
Principle of hydrogen evolution in
lead-acid batteries

How does hydrogen evolution affect battery performance?

Hydrogen evolution impacts battery performanceas a secondary and side reaction in Lead-acid batteries. It

influences the volume,composition,and concentration of the electrolyte. Generally accepted hydrogen

evolution reaction (HER) mechanisms in acid solutions are as follows:

 

How does hydrogen evolution occur?

b. Hydrogen evolution proceeds according to a simple two-step mechanism: the H + ions in the electrolyte are

adsorbed on the surface of the metal (Equation (12)), and the adsorbed protons penetrate the lattice and form

an M-H ad bond (the Volmer reaction).

 

Can lead acid batteries be used in hybrid cars?

In addi- tion,from an environmental problem,the use of the lead- acid batteries to the plug-in hybrid car and

electric vehi- cles will be possibleby the improvement of the energy density. References

 

What happens if a lead-acid battery is charged with a carbon electrode?

Under the cathodic working conditions of a Lead-acid battery (-0.86 to -1.36 V vs. Hg/Hg 2 SO 4,5 mol/L

sulfuric acid),a carbon electrode can easily cause severe hydrogen evolutionat the end of charge. This can

result in thermal runaway or even electrolyte dry out,as shown in Fig. 5.

 

Can lead acid batteries be recovered from sulfation?

The recovery of lead acid batteries from sulfation has been demonstratedby using several additives proposed

by the authors et al. From electrochemical investigation,it was found that one of the main effects of additives

is increasing the hydrogen overvoltage on the negative electrodes of the batteries.

 

Can activated carbon be used as a catalyst for hydrogen evolution?

There have been several research studies on the use of activated carbon as a catalyst for hydrogen evolution in

the context of Lead-acid batteries. These include: 'Hydrogen evolution inhibition with diethylenetriamine

modification of activated carbon for a Lead-acid battery' [50], 'Toward design of synergistically active

carbon-based catalysts for electrocatalytic hydrogen evolution' [51], and 'Nitrogen-doped activated carbon as a

metal free catalyst for hydrogen production in microbial electrolysis cells' [52].

As is shown above, the electrochemical principle of LAB is mainly dependent on the reversible conversion of

PbO 2 and Pb. During the discharge process, PbO 2 in the positive electrode will accept electrons given by Pb

in the negative electrode and Pb SO4 will formed on both electrodes. When the battery is charged, PbSO 4

will be electrochemically converted to ...

In this review, the mechanism of hydrogen evolution reaction in advanced lead-acid batteries, including
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lead-carbon battery and ultrabattery, is briefly reviewed. The strategies on suppression hydrogen evolution via

structure modifications of carbon materials and adding hydrogen evolution inhibitors are summarized as well.

The review points ...

other recent proposals on increasing the performance of lead-acid batteries are also introduced, e.g. a hybrid

type lead-acid battery combined a lead-acid battery with a super capacitor. Key ...

In order to analyze these results showing the poor correlation, in-situ measurements of gases released from

flooded type lead-acid batteries have been carried out by using gas flow meters and sensors for concentrations

of gasses including hydrogen and oxygen.

Hydrogen evolution is examined beginning with Tafel data and the Ideal Gas Law. Equations and methods of

efficiently venting this gas are detailed. In many applications gas recombining battery product is housed in

relatively small rooms with minimal control of ambient temperature and battery charge current.

A novel electrochemical mass spectrometry was developed and applied to follow the hydrogen evolution

reaction (HER) in situ at technical negative active materials (NAMs) employed in lead-acid batteries (LABs).

Using this approach, accurate onset potentials and reaction mechanisms for the HER at NAM electrodes were

determined for the first ...

Integrating high content carbon into the negative electrodes of advanced lead-acid batteries effectively

eliminates the sulfation and improves the cycle life, but brings the problem of hydrogen evolution, which

increases inner pressure and accelerates the water loss. In this review, the mechanism of hydrogen evolution

reaction in advanced ...

Integrating high content carbon into the negative electrodes of advanced lead-acid batteries effectively

eliminates the sulfation and improves the cycle life, but brings ...

A novel idea to inhibit the hydrogen evolution in activated carbon (AC) application in a lead-acid battery has

been presented in this paper. Nitrogen group-enriched AC (NAC, mainly exists as pyrrole N) was prepared.

Electrochemical measurements demonstrate that the hydrogen evolution reaction (HER) is markedly inhi

The lead acid battery has been a dominant device in large-scale energy storage systems since its invention in

1859. It has been the most successful commercialized aqueous electrochemical energy storage system ever

since. In addition, this type of battery has witnessed the emergence and development of modern

electricity-powered society. Nevertheless, lead acid batteries ...

In this review, the mechanism of hydrogen evolution reaction in advanced lead-acid batteries, including

lead-carbon battery and ultrabattery, is briefly reviewed. The strategies on...
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A novel idea to inhibit the hydrogen evolution in activated carbon (AC) application in a lead-acid battery has

been presented in this paper. Nitrogen group-enriched AC (NAC, mainly exists as pyrrole N) was prepared.

Electrochemical ...

other recent proposals on increasing the performance of lead-acid batteries are also introduced, e.g. a hybrid

type lead-acid battery combined a lead-acid battery with a super capacitor. Key Words: Lead-Acid Batteries

Sulfation, Reuse System, Additives, Long Life, Hydrogen Overvoltage

During hydrogen evolution, pyrrole nitrogen readily combines with hydrogen atoms (Figure 5a), inhibiting

hydrogen gas formation and hydrogen evolution in sulfuric acid. The high binding energy of the N-H bond

makes it difficult to break the bond, prohibiting hydrogen formation. When AC is doped with nitrogen, the

specific capacitance value is 51.57% higher ...

With the global demands for green energy utilization in automobiles, various internal combustion engines

have been starting to use energy storage devices. Electrochemical energy storage systems, especially

ultra-battery (lead-carbon battery), will meet this demand. The lead-carbon battery is one of the advanced

featured systems among lead-acid batteries. The ...

Therefore, lead-carbon hybrid batteries and supercapacitor systems have been developed to enhance

energy-power density and cycle life. This review article provides an ...
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