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Abstract—This paper studies the impact of Pulse Voltage as
Desulfator to recover weak automotive Lead Acid Battery
capacity which is caused by Sulfation. This technique is used to
overcome the premature loss of battery capacity and speed up
the process of charging and extend the lead acid battery life cycle
3 to 4 times compared with traditional charging methods using
constant current. Sulfation represents the accumulation of lead
sulfate on the electrodes (lead plates). This phenomenon appears
naturally at each discharge of the battery, and disappears during
a recharge. This is common with starter batteries in cars driven
in the city with a load-hungry accessory. A motor in idle or at low
speed cannot charge the battery sufficiently. Voltage pulse
decompose the sulfate (PbSO4) attached to the electrode which is
the main cause of the loss of capacity. In this paper, we study the
effects of the recovery capacity of a Lead Acid Battery. Voltage
pulses will be applied on a commercial automotive battery to
collect data, using a charger/Desulfator prototype based on a
PCDUINO. The experiment results show that there is
improvement of Cold Cranking Amps level, and charge time
duration of the Lead Acid Battery after using our prototype.
Keywords—Lead acid battery; desulfator; pulse charging; cold
cranking; sulfation

I.

INTRODUCTION

In the last few years there has been a growing interest in
batteries, they have revolutionized the way of storing
electrical energy. Its use is widespread and growing, it helps to
have a reserve of electrical energy autonomous and mobile
cell phones, photovoltaic systems, space equipment, laptops
and other devices to public or industrial use. Especially since
the battery is a power source that can partially replace the use
of internal combustion systems used in the new generation of
hybrid electric cars and this to reduce the emission of
greenhouse gases which is now the major concern of
humanity. To use a battery effectively, it is necessary to
understand its dynamics and discover the parameters which
may affect its performance. The problem with these types of
batteries is that they need to maintain their useful life capacity
as long as possible and to optimize the use of their energy [1],
[2].

Nomenclatures
PbSO4

Lead(II) Sulfate

H2SO4

Sulfuric Acid

Pb

Lead

PbO2

Lead dioxide

Abbreviations
PWM
LAB
SLI
CCA
DOD

Pulse-Width Modulation
Lead Acid Battery
Start, Lighting, Ignition
Cold Cranking APMS
Depth of Discharge

A. Research Purposes
The purpose of this study is:
 To examine the effect of a recovery made from lead
acid battery capacity using a pulse voltage charging
method on a battery that has a low storage capacity.
 Verify and validate the circuit prototype producing
voltage pulses that have been made previously.
B. Problem Formulation
How the method of “charge pulse” helps lead acid
batteries to recover their capacity, what is the effect of these
“impulsions” on batteries. To do so, we will take an interest in
the value of power starter/cold cranking amps and the duration
of charging a lead acid battery.
C. Scope of the Experiment
Study was conducted using commercial automotive
batteries on the market. The charging process is done by using
our prototype charger based on PCDUINO shown in Fig. 1
and an algorithm programmed with python language.
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Based on the above reaction PbSO4 will be formed at the
positive electrode and negative electrode during charging or
using the battery while in the process of charging the electrode
PbSO4 will decompose and become Pb, PbO2 and H2SO4 [7].
Lead acid battery construction can be seen in Fig. 2.
C. Desulfation
There is a way to reverse the sulfation process of a battery.
This consists of sending electrical pulses to the battery with a
resonance frequency (between 2 and 6 MHz). During this
process, the sulfur ions collide with the plates, which have the
effect of dissolving lead sulfate covering them. The shape of
the voltage pulse can be seen in Fig. 3.

Fig. 1. Desulfator programmable main board.

II.

THEORETICAL FRAMEWORK

A. Charging Process of a Lead Acid Battery
Lead acid battery have anode made of lead (Pb) and the
cathode made from lead dioxide (PbO2), H2SO4, and a
separator between the two electrodes. The chemical reaction
that occurs at the positive electrode and negative electrode of
the battery are as follows [3]:
discharge

 2 PbSO4  H 2O
PbO2  Pb  2 H 2 SO4 

positive
plate

negative
plate

charge

Fig. 3. Output pulse shape.

B. Sulfation
Sulfation represents the accumulation of lead sulfate on the
electrodes. This phenomenon arises naturally in every
discharge of the battery [4]-[6], and disappears when a refill.
However, under certain conditions (too deep or prolonged
discharge, large temperature, gasification of the electrolyte),
plates of stable lead sulfate appear and are not dissolved
during charging. Lead sulfate thus generated decreases battery
capacity by preventing the reactions on the electrode and its
low electrical conductivity.

D. Lead Acid Battery Capacity and Peukert Law
Understanding battery capacity refers to the amount of
energy that can be stored. Lead acid battery manufacturers
often use the specification known as Amp Hour to provide an
indication of the stored battery capacity. But lead acid battery
capacity will be determined by the amount of load current.
This means that greater the load on the battery, the less
realized capacity you will have. This phenomenon is called
Peukert law [8].
E. Lead Acid Battery Types
Based on the application, the LAB can be divided into
several types [9]:
 SLI (Start, Lighting, Ignition) which is used in
automotive.
 Stationary to support the power supply to generate and
store electrical energy used in telecommunications
systems, electric utilities centre, and computer systems.
 Traction, to power transportation equipment such as
forklifts, electric cars, and mining equipment.
 Battery specially meant for the use of aircraft,
submarines and military equipment.

Fig. 2. Construction of a lead acid battery.

F. Starter Power
World power industry uses standard automotive starter
with a size of Cold Cranking APMS (CCA). The number
indicates the current in ampere that the battery can deliver at –
18°C (0°F) for 30 seconds, while being able to provide a
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voltage of 1.2 volts per cell or higher. American and European
norms differ slightly.
G. Depth of Discharge
Depth of Discharge (DOD) is used to describe how deeply
the battery is discharged. If we say a battery is 100% fully
charged, it means the DOD of this battery is 0%, If we say the
battery have delivered 40% of its energy, here are 60% energy
reserved, we say the DOD of this battery is 40%. And if a
battery is 100% empty, the DOD of this battery is 100%. DOD
always can be treated as how much energy that the battery
delivered.
III.

RESEARCH METHODS

A. Stages of Research
Flowchart of this research can be seen in Fig. 4. The
research began with a literature study, followed by the
preparation of the batteries to be tested. Battery preparation is
intended to obtain a battery which has a weak storage
capacity, so that we can see the effects of the voltage pulse
charging technique on the capacity of the lead acid battery.
Battery preparation is done by charging with a constant
current for 30 cycles. After the battery is ready, treatment is
initiated by the load voltage impulsion, respecting the
manufacturer's specifications. Throughout the charge cycle the
battery data are collected and stored to analyse the effects of
this voltage pulses on the capacity of the lead acid battery.
B. Data and Sources
Data:
1) Results of voltage measurement.
2) The capacity and time.
3) Battery power starter.
Sources:
1) Instruments measurement of capacity.
2) Battery manufacturer specifications.
IV.

RESULTS AND DISCUSSION

A. Battery Preparation
The lead acid battery used were NS60, that has been used
for 4-6 months on the vehicle, with the condition Voltage
12,29 Volt, 195 CCA starter power, according to standards
Issued by Yuasa, NS60 starter has a standard power of 325
CCA.1
Aside from the value of the starter power of the lead acid
battery, capacity can also be seen through the value of the
voltage, a battery which has a value voltage of 12.65 V is said
to have a capacity of 100%, 12.40 V is said to have a capacity
of 75% [10]-[13].

Fig. 4. Stages of research.

B. Experiment and Data Collection
The lead acid battery that has been used is measured by
Battery Analyzer BT 747 DHC, to know the initial conditions
of power starter / battery capacity. Furthermore, we charge the
measured battery with shock pulses with a frequency between
2 kHz and 6 MHz, the frequency is selected by the user
through a menu programmed in the PCDUINO until the
voltage reaches 13.5 V.

1

http://www.yuasa.com.tw/_english/02_automobile/01_list.php?CID=1
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After that, the battery rested for 60 minutes to obtain a
stable voltage to subsequently remeasure Battery Analyzer to
determine the value of starter of the battery, then discharged
for 60 minutes. The cycle is carried out repeatedly for 20
cycles so that the change in the value of Starter CCA each
cycle of charging and discharging can be known. Circuit
producing a voltage pulse can be seen in Fig. 5 and 6 while the
shape of the pulses generated can be seen in Fig. 3.
C. Pulse Voltage Effect on the Battery Capacity
A major increase can clearly be seen in the value of the
“CCA” during the first cycles. While in the subsequent cycles
we see an increase that was not significant Fig. 7. While Fig. 8
shows an increase in voltage on the lead acid battery.
D. Influence of the Charging Cycles on the Charging Time
For the first cycles, we needed a large amount of time to
obtain the required voltage 13.5V but faster one reaches this
value for subsequent cycles. This is due to the value of the
internal resistance of the battery which is caused by sulfation.

Fig. 6. 3D view of the pulse voltage generator.

With the passage of the charging cycle, lead sulfate
decreases so that the charging process becomes faster. Thus,
the battery regains the ability to store an electric charge. In
addition, it time to full charge is visually improved.

Fig. 7. Evolution of the CCA value.

Fig. 8. Voltage value after each charge-discharge cycle.

V.

CONCLUSIONS

Based on the above experimental results, charging the lead
acid battery with the generated voltage pulses will increase
storage capacity, the battery will be getting better after
charging and discharging cycles.
Fig. 5. Circuit voltage Pulse generator.

At the beginning, the cycle of the charging process will
take longer because of the high value of internal resistance
which is due to sulfation, but with the declining value of the
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internal resistance the lead acid battery storage capacity will
be recovered and the charging time will be shorter. The
prototype generates a voltage pulse that can increase battery
capacity.
The use of voltage pulse charging technology is a highly
promising method to be applied to batteries made from lead
sulfate to extend the service life of the lead acid battery, other
than that, it would be good to reduce the environmental
pollution caused by the lead acid battery waste.
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