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Abstract

Additives in the negative active material of lead-acid batteries has been tested for new batteries to suppress the

progressive accumulation of PbSO,, so called "sulfation", during high rate partial-state-of-charge (PSOC) cycle life.

The progressive accumulation of PbSO, is considered to be caused by cumulative growth of PbSO, particles and

lack of conductive paths near the PbSO, particles. Therefore, BaSO, particles in various sizes and synthetic lignin

were added to the negative active material to control PbSO, particle size during PSOC cycle life. On the other

hand, some types of carbon fibers were also tested to investigate whether they could form conductive paths on

PbSO, particles. As a result, synthetic lignin was the most effective to improve battery life in PSOC cycle life

test, whereas the other additives such as BaSO, size or carbon fiber were not so effective in the test. The grow-

ing rate of PbSO, particles per cycle in cells with synthetic lignin was found to be 0.4 times as high as the case

with natural lignin.
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Fig. 1

SEM photograph of commercially available
barium sulfate powders. Mean diameter size: (a) 2.4
um; (b) 0.1 um.

Samples of barium sulfate added to negative active material of 16 Ah type valve regulated lead-acid

Barium sulfate type Production type

Reaction condition

Reaction temperature / °C

Specific gravity of H>SO4 aq. at

20°C
Powder A Commercial - -
Suspension B Commercial - -
Suspension C Specially made 10 1.10
Suspension D Specially made 10 1.40
Suspension E Specially made 60 1.40
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Fig. 2 Schematic diagram of effective height H in

float specific gravity meter method (FSGM method).

L,: Distance from top of float type specific gravity
meter's float to the scale point (cm)

L,: Float length of the float type specific gravity me-
ter (cm)
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Fig. 3 Particle size distribution of barium sulfate
powder A by FSGM method.
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(b) Relation between temperature and particle
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Fig. 4 Effects of (a) concentration of sulfuric acid
given in specific gravity and (b) reaction temperature
on mean particle diameter of chemically synthesized
barium sulfate.
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Fig. 5 An example of schematic formula of natural
lignin structure.
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Fig. 6 Schematic structural formula of synthetic lig-
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Fig. 7 Cycle life performance of cells with nega-
tive active material containing (&) natural lignin and
(@) synthetic lignin. Cycle conditions: Charge at
0.5 CA for 1.3 h followed at 0.1 CA for 2.3 h (110%
input of discharge) at 50 ‘C ; Discharge at 0.33 CA
for 2.4 h (80% DOD).
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Fig. 8 SEM photographs of carbon or carbon fiber in unformed negative active material of 16 Ah type valve
regulated lead-acid cells with additives : (a) powder A, (b) fiber B, and (c) fiber C.

Table 2 Samples of carbon added to negative active material of 16 Ah type valve regulated lead—-acid cells.

Carbon Length of fibe Diameter of fiber Diameter of particle Specific electric
/ mm / um / um resistance / Qm

Powder A - - 35 0.015

Fiber B 0.13 13 - 0.010

Fiber C 1.5 13 — 0.010

Table 3 Additives in the negative active material of

16 Ah type valve regulated lead-acid cells for con- g 3.0

stant current PSOC cycle life test. %5 3 25

Cell BaSO, Lignin Carbon 5 ®

No. ‘.CI-J' 0O 2 0 |

1-1  Powder A Natural lignin A Powder A % % :

1-2  Suspension B Natural lignin A Powder A © %

1-3 Suspension D Natural lignin A Powder A = 8 151

2-1 Powder A Natural lignin A Powder A Qo

2-2  Powder A Synthetic lignin B Powder A =0 qp : :

2-3 Suspension D Synthetic lignin B Powder A 0.01 0.1 1 10

3-1 Powder A Natural lignin A Powder A Amount of barium sulfate / mass %

3-2 Powder A Natural lignin A Fiber B

3-3 Powder A Natural lignin A Fiber C
Fig. 9 Relationship between amount of barium
sulfate and mean particle diameter of PbSO, for

K 7e negative electrode treated by Pb metal dissolution
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Fig.10 Relationship between barium sulfate particle
diameter and mean particle diameter of PbSO, for
negative electrode treated by Pb metal dissolution
process after initial discharge.
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(b) Cell No. 1-2

32 &RUIT=>

W 2 7= %%z 7128460 PSOC A 7 v
H 300 A 7 VOB & OHERE & Fig. 13 127”7,
AN F=ryBrREMT AL, ROV 7=V A%
BT 2EDbEFMERLIEDbRDL. £2T,

o
T

Discharge duration time
FiN
o

/ min.

0 500 1000 1500 2000 2500
Number of cycles

N W
(¢}

Fig.11 Change in discharge duration-time dur-
ing PSOC cycle at constant current for 16 Ah type
valve regulated lead-acid cells with negative elec-
trode having additives: (O) BaSO, powder A; (&)
BaS0, suspension B; and () BaSO, suspension D.

Table 4 The amount and particle diameter of
PbS0O, in the negative active material of 16 Ah type
valve regulated lead-acid cells after PSOC cycle
life test at constant current.

Cell Test period Amount of PbSO, particle diameter
No. / cycles PbSO, from BET surface area*
/ mass % / um

1-1 1200 31 3.0
1-2 900 29 3.1
1-3 900 28 3.0

* Excluding carbon by calculation.

(c) Cell No. 1-3

Fig.12 SEM photographs of negative active material of 16 Ah type valve regulated lead-acid cells with addi-
tives : (a) BaSO, powder A ; (b) BaSO, suspension B ; and (c) BaSO, suspension D. The active material was
obtained by Pb metal dissolution process of negative electrode after PSOC cycle life test at constant current.
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Fig.13 Change in discharge duration-time during
PSOC cycle life test at constant current for 16 Ah
type valve regulated lead-acid cells with negative
electrode having additives: (O ) BaSO, powder A
and natural lignin A; (&) BaSO, powder A and syn-
thetic lignin B; and (M) BaSO, suspension D and
synthetic lignin B.
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Table 5 The amount and particle diameter of
PbS0O, in the negative active material of 16 Ah type
| valve regulated ead-acid cells after PSOC cycle
life test at constant current.

Cell Test period Amount of PbSO, particle diameter
No. / cycles PbSO, from BET surface area*
/ mass % / um

2-1 1200 29 3.1
2-2 3000 26 3.4
2-3 3300 27 3.7

* Calculation value after excluding carbon.

(c) Cell No. 2-3
(3300 cycles)

Fig.14 SEM photographs of negative active material of 16 Ah type valve regulated lead-acid cells with ad-
ditives: (a) BaSO, powder A and natural lignin A; (b) BaSO, powder A and synthetic lignin B; and (c) BaSO,
suspension D and synthetic lignin B. The active material was obtained from the negative electrode without Pb
metal dissolution process after PSOC cycle life test at constant current.
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Fig.15 Changein discharge duration-time during
PSOC cycle life test at constant current for 16 Ah
type valve regulated lead-acid cells with negative
electrode having additives: (O) carbon powder A; &)
carbon fiber B; () carbon fiber C.

Table 6 The amount and particle diameter of
PbS0O, in the negative active material of 16 Ah type
valve regulated lead-acid cells after PSOC cycle life
test at constant current.

Cell Test period Amount of PbSO, particle diameter

No. / cycles PbSO4 from BET surface area*
/ mass % / um

3-1 1200 31 2.8

3-2 600 35 2.7

3-3 600 32 2.7

* Calculation value after excluding carbon.
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