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Introduction

3

o After many years of investigating the effect of different types of carbon on the 
electrochemical behaviour of lead electrodes many battery companies started the 
commercialization of Enhanced Flooded Batteries (EFB).  

o In this technology, the classic lead electrode is partially replaced by carbon by:
o Applying a carbon coating on the lead surface
o Directly mixing the carbon with lead oxide and sulfuric acid in the paste
o Using a combination of lead grids with a carbon paste
o Replacing the lead grid by carbon felts

o High surface-area carbons produce high charge-acceptance (but also water loss).
o Low surface-area carbon or graphite are preferred for high-temperature/maintenance-free 

EFB applications, in order to reduce water loss. 
o Therefore, in order to reduce gassing, the beneficial effects of high surface-carbons on 

charge-acceptance cannot be fully exploited.
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Background information
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Charge acceptance as a function of surface area

J. Valenciano, A. Couceiro & F. Trinidad, 16th ELBC 2018, Vienna

Expandertype

Carbon dosage
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Background information
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o Carbon increase the internal surface area of lead negative electrodes.
o As a consequence, charge acceptance and cycle life at partial state of charge are 

significantly improved.

Effects of Carbon on charge acceptance and cycle life

J. Valenciano & F. Trinidad, ILAB Europe 2015, Würzburg
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Background information
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Effects of Carbon on storage and overcharge

J. Valenciano & F. Trinidad, ILAB Europe 2015, Würzburg

OEM Requirements

o After 21days storage at 40ºC, the improvement in charge acceptance is strongly reduced.
o Under overcharge (floating at high temperature), water loss was increased due to the 

catalytic effect  on Hydrogen Evolution Reaction (HER).
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Effects of Carbon on micro-hybrid cycling tests
Background information

o Dynamic Chage Acceptance (DCA) deteriorates during simulation run-in tests.
o DCA  improves by a factor of 2-3 by adding Advanced Carbon materials.
o High water loss was not observed in «real life» vehicle fleet tests.

Eckhard Karden, ELBC 2014, Edinburgh
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Effects of Carbon in Positive
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• Carbon fibers are used in some electrochemical devices as conductive additives.
• New CNF particles are being developed to substantially change material properties.
• Traces of the catalyzers (Ni) can be transferred to the negative plate increasing HER. 
• A purification process needs to applied to allow its use in lead-acid environment.  

Carbon Nano Fibers (CNF)
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Effects of Carbon in Positive

11

• Some CNT´s particles are used as conductive additives for Lithium battery cathodes.
• However, some impurities from the catalyzers can be lixiviated by hot sulfuric acid 

and transferred to the negative active material.
• Electrochemical compatibility tests showed a strong effect on negative plate polarization.

Carbon Nano Tubes (CNT)

Elements Powder 
sample

Lixiviated 
in H2SO4

Al 1.86% 1773 ppm

Co 0.61% 4773 ppm

Fe <0.01% 15 ppm

Ni <0.01% <1 ppm

V 0.05% 525 ppm

ALABC 1618  Exide-ICMA project  (Carbon Nanomaterials  in Positive Active Mass)
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Effects of Carbon in Positive
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• Specific types of Carbon Nanomaterials can be adequate for Lead-acid environment.
• For this application, some impurities need to be controlled to very low levels and 

should be stable in sulfuric acid to avoid any catalytic effect on the active materials.
• Electrochemical compatibility tests confirmed no significant effects on gassing.

Carbon Nanomaterials for Lead-acid batteries

Elements Powder 
sample

Lixiviated 
in H2SO4

Al 5% 4512 ppm

Co 0.22% 5 ppm

Fe 0.38% 1967 ppm

Ni - 2 ppm

V - 9 ppm

ALABC 1618  Exide-ICMA project  (Carbon Nanomaterials  in Positive Active Mass)
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Conductive Carbon
Effects of Carbon in Negative

o Lead sulfate crystals block the electrochemical reaction at partial state of charge cycling.
o Conductive Carbons distribute more homogeneously lead sulfate crystals. 

M. Fernández et al. / Journal of Power Sources 195 (2010) 4458–4469

Carbon Black        Conductive Carbon Power Assist Cycle Life test, 60% SoC, 2.5% DoD
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High Surface Area Carbon
Effects of Carbon in Negative

o High Surface Area Carbon significantly improves charge acceptance.
o Cycle life is reduced due to high water loss / drying out (catalytic effect on HER).
o A combination of conductive carbon and medium surface area achieved both high 

charge acceptance and good cycle life (low water loss).

M. Fernández et al. / Journal of Power Sources 195 (2010) 4458–4469
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Effects of Carbon in Negative
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o The electrochemical effects of certain impurities coming from different chemical 
components of the active materials has been the subject of many investigations.

o A more systematic approach to the mechanisms of water loss at high temperature is 
still missing.

o Furthermore, the possibility of interactions between impurities in the electrolyte (or 
leached from the plates) with lead-carbon electrodes should not be overlooked.  

o The well-known effects of certain impurities (e.g., Fe, Ni, Co, Cr) on hydrogen evolution 
may be amplified by high surface-area carbons in a similar way that electro-catalysts 
(combinations of carbon substrates and noble metals) function in electrolysers.

o The following slide describes some catalytic effects on the hydrogen evolution and 
gassing behaviour of EFB batteries under high-temperature conditions.

Role of impurities
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Role of impurities
Effects of Carbon in Negative

o Conductive Carbon is used in negative plates to improve recharge ability and cycle life.
o Water loss is under control, however, certain carbon types showed unexpected behavior.
o Electrochemical tests determined as root cause a depolarization effect on HER.
o End of charge current of EFB batteries showed a clear correlation with the carbon type.
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Hydrogen Evolution Reaction (HER) mechanism
Discussion

o Microstructure and surface area cannot explain the different electrochemical behavior 
observed.

o However, there is a clear relation with the catalytic effects on Hydrogen evolution.
o The most favoured mechanism considers that the adsorption of Hydrogen on metal 

surface is the rate-determining step:
o In a first step, protons are adsorbed in the catalyst surface: 

H+ + e- → Had (Volmer reaction)

o In the second step, two H atoms form Hydrogen molecules:

Had + Had → H2 (Tafel reaction)

o Volcano plots show that HER current is strongly dependent on the adsorption energy.
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o Some elements (Fe, Cu, Co, Ni, Au, Pt, Re…) are 
very electro-active whereas others (Bi, Ag, Sn, Zn, 
Cd…) are not considered as harmful impurities.

o There are certain metals (Nb, Ta, Ti, Mo, W…), that 
although theoretically very electroactive (due to the 
high hydrogen adsorption energy), are in fact 
passivated by oxide films.

o Highly corrosive environments, such as hot sulfuric 
acid electrolyte, may dissolve these oxide layers 
and convert these elements into catalysts.

o The consequence could be uncontrolled water loss 
and corrosion of current collectors to produce early 
battery failure.

20

Discussion 
Catalytic effects of metallic impurities

P. Quaino et al,, Beilstein Journal of Nanotechnology 2014, Vol. 5, p 846-854
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o Physical parameters of carbon like surface area and pore size microstructure have a 
combined effect  with the catalytic action of impurities on hydrogen evolution.

o Dynamic charge acceptance is highly determined by surface area of the negative 
plate, however, it is unavoidable a certain effect on gassing as well.

o Harmful impurities may come from difference sources (lead oxide, electrolyte, additives…) 
that can be plated on the Lead-Carbon surface to catalyse Hydrogen evolution.

o The catalytic efficiency of metals can be described in terms of a so-called ‘Volcano plot’ 
which shows why certain elements produce strong gassing.

o Although the current “overcharge test” is probably not representing the real life conditions 
in Micro-Hybrid vehicles, it should not be ignored for safety reasons.

o New analytical and electrochemical methods allow to investigate and prevent the potential 
deleterious effect of carbon in hot environments.

22

Concluding Remarks 
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