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Lead-Carbon interactions: improving charge 

acceptance while reducing water loss
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Introduction

o Carbon additives interact with negative lead electrodes in several 

ways:

o Reducing PbSO4 crystal growth during discharge

o Modifying the internal microstructure during charge

o Enlarging the electrochemically active surface area. 

o As the specific surface area of Pb is lower than that of PbO2, charge 

acceptance is usually limited by the negative electrode. 

o Therefore, the electrochemical adsorption, deposition, and 

nucleation of lead on carbon is critical to increase and sustain the 

recharge ability of negative electrodes along the life.



Content

1. Introduction

2. Lead ions adsorption on Carbon

3. Lead electrodeposition

4. The role of functional groups

5. Composite materials

6. Conclusions 



Lead ions adsorption on Carbon

o A wide range of materials such as carbon black, graphite, activated 

carbon, graphene, carbon nanotubes or nanofibers have been used as 

additives to lead negative electrodes.

o These carbon materials show different affinities for Pb absorption. 

o Lead can be physically or electrochemically attached to the 

carbon surface: 

o Physical absorption results from molecular condensation of lead 

compounds inside the capillaries of carbon materials. 

o Electrochemical adsorption of lead ions takes place by the action of 

an electrical potential at the electrode-solution interphase.
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Lead ions adsorption on Carbon

P. Tong et al. / Journal of Power Sources 286 (2015) 91-102

o Increasing the Carbon electrochemical active 
surface area increase charge acceptance but 
also Hydrogen Evolution Reaction (HER).

o On the other hand, adsorption of Pb++ ions on the 
carbon surface decrease HER rate by increasing 
the over-potential of the charge reaction.

o The spontaneous lead ions adsorption on Carbon 
also reduces lead sulfate crystal size on High-
Rate Partial State of Charging (HRPSoC) cycling.

o Increasing the amount of lead ions adsorbed 
on the carbon surface particles improves the 
recharge ability and cycling performance, 
while reducing hydrogen evolution.



Content

1. Introduction

2. Lead ions adsorption on Carbon

3. Lead electrodeposition

4. The role of functional groups

5. Composite materials

6. Conclusions



Lead electrodeposition
o The affinity of carbon materials for lead electrodeposition depends on the electrochemical 

active surface but also on other factors.

o The spontaneous lead adsorption by different carbon dispersion (10%) in an aqueous 1 M 

Pb(NO3)2 solution was measured after stirring, filtering and drying.

o The highest Pb++ ions adsorption and deposition per unit area was obtained for Expanded 

Graphite and the lowest for both low and high surface area carbon blacks. 

o This seems to indicate that certain graphitic surface structures show more affinity for 

lead electrodeposition than other carbon forms.

D. Cericola, M. Spahr / Journal of Power Sources 324 (2016) 41-44 



Lead electrodeposition

o The degree of interaction between lead ions and carbon 

surface can be measured by crono-amperometry at 

constant potential.

o Expanded graphite exhibits a significantly higher number 

of nucleation sites than synthetic graphite mainly due to 

its higher surface area.

o There is a non-linear correlation between the deposition 

overpotential and the number of nucleation sites.

o This can be attributed to the expanded graphite 

surface defects, that are in fact electrochemically 

active sites for lead nucleation.

J. Settelein et al./ Electrochimica Acta 233 (2017)173–180
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The role of functional groups

o The relationship between Carbon surface area and lead adsorption / 

electrodeposition is not straightforward.

o In addition to the surface defects previously mentioned, there are other 

factors like the presence of functional groups or dopants in the carbon 

surface that need to be considered. 

o Functional groups create lead nucleation sites that may:

o Enhance wettability of the carbon surface

o Favors Pb++ ions adsorption

o Improve lead electrodeposition efficiency
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The role of functional groups

A. Dupasquier et al. / 10th International Conference LABAT’ 2017 , Golden Sands, Bulgaria, June 13 - 16, 2017

o Surface treatments can significantly increase or decrease the 
Carbon pH, affecting the hydrogen evolution reaction (HER).

o Low Carbon pH provides reduced HER currents (lower water 
loss) while still maintain significantly good charge acceptance. 

o Impact of acid treatments were confirmed on water loss 
tests of both single cells and complete batteries.

Surface Treatment Effect Validated in Single Cells

70 Ah EFB Batteries 
by Monbat, Bulgaria
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The role of functional groups

J. Yin et al. / Journal of Energy Storage 43 (2021) 103205

o Carbon reduces lead sulfation by boosting Pb 
deposition and PbSO4 dissolution processes. 

o However, a low affinity of Carbon to lead ions
may produce inhomogeneous Pb deposition 
and higher hydrogen evolution rates. 

o Affinity of carbon to lead can be improved by 
introducing oxygen-functionalized defects.

o Homogenous lead nucleation is enabled 
by oxygen-functionalized defects offering 
high adsorption energy to Pb++ ions. 

o The oxidized carbon (ORC) improves Pb 
electrodeposition and cycling stability with 
respect to the untreated carbon (RHHPC).
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The role of functional groups

X. Sun, W. Liu, D. Xu et al. / Electrochimica Acta 403 (2022) 139688

o Phosphorus functional groups can increase
carbon surface affinity for lead and inhibit 
hydrogen evolution reaction (HER).

o The recharge ability of lead-carbon negative 
electrodes is mainly driven by the adsorption 
and electrocatalytic lead deposition.

o The reaction of phosphoric acid with silica 
increase the content of phosphorus functional 
groups inside the porous carbon structure. 

o In addition, the complexation of phosphorus 
functional groups with Pb++ ions reduce the 
active sites for HER, which reduce gassing 
of the carbon material treated with H3PO4.
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Composite materials

o A new pyrolysis-pickling method was developed to 

prepare Lead Oxide / Carbon Black composites.

o After pyrolysis at 500ºC, these composites contain 

alkaline functional groups and PbO, that effectively 

inhibit HER but also recharge ability.

o Consequently, the composites with the lower PbO 

content (4-5% after pickling in HCl at 25ºC & 50ºC)  

provide the longest HRPSoC cycle life.

o In this case, the smaller BET surface area but 

larger pore volume and pore size, inhibit PbSO4 

crystal growth and increase cycling stability.

H. Yang et al. / Electrochimica Acta 235 (2017) 409–421



Composite materials

o Recycled Lead Oxide – Carbon composites can 

be directly produced by pyrolysis of lead citrate

obtained from spent lead battery paste.

o The nanostructured lead oxide is intimately 

dispersed inside the porous carbon skeleton with 

a chemical bond between PbO and C.

o The difference in the contact force strength 

(affinity of Carbon to Pb) may be the critical factor 

to improve active material utilization (30-40%).

o The hydrophilic carbon can also act as an  

electroosmotic pump to facilitate electrolyte 

transport, dissolution, adsorption and 

nucleation of lead, thus reducing the charge 

overvoltage and improving cycle life (x4).

Y. Hu, J. Yang et alter / Advanced Functional Materials (2018) 28, 1705294.



Composite materials

o Mesoporous Carbon (MC) internal surface can be activated 

with NaOH (AMC), followed by air oxidation (MMC).

o The acid groups in the surface act as active sites for lead 

deposition (Pb@MMC) that can inhibit hydrogen evolution. 

o These Lead - Carbon composite materials improve

charge acceptance but do not increase water loss.

o Laboratory cell test results show that Pb-C composites 

enhance lead electrodeposition inside the porous carbon 

surface and improve cycle life at partial state of charge.

L. Wang et al. / Chemical Engineering Journal 337 (2018) 201–209



Composite materials

o A simple microwave method was developed to 

prepare new nano PbSO4-Carbon composites 

(PPC) as negative paste additives.

o Previously, the Carbon Black (CB) was 

activated in KOH that increase alkaline and 

reduce carboxyl functional groups (ACB).

o Alkaline functional groups act as nucleation 

centers for lead sulfate crystals that inhibit 

sulfation processes of the negative electrode. 

o These Lead Sulfate – Carbon composites 

reduce hydrogen evolution (water loss) 

and increase HRPSoC cycle life.

C. Hu, J. Li, Q. Li et al. / Electrochimica Acta 384 (2021) 138411
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o Carbon surface physic-chemical properties play vital roles both in lead ion

adsorption and hydrogen evolution.

o Due to its low hydrogen over-potential, Carbon materials increase water loss,

while the presence of other substances (like lead oxide or sulfate) reduces it.

o Using lead compounds as dopants for Carbon additives, can effectively reduce

hydrogen evolution.

o There are different strategies to improve charge acceptance and cycle

life while keeping or reducing water loss:

o Increase the electrochemical active surface area (with special carbon additives)

o Selectively modify the carbon surface properties to increase hydrogen over-

potential (introducing different types of functional groups)

o Combine the properties of high surface area carbon or graphite with lead

compounds (lead-carbon composite materials)

Conclusions 
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