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In-Situ Observation by EC-AFM on Reaction Process
of Lead Dioxide Positive Electrode for Lead Acid
Battery with Constant Current Method
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Abstract

Continuous in-situ morphological change on lead dioxide electrode has been observed by electrochemical atomic
force microscope (EC-AFM) with a constant current method in sulfuric acid solution to investigate the process
of oxidation-reduction reaction of the positive electrode in lead acid battery. It was directly confirmed that
oxidation-reduction reaction for the positive electrode proceeds by the dissolution and precipitation mechanism.
It was also turned out that some lead sulfate particles were changed into lead dioxide with maintaining its
original shape of lead sulfate during oxidation reaction process, which leads to a new mechanism different from
the conventional dissolution and precipitation mechanism. A new model on the oxidation reaction mechanism was
proposed by taking into account molar volume change from the lead sulfate to lead dioxide and morphological

observation of the former particles.
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Fig. 1 Schematic diagram of EC-AFM experimental
set-up.
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Fig. 2 In-situ EC-AFM images of lead dioxide electrode when applying reduction current of 500 uA cm™
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Fig. 3 In-situ EC-AFM image transition of lead dioxide electrode when applying oxidation current of 500 pA cm.,
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Fig. 4 Comparison of morphology before (a) and
after (b) oxidation.




GS Yuasa Technical Report

2005128 $2% $25]

3.3 BRI ORE 25% L -BR{ERIC:E7E

TS OIS HAE %, EC-AFM DK R
SEEMICMGT L72. Fig 4 (a) & Fig. 4 (b) (2R L7245
MORKESEZRELTHL 2 XH 12, UNEOR T
FNEL o TWAZ L bhD. 22T, Fig 30
W% % 3512, Fig 4 OFHMNIOR LR TFORE SO
AL WE L7z, TR % Fig. 5 1IRT. M5,
AL DR & HTHEN LT &, 260 BRI
FOEADRA SN D5, ZORGIE 260 T
TSI L2 eEdbhb.

COLNITHEIVNEL B AERE LCUE, lzen
BT D BIENDERL L OWEESE OBEL)E 2 S
L. L Lahs, BiEICLBWEEICOWTEZ S
&, ERRBORAY 260 S LIRE, AT L 2o 722 L5
BHTE %\, F72, Fig 3HOHKETR L -l
DEHNZ, FFEEDPERES 2 FUSITIEFIS#HN T &

Particle diameter / um

0 100 200 300 400
Oxidation time / sec.

Fig. 5 Transition of particle diameter when applying
oxidation current of 500 uA cm™.
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Fig. 6 New oxidation proceeding process-model of lead sulfate crystal (a) to lead dioxide one (f) through the

mixture of both crystals (b), (c), (d), and (e) with time.
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Fig. 7 In-situ EC-AFM image transition of lead dioxide electrode when applying oxidation current of 100 uA cm™
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