and thermal properties
[1-5]. The lead is a heavy metal with greater
density as compared to graphene. Graphene is
a best candidate for electrode material to store
the energy.

As, there are different sources to generate
electric energy. The search is still going on to
replace the non-renewable sources with
renewable sources to generate the electric
energy. Wind turbines and solar panels are
good example of renewable sources, but these

sources are not available 24/7 and vary from
seconds to hours and days [6]. Therefore,
storing of electrical energy is required to
overcome the intermittency. It is important that
the battery should be reliable and capable of
delivering required power and energy when
required. Battery is a series of cells and can be
used to store electrical energy. Different
combinations of materials can be used to
manufacture cells, examples are Sodium-
Sulphur  (NaS), nickel-cadmium (NiCd),
Lithium polymer (Li-ion polymer), lead-acid
(Pb), and Lithium-ion (Li-ion) [7-9]. There are
different selection criteria for battery, like life
cycle, depth of discharge robustness, power
density, cost, temperature, and so on [10-11].
Besides traditional use of lead acid batteries in
electric vehicles, load leveling, and solar
energy storage has been observed, this new
trend demands certain challenges in the design
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too. Charge acceptance rate is one of those
challenges.

The main problems with the rechargeable
batteries are sulfation of electrolyte,
stratification of electrolyte, electrode corrosion
and non-cohesion of dynamic mass. These
failures lead to decrease in life cycle,
performance, charge acceptance rate etc. of
rechargeable batteries. This research focused
to increase charge acceptance rate of the grid
material that indirectly leads to increase life
cycle and performance of lead acid batteries,
by using graphene. Phosphoric corrosive, the
most every now and again considered
electrolytic added substance, with positive and
negative consequences for battery
performance [12]. H3PO4 was found to
decrease sulfation, particularly after profound
release [13], increment the battery cycle life
[14] and back off self-release [15]. The
genuine disservice of expansion of H3PO4 was
observed to be a misfortune in cell limit [16].
The impact of H3PO4 on the effectiveness of
arrangement of PbO2 on positive- framework
amid charging was noticed to rely upon the
charging constraints. Citrus extract as an
electrolytic added substance was accounted for
to diminish oneself release of lead-corrosive
batteries by the concealment of PbO2
reduction [17].

Whenever, the amount of electrolyte and
water increases more than maximum rate,
chemical reaction takes place and reacts with
lead and other metals in the battery. Which can
cause sulfation and damage internal parts of
battery, because of corrosion charge rate
decrease and battery can discharge at very
short amount of time. Sulfate affects the
charging cycle, results longer charging times
and incomplete charging with higher battery
temperature [18,19]. The low energy density
and slow charging are major drawback of lead
acid batteries [20]. The configuration of
battery grid can also improve the efficiency
[21].

The aim of research is to increase the
charge acceptance rate, enhance life cycle &
improve efficiency of lead acid battery by
using a such enormous material that is

graphene. Present experimental analysis is
focused on contribution in greening the
environment. Some percentile of graphene is
introduced in lead by powder metallurgy
techniques, which is used as grid material.
Graphene is an allotropic form of carbon and
has properties of super conductor it does not
participate in the reaction but only protect from
the corrosion and reduce the resistance
between the spongy lead and sulfuric acid. In
this study two approaches are applied
experimental approach as well as analytical
approach to achieve improvement in the lead
acid battery.

2. Specimen Preparation

The powder-metallurgy process comprises
of 4 essential steps: (1) Powder Fabrication (2)
Mixing (Blending) (3) Compaction (4)
Sintering.

The first step of Powder Metallurgy is
powder manufacturing as shown in Fig. 1. It
involves preparing, characterizing, and
treating material powder which may have solid
stimulus on the quality of the final finished
product. The size of powder particles normally
ranges from 1-100 pm, preferably 10-20 pum.
Fig. 2 shows the Powder blending and
compaction. Mixing grants consistency in
states of the powder particles and facilitates
mixing of various powders particles to enhance
physical properties.

Powder
Fabrication
[ Mixing }'[ Compaction P[ Sintering

Fig. 1. General procedure of powder
metallurgy method.

Secondary
machining

Final
Finished
product

Secondary
Finishing

SJET | ISSN: 2616-7069 | Vol. 3 | No. 2 | © 2020 Sukkur IBA University
2



Muhammad Atif Qaimkhani (et al.), Experimental Analysis of Lead Acid Battery by Introducing Graphene & Lead

Composite

(pp.1-12)

@) (b)
Fig. 2. (a) Powder Blending (b) Powder
Compaction.

Lubricants can be added to amid mixing to
enhance the stream and lessen the contact
among powder and bites the dust. Binders can
be added to enhance the green quality of
material amid compaction process. The
compaction pressure ranges between 3 to 120
tons/in2. The compaction exercise reduces
empty space, enhances density, and produce
grip and bonding between powder particles to
enhance strength. The sintering process is used
to convert powder into finished parts, it
compacted in a furnace to a temperature below
the highest melting point from the constituents.

In this study solid state sintering was used
to increase the high strength for that the
sintering temperature was set at 229°C which
is 69.92% of the melting point of lead and let
them further covering all area of the sample for

Fig. 3.Final product / Finished Specimen.

Specimens of same size and shape with
varying compositions were developed as per
data given in table-1. Electrical properties and
their difference have been noted of every
sample by same procedure. These samples are
varied in thickness and in percentage of
materials used in composite. Electrical
resistivity and conductivity have been carried
out.

3. Experimental Analysis:

The four specimens of composites were
developed with different composition of lead
and graphene. Electrical properties and their
difference have been noted of each specimen.
A series of tests are conducted to analyze the
charge acceptance rate of lead acid battery.
Such tests include electrical resistivity, cyclic

an hour in a controlled furnace and later on \Iloltar;metry, telectricall_ COEdUCtiV,:ty'
slow cooling of specimen done by natural air. Empe ance i Spectra, - cyclic Vo a;mme try,
After processing all basic steps of powder Snergy |spersn|/e . X-ray  Spectrometer,
metallurgy, the final product is shown in Fig. ~ >¢aNning glectron MICroscopy,
3, needed no further machining. Microstructure, Corrosion test & charge
' potential.
TABLE I.  Specimen Characteristics
Electric
Lengt . . Electrical al
Sr.# | Composition (%) h V\(I:g;h '(A‘r:i? Resgz;mce Resistivity | Conduc
(m) (Q*m) tance
(s/m)
1 Lead =99.5 | 4 154 | 0.054 | 0.002016 17 0.0918 | 10893
Graphene = 0.5 2
2 Gr';;?i:sg'g 0 0.054 | 0.054 | 0.002916 15 0.081 12.346
3 G:;\;?%:sifl) 5 0.054 | 0.054 | 0.002916 15 0.081 12.346
4 Lead =98.0 | 4 154 | 0.054 | 0.002016 17 0.0918 | 10893
Graphene = 2.0 2
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3.1. Microstructure test:

Microstructure test has been carried on
Metallurgical Microscope at Laboratory of
Metallurgy &  Materials  Engineering
department laboratory, in which 2% etchant of
natal added on the surface of each sample after
grinding the samples at 2000 waterproof paper.
This test shows proper mixing of both
materials, surface of samples is tested and
verified, which give us optimum results that
these materials are added and bounded
properly or not.

Specimen No. 01 at
<00 magnification

@) )

© )

Fig. 4. (a) graphene is 0.5% and lead is

99.5%. (b) graphene is 1.0% and lead is 99%.

(c) Graphene is 1.5% and lead is 98.5%.
(d) graphene is 2% and lead is 98%.

Fig.4 for each samples at 500 zoom extent
shows the granular structure of both materials.
In Fig. 4 (a) the composition percentage of
graphene is 0.5% whereas the percentage of
lead is 99.5%. The magnification of this figure
is 500x zoom and analyze material structure
on the surface of the composite. Dark grey
color shows the presence of graphene whereas
white color shows lead. From the Fig. 4(a) it
is noted that at some points graphene is not
properly mixed and that made bulk of
graphene is there instead of granular structure
shown in dark gray color. At these points
current density is high, but chances of
disintegration are also high. In Fig. 4(b) the
composition percentage of graphene is 1.0%
whereas the percentage of lead is 99.0%. The
magnification of this figure is 500x. It is
shown in the Fig. 4(b) that mixing of both

materials is not equal because most of the
graphene is not mixed properly with lead. It is
also noted that 99% of lead is mixed with
minimum of amount of graphene. Whereas the
excess amount of graphene can dispute easily
in open atmosphere. In Fig. 4(c) the
composition percentage of graphene is 1.5%
whereas the percentage of lead is 98.5% and
the magnification of this figure is 500x. the
Fig. 4(c) shows the proper mixing of both
materials all over the surface. This proper
mixing can withstand with high conductivity
and no powder can dispatch or dilute with
acid. In Fig. 4(d) the composition percentage
of graphene is 2.0% whereas the percentage of
lead is 98%. The magnification of this figure
is 500x. The Fig. 4 (d) shows that excess
amount of graphene is not mixed properly
with lead. It concludes that this sample can
easily break down if high flow of charge or
applied voltage high.

3.2. Charge potential test:

Charge potential test was carried out in the
electrical of engineering  department
laboratory, by using DC power supply SPS-
1820 in which material is placed between the
electrodes and vary the voltage ranges from
0.7V to 2.2 V and observing that how much
current can easily pass from these voltage
ranges. Observation table readings which
collect from this test are given in Table 2 and
graphs in Fig. 5 to Fig. 8 are plotted based on
these results.
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TABLE Il

Specimen Characteristics

Specimen No:01 Specimen No:02 Specimen No:03 Specimen No:04
Pb=99.5% Pb=99% Pb=98.5% Pb=98.0% C=2.0%
C=0.5% C=1.0% C=1.5%
Voltage | Current | Voltage | Current | Voltage | Current | Voltage Current
(V) Volt | (DAmp: | (V) Volt | (DAmp: | (V)Volt | (DAmp: | (V)Volt (DAmp:
0.82 7 0.70 4.2 0.73 10 0.82 49
1.0 9 0.96 6 0.82 12.9 1.0 6.2
1.23 12.0 1.0 1.05 16 1.25 12.6
1.41 15.0 1.20 1.20 17.7 1.47 17.0
1.60 15.7 1.46 10 1.42 17.8 1.63 17.2
1.80 18.0 1.66 11.8 1.62 18.1 1.82 17.7
2.0 19 1.82 16 1.84 18.3 2.05 20.0

In Table 2 these current and voltage values
shall measure from the D-C power supply to
find out that how much lead acid battery will

Current {I)

perform work on these electric potential
ranges. By keeping the constant range of
voltage for every sample, variation in current

is noted.

Specimen No., O1

0.2 a 1.2

1.4 1.6 1.8

2.2

Vvoltage (v)

Fig. 5. The composition of graphene material is 2.0% and lead is 98.0%.

Specimen No. 02
is

15
14
iz

10

Current (1)

0.8 i 1.z

1.4
Voltage (v)

Fi

Q

. 6.the composition of graphene material is 1.0% and lead is 99.0%.
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Theses graph shows how much a current is
gained at a specific range of voltage. Fig. 5, is
analyzed that the current conduction of this
specimen-01 is low as compare to other
specimens which shows that graphene and lead

are not mixed properly because at same
applied voltage current varies and
comparatively to other specimens, its charge
rate is slow that it requires more voltage for
same conduction of current.

Specimen No. 03

Current (1)

0.6 0.8 1 1.2

1.4 1.6 1.8 2 2.2

Voltage (v)

Fig. 7.the composition of graphene material is 1.5% and lead is 98.50%.

Specimen No. 03
22 | |
20 177 178 181 5 183
13 16 J ........
16 e R
z 14 129
£ 57
=3
“ 10 /
a
6
4
0.5 0.8 1 1.2 1.4 16 1.8 2 2.2
Voltage (v)

Fig. 8. The composition of graphene material is 0.5% and lead is 99.5%.
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In Fig. 6, the composition of graphene material
is 1.0% and lead is 99.0%. it is analyzed that
applied voltages current conduction is less than
specimen-01. In Fig. 7, the composition of
graphene material is 1.5% and lead is 98.5%.
The specimen-03 can conduct maximum
amount of current at peak amount of voltage
and remains constant at that range of voltage,
which shows that graphene and lead can
withstand high current density. In Fig. 8, the
composition of graphene material is 2.0% and
lead is 98.0%. it is analyzed that the current
conduction of specimen-04 is low as compare
to other specimens, which shows that graphene
and lead are not mixed properly because at
same applied voltage current varies and
comparatively to other specimens, its charge
rate is slow that it requires more voltage for
same conduction of current.

3.3. Scanning electron microscopy test

The technique was instated with the
smooth cutting of center chips and their
mounting test stub, utilizing a conductive
twofold sided-carbon arrangement tape. The
primary and secondary that is anodic and
cathodic motion of electrons forms bright
images of specimen. Scanning electron
microscopy test of every specimen is carried
out at 100 zoom extent and applied 20KV.

In Fig. 9(a), the specimen no. 1 shows that
primary electrons which only passes from lead
and very little from graphene whereas
secondary electrons are scattered around the
surface. The grey color shows the
concentration of lead and graphene whereas
black shows the void or unmixed material.

200/ X100904000m

(©) (d)

Fig. 9. Microstructure test of Specimens

CPAG-UoS

at 500x magpnification.

Those electrons which pass from the
specimen shows the materials are properly
mixed and conduction of charges will be
continuous at these points. Fig. 9(a) is
electronic image and shows that the material in
specimen no. 1 is making bulk instead of
making granular structure at the center of
sample which leads to the breakage of
specimen by applying continues amount of
force or by sudden high voltage. In Fig. 9(b),
the specimen no. 2 shows that most of the
material is properly mixed and primary
electrons passed through it whereas at the
upper side of sample voids are appeared, which
shows that electrons cannot pass through this
area. This sample can easily diffuse when it
reacts with acids. In Fig. 9(c), the specimen no.
3, it is noted that both materials are mixed
properly, and no voids are appeared. This
shows all the electrons are passed from the
specimen and the whole sample can conduct
current at every point of it. In Fig. 9(d),
specimen no. 4 shows that the upper corners of
this sample are not mixed properly, and
electrons scattered back and there are some
other voids in center of sample. Fig. 9(d)
shows that flow of charges at any point will not
be continued.

3.4. Energy dispersive X-Ray
spectrometer test

Energy dispersive X-ray spectroscopy test
is conducted to identify and quantify the
elemental  compositions in  developed
specimens. From Fig. 10, it is noted that less
amount of graphene is mixed and 0.5% of
graphene is used specimen no. 01. Because of
minimum amount of graphene additives are
less. Only oxygen is present in this specimen.
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PECIMEN No. 01

2

Fig. 10. Energy
spectrometer test of specimen No. 01.

SPECIMEN No. 02

?
6 8

eV

dispersive

X-Ray

ps/ev

J

Fig. 11. Energy
spectrometer test of specimen No. 02.

cps/ eV

SPECIMEN No. 03

' '
8 keV R

dispersive

'
10

12

X-Ray

9

2

Fig. 12. Energy
spectrometer test of specimen No. 03.

A

i

'
L) keV S

dispersive

10

2

X-Ray

cps/eV.

FEEE

1‘1

Fig. 13. Energy dispersive X-Ray
spectrometer test of specimen No. 04.

Fig. 11, for specimen no. 02, where 1% of
graphene is used. It is analyzed that different
materials are found such as aluminum, iron etc.
These additive materials can damage the
composition and can react with acid. Fig. 12 is
for specimen no. 03, where 1.5% of graphene
is used and from the graph, equal amount of
other crystalline materials is found. These
additives are not reacting with lead but can
easily react with acid and can generate the
gaseous issues. From Fig. 13 is clearly shown
that graphene is not mixed properly with lead
and because of excess amount of graphene
additives are present at high rate. It can damage
sample easily and cannot be used for more
cycles. From all these figures, it can be
identified that in these material lead and
graphene have some unknown crystalline
additives are added which are present in every
sample. These materials include carbon, iron,
calcium, aluminum etc. they may be because
of testing equipment or might be because of
carbon in graphene. But all these additive
materials are at very short amount in each
sample which may not damage the sample
mixture.

3.5. Corrosion test

This test for the internal protection of the
battery. In these test Tafel plots are generated
between the log current and potential which
shows the how much log current resist at the
different voltage. This is done by putting a
sample in 25% of dilute sulfuric acid with three
electrodes terminal then dip in the container
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and run the program on computer then plots are
generated automatically.

460
465
470
475
480
-485
490
495
500
505
510

L
SPECIMEN No. 01

log(Current/A)

-51?100 »0'90 ~0'80 -0.70 -0.60 »0'50 -0'40 030 -020 -0.10
Potential / V vs Ag/AgCl
Fig. 14. Corrosion test result of specimen
No. 01.

40
42
44
46
48
50
52
54

SPECIMEN No. 02

log(Current/A)

56
58

50 :
-1.00 09 -080 -070 -060 -050 -040 -0.30 -020 -0.10
Potential / V vs Ag/AgCl

Fig. 15. Corrosion test result of specimen
No. 02.

29 SPECIMEN No. 03

log(Current/A)

35
36
37

38 T T T T
-100 -090 -080 -070 -060 -050 -040 -030 -020 -0.10
Potential / V vs Ag/AgCl

Fig. 16. Corrosion test result of specimen
No. 03.

8.02070

SPECIMEN No. 04

8.02960

8.02950

8.02940 |

8.02930

log(Current/A) / 1e-4

8.02020

8.02910
<100 -090 -080 -070 -060 -050 -040 -030 -020 -0.10
Potential / V vs Ag/AgCl
Fig. 17. Corrosion test result of specimen

No. 04.

Fig. 14 for specimen no. 01 shows that with
the less amount of voltage and current,
corrosion increases. Here graphene is diluting
in acid rapidly it is not mixed properly. Fig. 15
for specimen no. 02 shows that decrease in
voltage and current are not affecting on
corrosion, it remains constant. That means by
this concentration of specimen no. 02 constant
dilution of materials in acid occurs. Fig. 16 for
specimen no. 03 shows that at very amount of
current and voltage, minimum corrosion
occurs, which means that both materials are
mixed properly, and less amount of material
can be transmitted in acid and less corrosion
occurs. Fig. 17 for specimen no. 03 shows that
high amount of corrosion occurs at constant
rate, at each cycle material will be transmitted
in acid at large quantity.

............................................

3.6. Impedance Spectra test

This test is based on computer software and
plots are generated between the log ohm and
potential. This is done by putting specimens in
25% of dilute sulfuric acid with three
electrodes terminal then dip in the container
and run the program to generate the plots. If the
value of impedance is a smaller amount, then
it will accommodate fast charge and charge
capacity will have increased.

Fig. 18 for specimen no. 1 shows that at the
range of 0.8V to 2.2V maximum current that is
3.3 Z/Ohm have achieved but that will not be
efficient because at very minimum voltage
range such quantity of current can generate
heat. Fig. 19 for specimen no. 2 shows that at
voltage ranges 0.8V to 2.2V less amount of
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current is conducted, which means materials - eaMEnN0 S
are not properly mixed. Because of low 22

conductivity of charges, it causes great amount "

of corrosion. Fig. 20 for specimen no. 3 shows
that it is analyzed that at range of 0.8V to 2.2V

log (Z/ohm)

peak amount of current is conducted. The &

specimen no. 3 is efficient to use because there 14

will be less chances of corrosion. Fig. 21 for .

specimen no. 4 shows that it can conduct good

rate of charge but because of fluctuations it can Me o5 Mo 12 14 16 18 20 22

Potential / V
Fig. 21. Impedance spectra test result of

break easily at very low voltage range.
‘ specimen No. 04.

SPECIMEN No. 01

30 ‘1;,_::‘ “z  3.7. X-Ray diffraction test

g X-beam powder diffraction is a fast-
S ™ expository method mainly developed for stage
o distinguishing proof of a crystalline-material

o
~

and can give data at unit-cell measurements.
Fig. 22 shows bulk analytical composition of
all specimens. The maximum peak of lead is

- 0~
» o

>

16

06 08 10 12 14 16 18 20 22 lying in between the 30-40 degree of all
. FRSER specimens. Although we can define the
Fig. 18. Impedance spectra test result of  material which is present in all specimens
specimenNo.0L. based on energy dispersive x-ray spectrometer.

14

s
H

=
s

log (Z/ohm)

o
=

SPECIMEN No. 02
086 »

0 0 0 50 &
Theta (Degrees)

woR e B Ly W Fig. 22. XRD test results of all specimens.

Fig. 19. Impedance spectra test result of g Cyclic voltammetry (CV) test
specimenNo.02. =~ , This technique is used to measure the

SPECIMEN No. 03

24 current that develops in an electrochemical cell
- Fachis under conditions where voltage is more than
1 that predicted by the Nernst equation. Cyclic
£ 16 voltammetry test is performed by cycling the
s = potential of a working electrode, and
S 1.3 measuring the resulting current is performed
08 by cycling the capability of a working cathode
0 and estimating the subsequent current. Fig. 23
M5 0 10 12 14 18 15 20 22 shows that at 10 repeating cycle, voltage
) Potential /v ranges from 0.6V to 2.2V and current 9.80A. It
Fig. 20. Impedance spectra test result of  gnows that every cycle there is chances of
specimen No. 03. breakage of material or dispatching can occur

at very low quantity. Fig. 24 shows that that at
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10 cycles there is no any point of breakage and
constant amount of reduction from material
occur at same voltage range and current. Fig.
25 shows that at same voltage range and
current constant amount of reduction occurs
that is with increase in current at maximum
level constant dissipating occurs. It will
decrease the life span of specimen. Fig. 26
shows that at same voltage range it conducts
very low current and constant reduction of
material in each cycle occurs.

SPECIMEN No. 01

Potential / V vs Ag/AgCl

Fig. 23. CV test result of specimen No. 01.

%19 SPECIMEN No.02 : :

9.60

950
«
F o
= 930
=
£ 020
S 910
O

9.00

8.90

8.80 T T T T
06 0.8 10 12 14 16 18 20 22

Potential / V vs Ag/AgCl
Fig. 24. CV test result of specimen No.
02.

1004t a b by
9.0
8.0 SPECIMEN No. 03
70
6.0
5.0
40
3.0
20
10

)
06 08 1.0 12 14 16 18 20

Potential / V vs Ag/AgCl
Fig. 25. CV test result of specimen No.
03.

Current / le-4A

SPECIMEN No. 04

<
w7

Q13

06 08 1.0 12 14 18 18 20 22
Potential / V vs Ag/AgCl

Fig. 26. CV test result of specimen No.
04.

4, Conclusion

The objective of this research was to
increase the charge acceptance rate, enhance
life cycle & improve efficiency of lead acid
battery and achieved by using an enormous
material graphene with lead material. By
changing material composition (lead &
graphene) and performing experiments,
satisfactory results and improvement was
observed in the charge acceptance rate of the
lead acid battery grid material. The results
obtained also compare with the spongy lead
grid material, which is currently being used in
lead acid battery. The experimental analysis
concluded that graphene and lead composite
can be used as grid material but there are some
limitations.

In this study graphene was used from 0.5%
to 2.0%. A good percentage of the graphene
may be used between the 0.5% to 2.0%. In
some range 0.5% of graphene in lead may not

be acceptable because of the cyclic
voltammetry  (CV)  performance. CV
performance of 0.5% graphene in lead

increases the oxidation current which means
that will leads to instability, whereas 2.0%
graphene in lead, corrosion rate is too fast.
Finally, it was concluded from all specimens
that sample no. 3 in which 1.5% of graphene
was used with lead, is more efficient and can
be used for grid.
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