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Development of Secondary Battery with Ambient-Temperature Molten Salt Electrolyte
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In this paper, the history and the fundamental properties for the ambient-temperature molten
salts (room-temperature ionic liquids, mainly EMIC-AICI; and BPC-AICI;) are described, and
the applied examples of the molten salt to the electrolytes of the lithium secondary batteries are
introduced. The molten salts must be widely investigated basically and industrially. The extensive

development of this field is expected.
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Table 1 Some physical properties of 60mol %
AICIl3-40mol% EMIC-LiClsy, +SOCI> melt.

Grass transition point (Tg) / C -86.2
Density / mg - cm™ (25°C) 1.38
Viscosity / mPa + s (257C) 23.4

Conductivity / mS - cm™ (25°C) 115

Electrochemical window / V 4.2
(Vvs. Al (Im) /Al) (-20~22)

Concentration of Li*/ mol « I 1.6
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Fig. 10 Charge-discharge efficiencies of the binder-free
carbon electrodes up to 30th
cycle (25°C)%” . C. D. : 0.35mA - cm™ (0.5C)
at 1st cycle, 0.07mA - cm™ (0.1C) at 2nd ~
30th cycle : (@) artifical graphite (KS-25) : (A)
natural graphite (LF-18A) : ([J) soft carbon
(FM-14) : () : Carbotron P.
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Fig.11 Charge and discharge curves of LiCoO. electrode

in the 60 mol% AICIl4-40mol% EMIC-LiCls. +
SOCI, melt electrolyte at 25°C “2 . The electrode
was put into the electrolyte under 5 X 1073
mmHg (— ) or 760mmHg (------ ) atmosphere.
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Fig.12 Cycle performance of LiCoO: electrode put into
the 60mol% AICIl4-40mol% EMIC-LiCls:. + SOCI2
melt electrolyte at 5 X 102 mmHg and 25°C “ .
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1-ethyl-3methylimidazolium salts.

molten salt | anion (X) [Formula weight(g'mol~") [ m.p.("C) | Ref.
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Table 3 Examples of rechargeable lithium cells with non-chloroaluminate molten salts electrolyte.
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Ultrabattery is a hybrid energy device between lead-acid battery and asymmetric supercapacitor,
electrodes of which were so synergetically integrated into one device with two terminals that
battery size could be kept. H, evolution from capacitor electrode during charging was inhibited in

effect with additives.

Prototype of VRLA-type ultrabattery was constructed and elemental and preliminary tests were
conducted. In comparison to conventional VRLA, it showed superior input and output power
through wide SOC range and PSOC cycle life. Furthermore two types of typical HEV cycle tests
successfully suggested its vehicle performance highly surpassing lead-acid battery.
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Development of Lead-Acid Battery for Idling-Stop Vehicle Application
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Toshimichi Takada Daisuke Monma Jun Furukawa

Abstract

From viewpoint of the global warming and energy conservation, auto-vehicle’s fuel economy
is so growing issue that a variety of measures are developed and under development. While
idling-stop system is already operated in some vehicles like taxi and bus, the wider application is
envisaged near future. Battery test method was studied and proposed by the relevant industries
and organizations.

Through the idling-stop tests of battery experienced were not only NAM (negative active mass)
sulfation but also negative lug thinning and PAM (positive active mass) softening and shedding,
all of which were analyzed to clearing up causing factors. New battery was designed and tested
with proposed method and its cycle life surpassed the target value substantially.
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L AR, HbE— FRABI V72— a v
THo7zh, FFICEBEET TH 2 HOM Y 38l
TEINTz, BEZE5 IR,

8l o Lo Lo a ] 1.25

Specific gravity | 1.24

1.30
>
1.25 §
()]

. 1.28
= 2
o 100\ I T ypr——t . ] 127 Q
= | . 2
= <—300A Discharge |, , @
S ! ! ! 2
S
©
@
L

00 10,000 15000 20,000 25,000 30,0(;62
Number of cycle
M4 TARUZTR by THEGRBREOBE. BEK
LEDHE
Fig.4  Behavior of voltage and specific gravity of
conventional battery under idling-stop test
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About Premature Capacity Loss (PCL)
of Valve Regulated Lead-Acid Batteries in Float Applications

BT IR

Hiromasa Noguchi Masaru Miura

Abstract
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Masanori Ozaki

In the back-up power usage of VRLA stationary battery, a somehow new type of premature
capacity loss has been reported in fields and its relating factors and reaction mechanism were
presented in recent literatures. The occurrences are classified into two types of usages and
areas, electric power supply in uncertainly or frequent outage and periodic discharge/charge
cycle, both of which are so due to the globalization of VRLA usages and the tendency of energy-
saving and system security that considerations on this phenomenon is thought as growingly
important to VRLA industry. Literature review was conducted and a test condition was developed
to the reproduction and acceleration. Survey of VRLA lined up started and interim results are

reported.

1. BUBIC

W% EMm (VRLA) X, EEHEOH#
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ORISR AT v S —
2 OEANRZEEATE wh kR —
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ToAEREWE L ZOFHM B, FREARR L
LCIEENEMNE., FHEREICL L DDEZETF TN
Z) 79 10)0

A TIE, PCLOFBEERE XA =X L2 L E
2— L HEFEZPOICEA T A LIZDOWT,
RS L7 R 2 i3 %0

2. BETHOPCLOLEL—-

21 ALABC @ PCL %%

ALABC (Advanced Lead-Acid Battery Con-
sortium) 1% 90 4RI 58 < VRLA OFAfiB 5
AV TATHLH, B1ITRT L9 IZPCL
3L TV W BELMFOMELRT IR,

PCL B#IZ 70, 80 FARIZHG F - 72 o HE)H
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Table 1 Three categories of PCL
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BT/ EMERE |4 4 e
PCL-1 DS H~F10H1 7 [FHE
BARRUFEEREICE |, o
PCL-2 3 EREMEOHAL #1001 7L ARE
PCL-3 EBl#ILT -3 [10008EY1 7L |&ZRPSOC
Rated (ideal)

\ PCL-3
|| PCL2 & Negative walk-down

1 Active-material effect

Capacity ———»

I
PCL-1 1
Interface effect

Life ——

X 1 FEHEY A 7IVICHEIBZPCLO3ID2DOAHFTY) —
Fig.1 Three categories of PCL in deep-cycling
applications
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B EOBRESRMN L 0w BERIIREEROE & 17
WEIHThb,

2.3 IEC ## (IEC60896-21) ©

2004 4ERR T, 12, UPS., BRI E, JE
W HBIRH ORI E R E RIS L, 7 A
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Table 2  Requirement for float service with daily
discharges
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=3 BN O HEDEMICEH 15 DOD RUFEE 7 IC
NTBEMDOY A VIVEGERHERE
Table 3 Total elapsed cycle and accumlated capacity
until failure with a variation of the DOD and the
discharge current on stationary battries of O
company in Europe.
5 DOD| 309%p0D | 40%D0OD | 60%DOD | 80%DOD
B8/
10 >110 >110 _ B
s (>33+C10) | (>44+C1o)
151 67 >110 >110 B
S (=20*Ci0) | (>44+Ci0) | (>66+Cio)
501 >110 67 >107 B
s (=33+C10) | (=27+Ci0) | (=64+C1o)
201 >110 50 >110 105
s (=33+Ci0) | (>20+Ci0) | (>66+Ci0) | (=84+C1o)
*=4 FEREMICH TS DOD RUHMESHICWHT SE
HOY A JIVEGERBERE
Table 4 Total elapsed cycle and accumlated capacity
until failure with a variation of the DOD and the
discharge current on experimental battries.
- DOD| 309%p0D | 40%D0OD | 60%DOD | 80%DOD
B
10l >300 >300 B B
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40 >300
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34 66
30 o (=10+C10) (=26+C10) B B
2.15 3 :
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210 % : 0.3CA, 1.3hr -
FE 1 2.23V/JLCV, MAX200A, 22.7hr
2.05 B 1 25C -
S o L
< 200 %@mmm
ua] ' E%b
B 195 2 =
= .
K
i 1.90
_"E.‘gl: M =0 - %/@A
1.85 S O— EithB 0
‘- FHiwT1>
1.80 d =
1.75
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H4 7 (E)
2 PCLARELXTWVWERAETOY 1 J7IILHERER
Fig.2 Results of cycle test in condition that PCL

occurs easily.
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_0.50 x5 WHEIZICHE D1 7 IILERBRER
- o AR A Table 5 Results of cycle test on our batteries of product
040 | o FAEIR B under condition that PCL occurs.
pEEE] B2 (Ah) BE (V) PR
Tith #1 230 ()
o o 100

Bith #2 12 180 (HE#tH)
Eith #3 200 150 (HE#tH)
Bith #4 300 2 210 (iE#E+)
Bith #5 1000 345

0.60
Z' (Q)

3 ERBiR A KU B DILEIREE TD Cole-Cole plot
Fig.3 Cole-Cole plot for positive plate A and B in
state of discharge.

EfER A

4 IEHiR A RV B OMEIRE TOMIRKED S (PbS0s) 5%
Fig.4 S (PbS0Q,) distribution in cross section of positive plate A and B in state of discharge.
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In-Orbit Operations of Li-lon Battery Aboard HAYABUSA Spacecraft -Second Report
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World’s first spacecraft powered with Li-ion battery, that is HAYABUSA, was successfully
launched in May 2003 and arrived asteroid Itokawa on Sept. 2005. HAYABUSA accomplished the
great feat of the touch-down as well as fruitfully various remote-sensing from 7-20km above the
asteroid. Now it is on the way back to the Earth with expectation of dropping its cargo capsule

with Asteroid’s soil June 2010.

The battery consists of 11 prismatic cells in series with a rated capacity of 13.2 Ah, SOC of which
was maintained in a certain controlled range according to battery’s calendar degradation of
capacity and each cell voltage of which was reset periodically with a cell-by-cell balancing circuit.
As a result, the battery performance was maintained consistently with the simulation result, which
suggests to prove the correctness of our experiment plan.
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fig.1 An image of asteroid “ITOKAWA” and a shadow
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Table 1 Specification of Li-ion cells for HAYABUSA

spacecraft

Rated Capacity (Ah) 13.2
Size WXTXH (mm) 69.3 X 24.4 X 132
Mass (g) 570
Specific Energy (Wh/kg) > 85
Volumetric Energy (Wh/I) > 220
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fig. 2

[ER&] BUFILAFEHOINE
External View of 13 Ah Class Li-ion cell for
HAYABUSA spacecraft
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*=2 20Ah &) F LA F L EiDFET
Table 2  Specification of 20Ah-class Li-ion cells

HAYABUSA 20Ah class
> 85 > 107
> 220 > 245

Specific Energy (Wh/kg)

Volumetric Energy (Wh/1)

F20AD A XT3 % 5 S B % L 5 F -
FHIANF—BIEE BT D,
B O 129 4 7 W Bk — & 7R

120

100
>
G 60f
©
&
O 40

20 |

0 | | |
0 1000 2000 3000
Cycle Number
9 20Ah FREMDIERE 100% Y 1 7 )L FéniFk

Fig.9  Cyclic performance of 20Ah-class Li ion cell
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Development and Operation of Independent Power Supply System with PEFC and
Lead-acid Battery

T M

Akira Dobashi

Abstract

(NI

Toshiaki Yabumoto

An independent power supply system was developed with Polymer-Electrolyte Fuel Cell (PEFC)
with H, gas intake and lead-acid battery (VRLA). While PEFC of 24V-Max 200W was a primary
power source in the system, VRLA of 24V-7.0Ah auxillary power source supplying insufficient
power due to rapid load demand along with recharging surplus power of PEFC, which was
conducted automatically with the control voltage of 23.5V. The system was packed to be installed

in 19” rack.
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Table 1 Specification of PEFC
Type F 415
Kind of FC PEFC
Number of Cells 40
Output Voltage [V] 24
Output Power [W] Max 200
Electrode Area [cm?] 25
Operating Temperature [C] 40 ~ 70
Operating Pressure [kPa] 20 ~ 30
Fuel Hydrogen
Oxidant Air
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£2  BINEEOHH
Table2 Specification of independent power supply
system
Output Voltage [V] AC100
Rated Output [W] 100
Hydrogen Cylinder Capacity [L] 60
Operating Time [min] 30
Dimension [mm] W430 X H299 X H453
#*3 WA AEBROEBENINE
Table3  breakdown of electricity consumption of
independent power supply system
Power [W]
Maximum Output of PEFC 200
Power Consumption of Accessories Max 41
DC/DC Converter Loss 7
Charging
Power Consumption Max 50
AC Output 100

7 ERENER
Fig.7  External view of independent power supply
system of 19” rack size.
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Fig.11(a) Voltage of PEFC and VRLA during continuous
output power of 100W
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Fig.11(b) Surface temperature of PEFC during continuous
power of 100W
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Stationary Lead-Acid batteries—General Requirements and Methods of Tests—
Partl: Vented types
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#%E [ELECTRIC POWER KOREA 2006] I
EXAEEbz R

Present Our Industrial Use Storage Batteries to
“ELECTRIC POWER KOREA 2006

2006 4F 4 H 26 H 7 & 3 H [#. Korea Electric
Engineers Association @ F fi T B fit & 1L 72
“ELECTRIC POWER KOREA 2006" (LLF. EPK)
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52[E [ELECTRIC POWER KOREA 2006] ICE¥HAZEEME HE

Electric Power Korea 2006 SHOW REPORT STATISTICAL DATA »5
B Principal Business of Visitors

Exhibit Field Count %
Manufacturing 4,569 30
Drawing 2665 17 O Manufacturing
Engineering 2,605 17 - Drawlng .
Government 1,676 11 g Zr(])?/:r:?:gr?t
Safety 929 6 W Safety
Agent/Distributor 868 6 B Agent/Distributor
Supervision 655 4 | Supervision
Impoter 548 4 O Impoter
Exporter 350 2 M Exporter
Association/Researcher 210 1 @ Association/Researcher
Others 156 1 O Others
Tatal 15,231 100
B Job Function of Visitors
Exhibit Field Count %
Engineerig 5,910 38.8
Purchase 4,189 27.5 O Engineerig
R&D 2,285 15 M Purchase
Management 960 6.3 OR&D
Sales 822 54 O Management
Marketing 564 37 W Sales
Oplanning 198 1.3 E gz[l‘;ﬁ:ﬂ%
AD/PR 122 0.8 O AD/PR
Others 181 1.2 B Others
Tatal 15,231 100
M Purpose of Visit
Exhibit Field Count %
Collecting information 5,285 34.7 2%
Purchasing Deal 4,371 28.7
Marketing Research 3,655 24
Brootvk:l::rswg 1 222 12421 O Collecting information
Tatal 15231 100 M Purchasing Deal

O Marketing Research
O Browsing

M Interesting Field [Power Electronics, Power Quality, Automation]-Multiple Choice

Exhibit Field Count %
Power Elce;ztrr:;(;ﬁzntt)ewces & 4,885 210
Power Supply System 3,455 14.8
Energy Saving System 3,435 14.7

Electric Powewr IT 2,793 12
Power onversion & Control 2,514 10.8
Power Automation 2,468 10.6
Measuremeg;/S Ii)(;?ngnoss/Test 2,049 8.8
Power Quality 1,513 6.5
Others 186 0.8

Tatal 23,298 100

1%

O Power Electronics Devices & Component
B Power Supply System

O Energy Saving System

O Electric Powewr IT

B Power onversion & Control

O Power Automation

E Measurement/Diagnosis/Test System

O Power Quality

H Others
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RFAEBHFIERE

Automatic Braking System for Maintenance Car
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BEARBATIVAVEE
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The Alkaline Storage Battery for Engine Starting Adopts to KIHA E120 Systems of
East Japan Railway Company, and E130 Systems.
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LM T4 5. 5 FRICMT RETREZMA

The MT-Batteris have been Delivered to Guangzhou Metro Line 4 and Line 5
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Asteroid Explorer Hayabusa Spacecraft Observed Asteroid Itokawa
*The Special Issue of the Journal Science has been Published for Itokawa-*
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The Independent Type Solar Power Generation System

for Airplane Warning Lights is Supplied
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FGUARD Battery with Built-in Tester Function
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Valve-Regulated Battery for Motorcycles “FTZ9-BS”
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Tester FBT-50 for Motorcycle Battery
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MD1000 &t 1 ') X 2B HaEDERmIt

Commercialization of Thyristor Rectifier Equipped with MD1000
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