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Introduction 

Additives to the negative mass of lead/acid batteries are commonly 
known as ‘expanders’. These are composed of carbon black, barium sulphate, 
and lignosulphonate. Lignin, which is a wood derivative, is the common 
name for large macromolecules. Lignin dissolves in sulphuric acid to form 
lignosulphonate and this is the form in which lignin expander is commonly 
used in negative plates. The lignosulphonate adsorbs onto both lead and 
lead sulphate and influences the formation of the latter by reducing 
the crystal growth rate so that the crystals are smaller and the film 
more porous [l]. On charge, this effect causes a partial charge inhibition, 
whereas on discharge it decreases the electrode polarization and sup- 
presses the solid-state passivation [2]. The formation of a transient lead 
lignosulphonate complex that leads to a greater depth-of-discharge was 
suggested by LeMehaute [3]. The overall effect of lignin is to impart a 
higher capacity (especially at low temperatures) to the negative plate 
throughout its life. 

Claims have been made in the literature that certain commercial 
lignins can also maintain a high overvoltage for hydrogen in the presence 
of antimony [4]. When comparing lignins from different sources, the effect 
of structure differences is not known. This has led to conflicting results 
concerning the ability of lignin to maintain hydrogen over-voltages. 

A new area of research for the lead/acid battery industry involves 
valve-regulated cell technology. Non-antimonial alloys are used successfully 
in applications that do not require cycling. On the other hand, batteries 
built for traction applications cannot achieve the same level of performance 
as high-antimony ( >8 wt.%) batteries. An alternative approach to that of 
complete antimony removal may be through the use of low-antimony alloys 
(2.5 wt.%) plus the addition of various compounds that can reduce the 
poisoning effect of antimony at the negative. 
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The work reported here has followed that of Bijhnstedt et al. [5] in 
which a comparison was made of the effectiveness of a variety of organic 
compounds on suppressing the hydrogen evolution reaction. From that study, 
two of the most effective compounds were found to be 2-hydroxybenxaldehyde 
(Hyd) and 2-methoxybenxaldehyde (Met). In the experiments described below, 
the performance of these two compounds is compared with that of Vanisperse 
A, a commercial product from Borregaard Industries Ltd. that contains 
sodium lignosulphonate. 

Experimental 

All experiments were carried out in 4.5 M H,SO, (Merck) solutions. The 
working electrode was a lead rod (diameter 5 mm) fabricated in the form of a 
rotating disc. The reference electrode, against which all potentials were 
measured and reported, was Hg/Hg,SO,. The counter electrode was a lead 
sheet with a large surface area and was separated from the working-electrode 
compartment by a glass frit. Stock solutions of the following compounds were 
prepared as follows: 

(i) Vanisperse A (Borregaard), 15 mg 1-l (Van); 
(ii) 2-hydroxybenxaldehyde (Fluka AG), 10W4 mol l- ’ (Hyd); 
(iii) 2-methoxybenxaldehyde (Fluka AG), lop4 mol l- ’ (Met). 
The structure of the benxaldehydes is shown in Fig. 1 along with a 

model of lignin which is based on the Freudenberg formula [6]. Antimony 
was used at a concentration of 20 mg 1-l. 

CHO 

2-Hydroxy 
benraldehyde 

OCH3 

2-Methoxy 
benraldehyde 

Fig. 1. Structure of benzaldehydes used in this study (left), and of lignin (right). 
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Voltammetric studies were conducted with a Hi-Tek Instrument’s DT 
2101 potentiostat in conjunction with a Hi-Tek PPRI function generator and 
Tacussel ED1 rotating disc equipment. The working electrode was held at 
- 1200 mV for 15 min prior to all experiments. The potential was then stepped 
to - 970 mV and swept in the positive direction to - 700 mV at a scan rate of 
10 mV s-l and a revolution rate of 1000 rpm. Current densities were based on 
the geometric surface area of the electrode. 

Results and discussion 

&neral characteristics of vo~tammograms 

The general features of the voltammograms and the effect of the 
benzaldehydes on the charge and discharge processes are illustrated in Figs. 
2 and 3. In each experiment, 10 cycles were recorded. The first cycle in each 
solution yields the largest peak. Subsequent cycling results in a broadening 
and reduction in the size of the peak, as well as a shift in potential. The 
marked influence of the additives on hydrogen evolution is clearly seen in 
Fig. 3. The 2-methoxybenzaldehyde (Sb + Met) reduces both the hydrogen 
evolution and the total amount of charge passed. Quantitative comparison of 
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Fig. 2. Voltammograms for a lead diet electrode in pure acid and with benzaldehyde addition. 
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Fig. 3. Vokammograma as in Fig. 2 but with antimony aleo preeent. 

the curves is presented in the next section, but it should be emphasized here 
that hydrogen evolution can be greatly reduced in the presence of antimony 
through the choice of the proper additive. 

Charge passed 
The area under the curves for the oxidation of lead to lead sulphate (i.e., 

the charge passed, Q) is presented in Figs. 4 and 5 as a function of cycle 
number. In Fig. 4, which includes data for Vanisperse A, the strong synergie- 
tic effect of antimony and Vanisperse A can be clearly seen: the charge 
passed increases considerably faster than in solutions containing only Vanis- 
perse A. This indicates that a dramatic increase in porosity of the electrode 
has taken place. With Vanisperse A alone, the surface area after 10 cycles is 
exhibiting a gradual increase in value. These results are in sharp contrast to 
the solution containing all three components (Sb + Van + Met). The 
methoxybenzaldehyde has a striking effect on the electrode surface area, as 
seen in the bottom curve of Fig. 4. 

Figure 5 shows results for mixtures of antimony with, and without, the 
organics, and also for the organic8 alone. The solution containing the 
methoxybenzaldehyde does not exhibit as dramatic a decrease ae that ob- 
served when Vanisperse is present (Fig. 4). The effect of antimony alone on 
the surface area of the electrode is to increase the charge passed. 
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Fig. 4. Charge passed during formation of F’hSO, as a function of cycle number. 

Hydrogen overvoltage 
Further demonstration of the effect of the benzaldehydes is shown in 

Figs. 6 and 7. The overvoltage required to produce a current density of 
0.10 mA cme2 was measured. In pure acid, this overvoltage is -1.45 V; 
antimony addition reduced the value to - 1.19 V. From a comparison of 
Figs. 6 and 7, it is noted that Vanisperse A addition has no effect on the 
hydrogen overvoltage. On the other hand, a shift of 109 mV to more nega- 
tive potentials is found when methoxybenxaldehyde is added to the elec- 
trolyte. 



190 

100 

90 

60 

70 

yE 60 

: 50 

\ 

w 40 

2 

I I I I I I I I I I I 

Fig. 5. Charge passed during formation of PbSO, as a function of cycle number. 

Antimony deposition 
It has been suggested [5] that the decrease in hydrogen evolution in 

solutions containing antimony and bensaldehydes is due to the preferential 
adsorption of the organic material on sites containing antimony. To deter- 
mine if bensaldehydes could also act as complexing agents for antimony 
and thereby prevent, or retard, its deposition an ESCA analysis of the 
electrode surface was conducted. Solutions without benxaldehyde were 
found to give the largest value for antimony. By contrast, when the potential 
of the electrode was held at - 1200 mV, no antimony could be found. Some 
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Fig. 6. Hydrogen evolution current on lead in presence of Vanisperse A and antimony. 

antimony was detected in experiments where the potential was swept be- 
tween - 1200 and - 700 mV; the amount increased with cycle number. 

Conclusions 

From the above studies, the following general conclusions can be drawn: 
(i) Vanisperse A has negligible effect on hydrogen overvoltage; 
(ii) 2-methoxybenxaldehyde has a large effect on both the hydrogen 

overvoltage and the discharge capacity of lead; 
(iii) 2-methoxybenzaldehyde can impede the deposition of antimony on 

lead. 
Although the mechanism for the action of 2-methoxybenxaldehyde can- 

not be unequivocally deduced from this work, it is clear that the addition of 
certain organic compounds to the electrolyte can affect profoundly the rate 
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Fig. 7. Hydrogen evolution on lead in the presence of antimony and benzaldehydea. 

of hydrogen evolution. This opens up the possibility of manufacturing valve- 
regulated cells with low levels of antimony. 
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