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Lignophenols as the additive for the negative active materials of lead-acid batteries were synthesized, by use of
the phase-separation system, as the controlled molecular structures from native lignins based on the softwood
(chamaecyparis obtuse) and the hardwood (fagus crenata). The relationship between molecular structures of the pre-
pared lignophenols and the performance of batteries with the addition of the lignophenols to negative active ma-
terials has been investigated. The role of aromatic methoxyl groups of the lignophenols on the battery perfor-
mance has been mainly investigated. Employed batteries were 2 V-3.3 Ah flooded cells consisting of one negative
plate and two positive plates. When the methoxyl group contents in the lignophenols increased, the discharge ca-
pacity increased but the charge capacity decreased. It was considered that the methoxyl groups of the lignophe-
nols were demethylated in the batteries. The discharge performance was improved because the particle growth
and the reaction area of negative active materials were respectively suppressed and increased. Despite the in-
crease in the reaction area, the charge reaction was suppressed. The difference of the effects of the demethylated
lignophenols on the discharge and the charge performance was thought to be due to the behavior of the adsorp-
tion of the demethylated lignophenols on mainly lead ion.
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Table 1 Average molecular weights of used lignophenols.

Sample name Mn Mw Mw/Mn
SLP* (0/10) 3400 8370 246
SLP* (3/7) 3320 8650 261
SLP* (5/5) 3100 8620 2.78
SLP* (7/3) 3080 9970 323
SLP* (10/0) 3030 7720 2.55
HLP** (0/10) 3110 4970 1.60
HLP** (3/7) 2630 4200 159
HLP** (5/5) 2340 3460 148
HLP** (7/3) 2240 3530 158
HLP** (100) 2970 4250 143

*SLP : Softwood lignophenol, **HLP : Hardwood lignophenol
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Fig. 4 (a) UV spectra and (b) AE; spectra of softwood ligno-
phenol (5/5) and lignosulphonate.
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Fig. 8 SEM images of negative active material with (a) hard-
wood lignophenol (0/10), (b) hardwood lignophenol (10/0).
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Fig. 10 Charge performance of batteries involving softwood
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Fig. 11 Charge performance of batteries involving hardwood
lignophenol (10/0), (5/5) and (0/10).
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Fig. 12 Relationship between charge efficiency and methoxyl
group content in used lignophenols.
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Structural conversion of native lignin by phenol graft-
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The difference of the molecular structures between





