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R&D of Solid Solution Cathode Materials for Lithium Ion Batteries
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PN L 5 &3

Abstract

{EmE th—

Yuichi Sato

In order to meet the requirement for the electric vehicles or hybrid electric vehicles in near future,
it is necessary to develop higher energy density batteries. For this purpose, many materials for
cathode materials are studied. Recently, much attention has been focused on the Li-rich solid-
solution layered cathode materials,i.e. Li2MnOs-LiMO2 (M = Co, Ni etc.), which exhibit a discharge
capacity more than 200mAh/g when operated above 4.6V. This kind of large capacity cathode
material, however, appears to still have a problem such as a rapid capacity fading in its initial
several cycles when it was operated above 4.5V, which could be significantly improved through a
electro-chemical stepwise pre-cycling treatment. Its reversible capacity in the range of 2.0-4.8V
could be 250mAh/g after 50 cycle thorough a stepwise pre-cycling treatment.
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Fig. 6 Cyclic performance of a stepwise pre-cycling treated
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between 2.0 and 4.8V at room tempearture.
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Fig. 7 BF(a) and HR-TEM(b) images of the non-treated
Li[Nio.17Lio2C0007Mnoss] Oz after one charge-discharge
cycle between 2.0V and 4.8V at 0.2mA/cm?.
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Fig. 8 BF(a) and HR-TEM(b) images of the stepwise pre-cycling
treated Li [Nio.17Lio2C0007Mnoss] O2 after one charge-discharge
cycle between 2.0V and 4.8V at 0.2 mA/cm?.
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Fig. 9 HR-TEM images of (a) non-treated and (b) stepwise pre-cycling
treated Li[Nio17Lio2C0007Mnoss] O after 50 charge- discharge
cycles between 2.0V and 4.8V at 0.2mA/cm?.
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Fig. 10 SAED patterns of (a) non-treated and (b) stepwise pre-cycling
treated Li[Nio.17Lio2C0007Mngss] Oz after 50 charge-discharge
cycles between 2.0V and 4.8V at 0.2mA/cm2.
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Abstract

The UltraBattery is a hybrid energy storage device which combines a super capacitor and a lead-
acid battery in single unit cell. The Furukawa Battery and CSIRO successfully developed the
UltraBattery for smart grid applications. The UltraBattery have a four times longer cycle life than
a long life VRLA battery under the wind power test profile. Furthermore, the UltraBattery maintain
more than 100% of the initial capacity under the PSOC cycle life test for a long period. The
Furukawa Battery and CSIRO have launched field demonstrations of smart grid applications by

using the UltraBatteries.
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Reducing green house emission and improving fuel consumption has been required for cars.
Therefore, hybrid cars have gained popularity gradually and rapidly in Japan and USA. On
the other hand, in Europe, ISS cars have gained popularity because ISS can be equipped on
many cars with low price though performance and efficiency is lower than Hybrid system. In this
report, improvement points and the performance of new developed battery for ISS cars in this
presentation since we succeeded to develop the most suitable VRLA battery for ISS cars which

need durability in PSOC situation.
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Recently, Si material with capacity that is much larger than conventional graphite material is
expected as a negative material for the lithium-ion battery. However, Si material has several
problems in charge-discharge cycling. Silicide-nano-hybrid(SNH) which is consisted of Si and
silicide can improve cycling characteristics. So the SNH was investigated as a negative material.
The SNH electrode was made by slurry method as well as conventional graphite negative
electrode. And it was developed by examining the electric conductors and binders as additives.
Results of this experiment, the electrode performances of charge-discharge characteristics and
initial coulombic efficiency were shown that there was a large difference depending on kind or
amount of additives. Finally, the SNH electrode with slurry method has obtained excellent charge-

discharge cycling performance.
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Study of Lithium Iron Phosphate Positive Electrode Prepared
by Aqueous Paste Process for Lithium-ion Battery —4 —
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Abstract

Recently, lithium ion battery with lithium iron phosphate positive electrode 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 positive electrode 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 5000th cycle,
capacity retentions were 79% (at 25°C) and 73% (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
10 Ah cell showed excellent performance as well as 3Ah cell. Developed 10Ah cell used by
20Ah-12V module was able to 5.0CA discharge, and it was discharge capacity nearly 20Ah.
The 20Ah-12V module was assembled by using the developed cell. And it also showed good

performances.
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Fig. 6 Comparison of cycle performance of 3Ah laminate
cell and 10Ah laminate cell (25°C)
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Table 1 specification of 20 Ah-12.8V module
Nominal capacity 20 Ah
3.5 Nominal Voltage 12.8V
1.0CA
- (Y Module dimensions 198 mm X 163 mm X 80 mm
> 3.0 Mass 3.8Kg
o Specific Energy Density 67 Wh/Kg
% 5.0CA Volumetric Energy Density 99 Wh/L
> 25 i i
2.0 : : : e =
5.2 20Ah-12.8V Y 21—V O EHF T
—— after 3000 cycle

S PEHL L 7220 Ah-12.8V € ¥ =2 — )V D it B AT
il 25 CEBE T CTIro 720 0.5CATI3.8VIZAR D
FCEBMAEL, TDOH0.05CAICETT S F
TEBELBEXIT > 720 WEIZ0.5. 1.0, 2.0,
3.0, 5,0CADEEL — FTIL.OVE TITo 7
B9 I B A 7R T

A fE L 7220Ah-12.8VE Y 2 — L Tld
5.0 CAEAWEETH Y. 5.0CAKERIZB VT
b BE20AhOBEMBEAEONL 2 L A RERR L7,
St MERGEER LS. TV 2 — VOgE
Sz kS L TV FETH Do

Discharge capacity (Ah)

Charge 1 0.5CA CC-CV 3.6V cut-off current until 0.05CA
Discharge : 1.0, 5.0CA CC 2.0V cut-off

K7  10ANZIR—hEIDYA7ILEKERRT R DB
J2d: 5

Fig. 7 Comparison of discharge characteristics before
and after cycle life test 10Ah laminate cell
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Fig. 9 20Ah-12.8V module charge-discharge
characteristics
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Fig.8 Appearance of 20 Ah-12.8V module
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Development of Satellite for Scientific Purposes PLANET-C Lithium-ion Battery
— Third Report —

PANERE S T

Hiroki Ooto Kenji Ohira

Abstract

A B

Masahiro Yamamoto

KT ®in

&M

Hiroyuki Inahuku

Based on fundamental technologies used in the cell for "HAYABUSA" and for preparation for
mounting on the PLANET-C Venus probe scheduled for launch in spring 2010, we modified
various performance parameters and developed a revised 23.5Ah class lithium-ion cell. A
simulated operation test was performed in PLANET-C provisional operational conditions using
Engineer Model cells made for trial preceding evaluation; the validity of adaptability to the
mission. A simulated operation test confirmed that the capacity deterioration of the cells in the
PLANET-C mission would be suppressed to within the requirement limits. Based on development
results, we produced a Fright model cell and performed assessment of durability in mechanical
environments, and of safety. Through these assessments, we surveyed whether the developed
cell's structure can sufficiently withstand vibrations and impacts occurring during launching of

PLANET-C.
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Table.1 Operation plan of battery for PLANET-C

1TV ) EER
2 P RSEALT

Time (year) | Temperature (‘C) State
PHASE 1 Storage at
Delivery - launch 1.5 25 off load
PHASE 2
launch - arriving at 0.5
Venus
(nominal) 10 Standby use
(backup) 2.5
PHASE 3
Venus or bit 2.0 10 Cycle use

Ny 7)) =337 P E C (PHASE 1) ORI I3 H
FTOREGRBRECTHHT L UL, FFESIL L 8
WEXBE 7, HEh ki E% FE L7 IRETHIR
BIZTHRE S NS,

BV CTHEERZIT LT L &R ICHETLFET
D +F A7 7— (PHASE 2) MIHIZRATT 5, =
DOMNIRERR D ZEFEM 20 LR H) 6 0T (&
— 7R =V IFE—F) IR AY VN4 2= AT
OEDSHIFESEM & % 5o
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CHRERATOMRED2 S, ERAE=23.5Ah, HEY
DO ANF—EEN107Wh/kg L ED Y F
I AAF VB (DT TRV EHT) Thb, B
BEIZIZ 11 0 23.5Ah £V 2 EHESR L Tk BN
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3. ERAYIaL—2avIlLBERETDIREL

FEATRHMIA & L CRMEL 7223 5 Ah® EM v %
Av, BEOEMAEGTEN Y I 2L -3 a3 Vil
#FERL., PLANET-C 2 v ¥ 3 v ~O#EEEZH
AEL 720 R2IIRTHD . BRI O MG 2 XY 2
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T BRI 10C R EDO BRI & OB
A L CHEE N3 EER b F20tE L 72,
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Table. 2 Simulated operation test conditions

Phase Test time Test method
operating 1.5year | 25°C
PHASE 1 temperature test 10% SOC
Delivery-launch off load
y Temperature 4.5 month | 45°C
accelerated
operating o
PHASE 2 - temperature test 2.5year | 10C 41% SOC
Launch-arriving T float charge
at Venus emperature | 7 5 onth | 30°C
accelerated
. simulating after
PHASE 3 operating N
Venus orbit temperature test 2 year g:gﬁnng the Venus
3.1 PHASE1 #MA~TELSf

HEFTEF o ErBEL/EHN Y I 20—
varBoBRETRNIORT, ZOE, Ny T
) — 3L L BREE BT 57201210% DR
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Fig. 1 Simulated operation test PHASE 1
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Fig. 3 Simulated operation test PHASE 3
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Fig. 4 Failure mode Simulation test
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Fig. 5 Initial charge-discharge characteristics
for FM cells
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Fig. 6 Failure mode Simulation test
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Table. 3 Mechanical environmental test of FM cells
Iltem Requirement Test method
Random X, Y axis We impressed vibration while
vibration :maximum 7.4 G | discharging the FM cells of 100 %
test Z axis SOC at 0.2 CA, and observed
:maximum 12 G the voltage and cell temperature.
Sinusoidal |y 'y 7 s
vibration : : 7
: maximum 20 G
test
We impressed shock while
Pyrotechnic | X, Y, Z axis discharging the FM cells of 100 %
shock test | : maximum 500G | SOC at 0.2 CA, and observed
the voltage and cell temperature.
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Fig. 9 The wave of a shock impressed in a pyrotechnic
shock test
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Table. 4 Capacity maintenance rate of FM cells after
mechanical environmental test

Rate Capacity maintenance rate
1CA 99.0 %
0.5CA 99.1 %
0.2CA 99.1 %
4.5
------ Before test
After test
4.0
> 0.2CA
N
%
835 0.5CA !
2 1CA
3.0 E
2.5 L L
0 10 20 30
Capacity/Ah
H11 HERIREARIZOTHEEH DL

Fig.11 Charge-discharge behavior before and
after mechanical environmental test

6. PLANET-C & {1tk FM )V OR 2

FM Voo s L CGRIEERER, KO
VIR SRR T S L 72, MR BRSO #
DFEREZREITIRT

x5 FM )L DR MR
Table.5 Safety evaluation of FM cells
ltem Test method Result
Overcharge We charged the PM cells to
test 200 % of capacity under a 10°C Abnormality none
environment.
We short-circuited the electrodes
External of the PM cells of a completely
short circuit | charged state with a resistance of | Abnormality none
test 30.3 mQ between lines under a
stationary environment for 8 h.
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Study of Online Moisture Gauge for Plates of Lead Acid Battery.

M L

Isao Amemiya

Abstract
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Tomonobu Kamimura

A H

Kiminori Ushida

The moisture gauge of Near-infrared ray(NIR) was developed for pastes of plate for lead
acid battery . It found the wave length of 1430nm in unsuitable in the gauge. The accuracy of
moisture gauge is high, online measurement in pasting process, it showed available. But the
calibration need for each kinds of paste or condition of plate surface. Furthermore, we controlled
the oven temperature by feedback from the gauge, it was confirmed to be able to suppress the

unevenness of moisture .
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Development of Full Digital Control Type Inverter

= A
Kiyoshi Takahashi

Abstract

o R

Yoshihiro Yanagita

Our UPS has been well received by our customers, as it enables power supplies for direct current
and alternating current loads to be fulfilled with one set of battery. This helps make the overall

system, including battery, more compact.

The inverter section of the UPS has been substantially revised, fully digitizing the control.
Digitization not only suppresses the fluctuations caused by the aging of components used in
analogue circuits and changes in ambient conditions; it also enhances the robustness of control.
At the same time, the control circuit has been made more compact.
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Introduction of the UltraBattery
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to the Smart Grid Energy Management Demonstration
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Alkaline Storage Battery Components: Using Onahama Port for Exports to China
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Asteroid Explorer “HAYABUSA” Returned to the Earth.
“AKATSUKI” and “IKAROS” were Launched
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Engineering Support Activity for the Technical College in Our City
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Renewal of LYDEN Series Battery for Trucks and Delivery Vans
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Long Life VRLA FCP-1000 Type for Cycle Service

CO2 HIEAZ 4% T M ERBRBE T R 4 )L F — 4R
BEZHIS S 5720, HARASETREG, BOZ213 0
DEFTLHANELANF=DPBEAINODOH ) £
TN INRHEAILIE, FIRIE, KBTS RS
TN DPEET 5 KGR E L AV F— %2 K&l
BIRMANERT B & KELEED S OFEc
L AMEMIBITLEE LA, RREESEATNL S
FIEIOFHE. T 72BN MR £ OREDS
HY. INOLEMHTREFERE LT, FHLoE
AU REZ)DDH ) T,

COX)BERPL, BAHIZBWTL, YL
EHTE 594 7 VEEZIERT 5 2 &3 2
&L FREREEICHIS TE A LY RO REEAZF L&
WAL E L. BIIEDOSLMIEEEMD. Kb
KT ANF -2 BZETEILHEPEREMTH L DI
L. WL E LHMEREL [ A 7 v2—2A
B FCP-1000 2 &7 il il o X4 i 53
wix, TNEORBIHIEOM, FHizlc¥—2 7y
=27 MRERY AT A, BIREE
VAT LARE, RINCHBTORISS TS 20 £
L7ze T/, Bt H O REE S E (Battery
Condition Watcher) %% 342 LT, 7u— |
T— AQFBEMERIC, BE, NFEIL, BE X
B, €E=5 ) 7352 ENUHREE D T3,

[(EaHR]

OXEZANKEM L - A FTEIKEE (PSOC) Mt
BBICHRmMA e R LEERZ RO L L)

(2. OIS FAMA Z RS 452 & T, WET

HERE L 7 nlksn & SRR T ISR ) 5 < L. TEk

DA 7 N2 —ADEFEEMIZH, PSOCIRETD

ERTREZ L )12, AEX AN ZSEL T L

@ K&t (3000 cycles LA E*)
KR, BT o 7o m T A 4 % IEmAE T2

59

VW, TEWE oL L L COEE B RO EE AL
Y, EWENT, HAFEOR R E RE Sk
AHIT 2RI AR L. ASE BT E L7,
FCP-1000JE1&. ¥ttHeafi OFE A EIFIZ & - TH
4 7 VR % KR b S 7244 7 v — AF
L EM T,

MR SR X B

[BEith{tiR]
i FCP-1000
BE 2V
EREE 1000 Ah/ 10 hR
BEHE 2000 Wh
tiE 508 mm(H) [max.] X 303(W) X 172(D)
g8 #75kg
BEIXVX-KE 27 Wh/kg
BRBRIXNX—BE 79 Wh/I
HEY I 7VES 3000 cycles Bl E

(#HEh—5)

(RESERR SR R REAIG D RESRETRIRANTET)



Hamiin

N1V R AA Yy F VBRI Yy FOEBH

The Miniaturization 100V Switching Power Unit
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