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Abstract

We have investigated influence of metal ions in electrolyte on regenerative charge acceptance (RCA) of lead-acid
battery. We found that the RCA was affected by particular metal ions. The RCAs of cells containing Na', K,
and Rb" in the electrolyte were lower than those of cells without their ions. On the other hand, the RCAs of cells
containing Li", Cs', Be*", Mg®", and A" were as same as cells without their ions. From detailed consideration on
obtained results, it was found that the metal ions lowering RCA negatively affect the charge reaction of negative
electrode. Moreover, metal ion-dependent tendency of RCA roughly correlated with the Gibbs free energy of dis-
solution of their sulfate. This correlation indicates that strength of the affinity between metal ion and sulfate ion
affects RCA.
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Table 1 Specifications of lead-acid test cells.
ltems Specifications
Battery type Flooded
Rated capacity (5 hour rate) / Ah 0.6

Nominal voltage /V 2
Electrolyte

Specific gravity at 20 C 1.285
Volume /cm® 35

Number of plates

Positive plate / negative plate 2/1

Plate size

Height / mm 24

Width / mm 40
Thickness of positive /mm 3.8
Thickness negative /mm 135
Separator

Material Polyethylene
Thickness /mm 0.65
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(1) it - ERILEFTEIZ & 2T
(a) DOD (Depth of Discharge) ¢ %
D SEATEEOIRRED S 120 mA (02 CA) TO05h
J#E (DOD 10% D:IKAE)
(b) fKIE 2 12 h
(o) AT
AN R
TR
mEE 25T
(2) EEILICEIZ & 5 5l
(a) DOD 0% : SE&FEOIRED 5 120 mA (0.2
CA) T05 h it & (DOD 10% o
N

18 A(3CA)
S 240V

© 10 sec

(b) fRIE 2 12 h
(c) MIAFE
it - 1.8 A (3CA)
FERERFH ¢ 10 sec
mEE 25 T
23 2BAFCDEES LUEE

TR~ O FIFIREE S <, BRBIZEN L 2w
JBA 4 > ThsH 1KLL Na, K, Rb, Cs), 2% (Be, Mg)
BIOBBEA) DA T > 2 E&HT AL V0% B
hol. LTI, Iho0&RA+ v 2EHT 5t
V% LRSS & KT 5.

3, WSO RCA %EFi§ 5 72012, RIS
WY 2 &EMEIEORELSDTDLHIZEALRT,
iz B -7,

Li,SO, Na,SO, K,SO, Rb,SO,, Cs,SO, MgSO,,
BeSO,, AL(SO,); : 0.05 mol dm®

DWTC, TVHIEBRAT VE2ERETAHEVICHL
T, DEORECTHMET B 2o/,

Li": 0.018, 0.054, 0.099, 0.13, 0.20, 0.29, 0.40, 0.53, 0.67

mol dm™

Na': 0.054, 0.099, 0.29, 0.53 mol dm™

K*':0.018, 0.099, 0.20, 0.40 mol dm™

Rb": 0.054, 0.099, 0.20, 0.29 mol dm™

Cs": 0,018, 0.054, 0.099, 0.20 mol dm™
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Table 2 Lists of flooded lead-acid test cells con-
taining 0.1 mol dm™ Na" in the electrolyte at differ-
ent steps of adjusting discharge to DOD 10%, rest
time, and regenerative charge for investigation on
appearance of influence on the regenerative charge
acceptance.

Cell No. Sequence steps for regenerating charge
acceptance
Adjusting Rest time Regenerative
discharge charge

1 - - -

2 - - Na"

3 - Na" -

4 - Na" Na"

5 Na" - -

6 Na" - Na"

7 Na* Na* -

8 Na" Na" Na"

— : No additive
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Fig. 1 Decay of currents obtained by regenerative

charge acceptance tests under constant voltage of
2.4 V for flooded lead-acid test cells with DOD 10%
containing various sulfates of 0.05 mol dm™ in the
electrolyte. (a) Li*, Na', K*, Rb*, and Cs"; (b) Be*"
and Mg**; (c) AI®".

24



GS Yuasa Technical Report

OFEBZ ANMEREDZEEIL, BF M CTFHNT % RCA
o ZHEALT A2HLTH Y, 2L 2T JISHE
ZANEREED X 95125 10 4 M HAL CTEN T 2 7£FE
ZANERBIZIZZO L) ZEREPBN TV DO LE X
bb.

32 £BA1AVEBErEEREZTANMRECSLIZ

BB Cii_7=L 912, TuhY) &lEo RCA Ol
1 L hndn > Na dishindd > K 0 < Rb #inin <
Cs I TH -7z 2L, BIRWICH L ChgERIE
% 0.05 mol dm® OWETHEML 2 HETH S,

DEIZRCA DEIEA & VB OMRAF 2 A L 72

Table 3 Relative values of regenerative charge
acceptance based on the case of no additive for
flooded lead-acid test cells with DOD 10% contain-
ing various metal ions in the electrolyte.

Metal ions Relative value of regenerative charge
acceptance

No additive 100
Li* 101
Na* 79
K* 65
Rb" 88
Cs' 101
Be** 98
Mg** 100
AP 103
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Concentration of metal ions / mol dm™

Fig. 2 Relation between relative values of regener-
ative charge acceptance and concentration of metal
ions in electrolyte for flooded lead-acid test cells
with DOD 10%. O Li*, A Na*, [(JK", @ Rb*, A Cs"
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Fig. 3 Potential change in positive (a) and negative
(b) plates for flooded lead-acid test cells with DOD
10% containing various metal ions of 0.1 mol dm™
in the electrolyte at constant charge current of 3 CA
(1.8 A).
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Fig. 4 X-ray diffraction patterns of negative active
materials obtained from flooded lead-acid test cells
with DOD 10% containing 0.1 mol dm™ Na* in the
electrolyte after 16 h rest before regenerative charg-
ing. (a) Full size, (b) Magnification.

Fig. 5 Cross-sectional SEM images of negative plates obtained from flooded lead-acid test cells with DOD
10% containing 0.1 mol dm™ Na" in the electrolyte (Left hand side) after 16 h rest before regenerative charg-

ing.
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Fig. 6 Relative values of regenerative charge ac-
ceptance based on the case of no additive for
flooded lead-acid test cells containing various metal
ions in the electrolyte at different steps of adjusting
discharge to DOD 10%, rest time, and regenerative
charge. Cell number is corresponding to numbering
in Table 2.
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Fig. 7 Relation between relative values of regen-
erative charge acceptance based on the case of no
additive for flooded lead-acid test cells containing
various metal ions of 0.1 mol dm™® in the electrolyte
and solubility values of their sulfates.

M : Relative value of regenerative charge acceptance
[]: Solubility of sulfate
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Fig. 8 Relation between relative values of regen-
erative charge acceptance based on the case of no
additive for flooded lead-acid test cells containing
various metal ions of 0.1 mol dm™ in the electrolyte
and Gibbs energy of dissolution of their sulfates.
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