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The organic component of the expander, e.g., lignosulfonate, is an indispensable additive to the negative electrodes of lead–acid batteries. To extend the present performance of these batteries, a superior expander is a key requirement. 

Although expander affects not only electrochemical behavior but also paste density and plasticity, formation of 4BS during curing, and so on, in actual lead acid battery, this presentation reports a fundamental investigation of the electrochemical behavior of many kinds of lignin derivatives that contains sulfonic acid group, sulfomethyl groups, amino group, and so on, with respect to the electrochemical reaction taking place at a lead electrode in sulfuric acid solution. The performance of the lignin derivatives is evaluated by means of electrochemical methods such as electrochemical atomic force microscopy (EC-AFM) and cyclic voltammetry (CV), which are supported by scanning electron microscopy (SEM) and X-ray diffraction (XRD) phase analysis. 
Tables 1 and 2 show lignin derivatives used for CVs in Figs. 1(a) and (b). “LS-control” is sodium salt of lignosulfonic acid (Aldrich, No. 471038), and “150-20-0.5”, “150-20-1.0”, “150-20-1.5”, and “150-20-2.0” are obtained from partial desulfonation of “LS-control” by hydrothermal treatment in 20mM NaOH alkaline solution at 423 K for 0.5, 1.0 1.5 and 2.0 hours, respectively. From table 1, it is found that average molecular weight of sodium salt of lignosulfonic acid decreases and desulfonation proceeds by longer hydrothermal treatment. Sulfomethyl lignin in Table 2 is obtained by sulfomethylation of lignin hydrolytic (Aldrich). By controlling the condition of sulfomethylation, sulfometheyl lignin having different amount of sulfomethyl group is obtained. 
Table 1 Sodium salt of partially desulfonated lignosulfonic acid used for CVs in Fig. 1(a)

	
	Organic S / µmol g-1
	Average Molecular Weight (MW)

	LS-control
	1.9x103
	3.8x104

	150-20-0.5
	1.0x103
	8.9x103

	150-20-1.0
	8.3x102
	7.2x103

	150-20-1.5
	5.0x102
	6.0x103

	150-20-2.0
	4.7x102
	6.3x103


Table 2     Sulfonethyl lignin used for CVs in Fig. 1(b)

	
	Organic S / µmol g-1
	Average Molecular Weight (MW)

	SML(1:8)
	1.7x102
	5.3x103

	SML(1:4)
	4.2x102
	8.6x103

	SML(1:2)
	7.7x102
	1.2x104

	SML(1:1)
	1.1x103
	5.2x103


[image: image1.wmf]-1.3

-1.2

-1.1

-1

-0.9

-0.8

0

5

10

15

SML(1:8)

SML(1:4)

SML(1:2)

SML(1:1)

SML(2:1)

Potential, E/ V vs.Hg/Hg

2

SO

4

Current, I/ mA

NA

[image: image2.wmf]-1.3

-1.2

-1.1

-1

-0.9

-0.8

0

5

10

15

LS-control

150-20-0.5

150-20-1.0

150-20-1.5

150-20-2.0

Potential, E/ V vs.Hg/Hg

2

SO

4

Current, I/ mA

NA





   (a)




     (b)
Fig. 1
CVs with sweep rate of 10mV sec-1 in 5M (5mol L-1, s.g.1.29) sulfuric acid solution containing 20ppm of lignin derivatives, that is, (a) partially desulfonated lignosulfonic acid, sodium salt and (b) sulfonethyl lignin.
Figs. 1(a) and (b) indicate CVs with sweep rate of 10mV sec-1 in 5M (5mol L-1, s.g.1.29) sulfuric acid solution containing 20ppm of lignin derivatives, that is, (a) partially desulfonated lignosulfonic acid, sodium salt and (b) sulfonethyl lignin. From CVs in Fig. 1(a), it is found that oxidation capacity (corresponding discharge capacity of negative electrodes) decrease when weight of added sodium salt of lignosulfonic acid decreases and desulfonation proceeds. From CVs in Fig. 1(b), it is found that oxidation capacity increases and reduction capacity (corresponding recharge capacity of negative electrodes) decreases when amount of sulfomethyl group increases. 
As shown in Figs. 1, it is found that behavior of discharge and/or recharge changes by controlling the kind and/ or the amount of functional groups introducing the lignin derivatives. In this presentation, electrochemical behavior of sodium salt of partially desulfonated lignosulfonic acid and sulfomethyl lignin obtained by the other treatment condition, as well as that of new lignin derivatives having the other functional group will be also shown. 
