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Ba /0 Pb-Ca-Sn & & O i #ll #8 #&
Microstructure of Ba Added Pb-Ca-Sn Alloy

Abstract
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B Bl
VAT ATFY A4 TER

¥z g dht

Takuya Yasuno

Ba added Pb-Ca-Sn alloy for positive grids have excellent mechanical properties, superior
durability for corrosion and growth. It is generally known that the mechanical property of metallic
material depends on a microstructure. However, there seems to be few the detailed report of
relation of microstructure and mechanical property on Ba added Pb-Ca-Sn alloy. This review
explains strengthening mechanism and recrystallization behavior in rolling on Ba added Pb-Ca-

Sn alloy through microstructure observation.
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Fig.1 TEM photograph of microstructure in Pb-Ca-Sn

alloy by extraction replica technique.
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Fig.2  TEM photograph of microstructure in Ba added
Pb-Ca-Sn alloy by extraction replica technique.
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Fig.3 EDS analysis of Ba added Pb-Ca-Sn alloy by
extraction replica technique.
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Fig.4  TEM photograph of microstructure in Pb-Ca-Sn
alloy by thin film method.
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Fig.5 TEM photograph of microstructure in Ba added
Pb-Ca-Sn alloy by thin film method.
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Fig.6 = TEM photograph of microstructure in Ag - Ba
added Pb-Ca-Sn alloy by thin film method.
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Fig.7  TEM photographs of microstructure in Pb-Ca-Sn
alloy after aged at 373K by thin film method.
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Fig.8  TEM photograph of microstructure in Ba added Pb-Ca-
Sn alloy after aged at 373K by thin film method.
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Fig.9 TEM photograph of microstructure in Ag - Ba
added Pb-Ca-Sn alloy after aged at 373K by thin
film method.
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Fig.10 TEM photographs of microstructure in Pb-Ca-

Sn alloy after tensile deformation by thin film
method.
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Fig.11 TEM photographs of microstructure in Ba added
Pb-Ca-Sn alloy after tensile deformation by thin
film method.

3. EEMOBIEREHORE

SEIZB 72 X9 12 Ba il Pb-Ca-Sn & 4%, &
] 72 A R S B 2 VT, AL 7B R &
AL, TORERELTREL 70— X 2 MFEMIZH
35, 2L T, KEEOBMMRREET L L THiE



BHE

Ba i&/l Pb-Ca-Sn & & O il#a %

12 Ag - Baifhl Pb-Ca-Sn 5§ £ DHKiE D TEM #
BH (#%)

Fig.12 TEM photograph of microstructure in Ag - Ba
added Pb-Ca-Sn alloy after tensile deformation by
thin film method.
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Fig.13 OM photographs of macrostructure in cold rolled
Ba added Pb-Ca-Sn alloy.
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Fig.14 Relationship between height reduction and tensile
strength .
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Fig.15 SEM photographs of microstructure in cold rolled
Ba added Pb-Ca-Sn alloy.
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Fig.16 SEM photographs of microstructure in cold rolled
Ba added Pb-Ca-Sn alloy after aged at 373K for

720ks.
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Fig.17 TEM photograph of microstructure in Ba added
Pb-Ca-Sn alloy.
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18  40% EiLM D TEM BIREE
Fig.18 TEM photograph of microstructure in 40% cold
rolled Ba added Pb-Ca-Sn alloy.
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Fig.19 TEM photograph of microstructure in 90% cold
rolled Ba added Pb-Ca-Sn alloy
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Development of Satellite for Scientific Purposes PLANET-C Lithium-lon Battery —2nd Report—
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Abstract
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Hiroyuki Inahuku

A AT

Masahiro Yamamoto

Based on fundamental technologies used in the battery cells for “HAYABUSA” and for
preparation for mounting on the “PLANET-C” Venus probe scheduled for launch in spring 2010,
we developed a revised 23.5 Ah class lithium-ion cell. We produced a prototype model cell with
space specifications and performed assessment of adaptability of performance of the cell to
the “PLANET-C” mission, assessment of durability in mechanical environments, and of safety.
Assessment of its adaptability to its mission is continuing: all cells subjected to testing have
exhibited good progression. Result of assessment of durability in the mechanical environment
revealed that abnormality was not found in the cell. Safety assessments have confirmed that
fracture, ignition, actuation of the pressure relief valve and a sudden temperature rise did not

occur.
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Table 1 Operation plan of battery for PLANET-C
Time (year) |Temperature (C) State
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Venus orbit 2.0 10 Cycle use
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Fig.1 Appearance of PM cells
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Fig.2  Discharge characteristics for PM cells

3.3 EXY I FmAER

PM t VOER YA 7 WV Z RS 572
B, 100%SOC 225 2227TW OEBRIINE% 90 5747
%) FEMBS A 7 ViR A BRI L7, SHUIERSE
MLEH R A H BN 2 HE L&t Thb, K3
(X460 1 7 VS L7-FFETH D . B 2R
BHENTWD,

4.5

End voltage (V)
w
(6}

3.0 [

2.5

0 200 400 600
Cycle No

3 EARYAUIHEREE
Fig.3  Cycle life characteristics for PM cells
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Fig.4  PSOC cycle life characteristics for PM cells

3.5 EAYIaL—-arHE

LR LA—HEDO/Ny 7 1) — 3 OB
BIE L 72o B5 127 DOREBFE®E R FEMIE
MA~ITH EFE CoORERBFTH L, RER
ERTl3 10%SOC @ PM v % 25T O BrsE T |25
L. B E SRR T i L T\ b, JITE,
BLEIEBLTBY ., L5 EROREREMHERFE
93.6% &\ ) ERIEAEM TE L RIAATH 5o

2 100 —u

2 Ik

6 95 ==

g -

] Demand value
g_g, 90 |

©

<

?

5 85 f

80 ! ! !
0 0.5 1 1.5
Time (Year)

X 5 BRYIL-Ya HBR REEM
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Fig.8 Discharge characteristics after storage of

temperature acceleration simulation test
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ltem Requirement Test method
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+ Y axis None
— Y axis None
+ X axis None
— X axis None
+ Z axis None
— Z axis None
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Development of Automotive Battery for Short Distance Run Delivery Car
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Abstract
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Furukawa Battery released the LYDEN series of a hybrid type on the market as a battery
exclusively for the delivery car in 1990, and has been in a great demand. However, the case
where it was not possible to satisfy it enough in an existing specification went out for an electrical
equipment load increase and the change in a driving pattern in recent years. Therefore, the battery
made suitable for the delivery car service has come to be demanded. The battery specification
was reviewed to improve the charge acceptance characteristic, and not the reef-type synthesized
separator but the pocket-type polyethylene (PE) separator of the low resistance was adopted for
the development battery. The charge acceptance performance has improved to the development
batteries by about 30% compared with present batteries and about 40% longevity has been
improved in the endurance test that limits the amount of charge. In addition, the effectiveness of the
specification change was able to be confirmed by a field test in about 1.5 years,
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Fig.11 Appearance of conventional plates after life test

34 BREFMICLIEERFHEEDFESR

EHIZBILHFGE— FO—2¢ L TBAEEIZL
5 IEMAE T RN D 5o ARSI TIEREILD 720
ZIERR AL TIEAD BT LD B4 10% # v
BMRAERRH U720 —F . BRELEIEL 25 L1
TIEEESEML., /2, EREDEI®RILL 2§
{7%ADT, T CTHLEMBLELY TSI L)
RITH B, EIBEROIN AV I BRI E
BIEALDORI R 2 FERT 5720, EiRBFTEICL DM
WA E AT o 720 FANE & BRHILEOM A
&R 4, ABSEME TSRS,

- BRIREE - 75C  OkA#)

- FESM 144V (Max10A) x 110 BEfH

- BARSHCE R - 56 ~ 58hrs

HERER ¢ 110 FE R TS — BB ICE 2 1 K

<RI EERERSM © 300A % 30 FOE

- FRaflE SO HTEE 72V LT

x4 Y TIVEE
Table.4  Sample condition
EHA &%B & C
EiRE BT BT 10% i
ERERLLE 1.28 1.26 1.26




#HX

RERETERERRNTEMORRE

Fram e RO 30 B HEIEHER AR 12 1I27R 7,
BT R ERFEROY A 7 VEIZEIZ % <, 10% #
RISAR A B L 72 B 5 il eS¢ b fesk & A
HEDFHFE BT HIEDPMRINT, T, Farkk
THOEBERDIEEIRFEZ =D D > T b
HICEDLYIZ L, BTOBEEIHTH (LE
1.26) A%56%/ FL. B%sdh (WL 1.26) 2% 58%/ #L
LI AEEIRON DT,

30 second voltage (V)
©

~

6

0 2 4 6 8 10 12 14 16 18 20
Cycle number

12 30 EHEXH#E
Fig.12 Change of 30 second voltage on cycle test

4. 714=IVKEER

FZEah D T 2 MR 4 72912, 2005 4F 7
A &) KRFERMESHOEITH#EA 20 ~ 40km/ H
D IFFEEEAT IS & AT EEREAY 100 ~ 180km/ H O
FERHEAEAT Ml TEBEHBR 21TV, FAEmOFEM
FarPERE 2 G L 72 R ELOI ¥ 5 VR
CCA DB O—F1 %K 13 (2. [EILE O &K
DHEHEZH 1412787,

SRR B AT U CFT - 7o EHREBRE O 2 v ¥ o
7 A CCADEfEIX) -7+ G~y he/L—%
EHVLBATRICH L, R ZF L renNL -5 %
BRH L 725 12 7 H HTH 220CCA &<, H
BREMMO 18 r HE MR TE 52 MRS
72o T2, FHEDZDOIZ 18 7 H H THAHIIZREE
L7z E OB O IV 7 = — 3 a3 VHEEHH
D 1/3 75 1/8NEWFESNTEBY ., TEZA
HEDOUYEER) R AHERE S 7z,

20

1000
g %S (D31)
O 800Ff
[0}
(&}
5 BHS (D26)
s N0 —
3
2 600}
O
o

400 . . . . . . .

0 3 6 9 12 15 18 21 24
Deployment period (month)
13 2224742 ZCCAIH##E

Fig.13 Change of Conductance CCA

RiTd(127 BREE) FRREMR(187 AkEE)

14 HismBEik
Fig.14 Appearance of Negative plate after life test

5. FAREMDET LR

iFEan L BUTMOE 2R 5. FZEmOITE R
6 1R Yo IR 2 bR VWL )12
Pekin EFERICIE O T AT A TE L, WRNZT 1
=g R iR ICEE L et Emo Tz,

x5 BT & ARBDEIRESR
Table.5 Comparison of specification
BIT&H FARS
EithEE 100% 98%
(%T}Eg% /= (n+1) EELL
&7 | EE Pb-Sb R&% Pb-Sb %&%
B | giE Pb-Ca %&% Pb-Ca %& ¢
+HENEEE = EH
2L —4% J—74+Gvy b RKYIFL L —%
ERRRLEE 1.28/20°C 1.26/20C
primE BEEAT Bhigz A 7




FBTF%ZZAHJ=Za2—2Z No.65% (2009. 11)

*6 FEmDET
Table.6 Specification of Development product

HEB D26 D31
e R 260 306

AP —
(mm) jﬂa 173 173
= 224 224
RC (min) 134 182
CCA (A) 622 759

7. &8

EATHEENELS 7A R Y 7 A by T2 %
TAHEREHEHEDBE L CRETAFEICENE
{& % F?lﬁ%é L7,

(1) RO FR) 5L > k/SL— & ORHIC &
D BISS AR JIS B AR CHATMmON
L35 L TE T2,

(2) FEZ AW ZES L FEHIE N5 — Ty
AERICB VT, BSSAEpE R & B L T,
WlaEoEHEmLE ), BABROY IV T «
—3a v LT E 2,

(3) 74—V Nl O > FFH ity o
WEBERYT Y527 5 v X CCAEDIHER
L0, BSMIIEEREET SR T ThHILZE
EREBE O 18 r AU EZETE 514
LFEREMRHEE AT LI Dol

8. BE¥

FHRBEO T — 7 AU S h 28 & £ L72R4R
BRI L £95

SE Xk

1) WH—=, WAZEE FB7 7 = # V=2 — A No 34,
(1990.7)

21



#HX

REMBIHAXNMBEETNORFEL
BAOHBREEY AT LANDEHR
Development of Long-Life VRLA Battery

and Application to Battery Energy Storage System
for Wind Power Generator
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Hideaki Yoshida

Abstract
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Masaru Miura Daisuke Kikuchi
ERlIE:A.

Jun Furukawa

The developed VRLA into which various improvements are introduced achieved cycle life o
7,000 cycles or more under the deep discharge cycle test condition of charge / discharge and
70% DOD. The Battery energy storage system for wind power generator was constructed by
the developed batteries of 160 units and the high efficiency bi-directional inverter. The output
fluctuation of the wind power generator was controlled by parallel operation of this system.
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Recently, lithium ion battery with lithium iron phosphate cathode having long life, low cost, and
high temperature stability for safety has been extensively studied. The practical aqueous paste
process technology without organic solvent for cathode production had been established. The
laminate type 3Ah Li-ion cell based on the technology showed excellent performances such
as long cycle life and high rate discharge characteristics. At 3000th cycle, capacity retentions
were 82% (at 25°C ) and 77% (at 45°C ) at complete charge (1CA) - discharge (1CA) endurance
test, and it was confirmed that the cell was able to 10CA discharge then. The investigation of
making to a large scale was carried out based on these results. The developed 10Ah cell showed

excellent performance as well as 3Ah cell.
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Table 1 specification of 10Ah laminate cell
Norminal capacity 10Ah
Norminal Voltage 3.2V
Cell dimensions 180mm X 155mm X 8 mm
Mass 295g
Specific Energy Density 108Wh/Kg
Volumetric Energy Density 143Wh/L
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Recently, lithium ion battery with lithium iron phosphate cathode having high temperature stability
for safety has been extensively studied. In this study, lithium iron phosphate was evaluated by
new method. By the single particle electrode measurement, single secondary particle electrode
with carbon coated lithium iron phosphate was shown excellent performance. In fact, 50%
capacity versus theoretical was obtained at 714CA discharge. On the other hand, enough
capacity was not obtained by paste type electrode. The effort to improve the performance of
paste type electrode as much as single particle electrode is necessary in the future. By the in situ
FT-IR method with potential steps, electrolyte decomposition by oxidation to film formation was
found to start at 3.6V vs. Li/Li+. The film is so stable and prevented a film formation any more. In
this way, the cell with lithium iron phosphate as a cathode material is not easy to raise the internal

resistance.
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Table 1 Specification of paste type electrode and coin
cell

2016 coin cell

Lithium iron phosphate cathode
prepared by aqueous paste process
Active material : conductor : binder :
CMC=100:10:1:1

18.26mg

Cell type

Cathode

Paste composition

Mass of active material

Thickness of carhode material |76um

Density of cathode material 1.547g/cc

Anode Li foil

Electrolyte 1M LiPFs/EC : EMC=3 : 7vol.%
Area of electrode 1.767cm’
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Fig.10 SNIFTIR spectra for electrochemical oxidation of

1.0M LiClO4 / EC + DEC on LiFePO.4 paste type
electrode. The reference spectra were taken at
previous potentials. Measurement condition : p —
polarized IR beam
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Fig.11 SNIFTIR spectra for electrochemical oxidation of

1.0M LiClO4 / EC + DEC on LiFePO4 paste type
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taken at previous time. Measurement condition :
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Assignment of each peak in FT—IR spectra for
1.0M LiClO4 / EC + DEC

1820cm™...C=0 str. from EC
1790cm™...C=0 str. from EC
1750cm™...C=0 str. from DEC
1485cm™...CH>CHz bending
1395cm™...CHs sym. bending from EC
1375cm™...CHs sym. bending from DEC
1280cm™...C-O-C sym. str.from DEC
1210cm™...C-O-C sym. str.from EC
1180cm™...C-O str. from EC
1110cm™...C-O str. from DEC
1085cm™...C-O str. from EC
1025cm™...C-O str. from DEC
1085cm™...C-0 str. from EC

Table 2

1100cm™...CI-O str. from LiClO4
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Development of a Noise-Immune Battery Conditioner Watcher for
Mono-Block Batteries “BCW8”

ER RGN

Kiyoshi Takahashi

Abstract

I %

Shigeru Nagashima

We have developed a battery conditioner watcher “BCW8” for mono-block batteries, by
combining the noise countermeasure technology and the wireless communications technology
that we have accumulated in the development of “BCW?7” for 2-V batteries. The BCW8 enables
stabilized measurements even in such noisy environments as in UPS, and allows easy
installation compared with conventional BCWs, thanks to its wireless communications capability
and its new structure in which every battery is equipped with a sensor.
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