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= Invented by Stanford Oil of Ohio in the 1960s

= Product line introduced by NEC in 1978 (SOHIO license)
T7tatet7|E BEEER HA

= Initially used for computer memory backup
HI|/HXERE (HER
= Appreciation of other attractive features in 1990s M| (E2E
- Extraordinary power performance compared with batteries L XA
(Charge and Discharge) 2. O|X}HX|
. . . . A FHIYA|E
- Very long cycle life compared with batteries 3. FHFAMAIE
4. MX |28 3 387
- Long and maintenance-free operation life 5. MX|HZX =7} U SAEH|
- Safe, environment friendly technology 6. 7|EHHR]
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- S AZE of| L X| =9 Mz 2EE4d ANERR
20} ° Source Needs
(X) 1 1 (&) (°C) (A 3)
. ) Boza/
PRk 5-10 2.2 Wh/kg 660 W/kg 104 -20~45 185 (13) 31}l 2 ©/Bombardia MEs
— o
2,300 (15)
AMR - 2.1Wh/k ,500 W/k 1 25~ HEZM IR
1-2 /kg 3,500 W/kg 0 5~85 0= & o2 |[E2M b7
. 50~75Wh/kg o VRV
- = - Fof g
Mild s T 30~50kW 15 2.1840tCH (15) | HEV Market Report ‘08 xpar
HEH ESS: 200= 2 ) ,
ob 5-10 ~150 kW - - - (20) Pike Research ‘09 2Q 2/Mz|M
2168tCY (20) A0bE YA =
Al = ECWINEEIRS
247 5 5 kwWh/L 2 kW/L 15 209 (20) H-2A171:30% /M=
, ‘10 =M™ ClHo|A otHd/
UPS 1-2 - 10-15 25~30 6,000 ('12) o o
p-HEV 1-5 1.6 Wh/L 4.8kW/L 15 - 460+CH HEV Market Report ‘08 7t/ 21
Iz 24 ~ - _ ~ Y
=y 30 30 Wh 13 kW 10-15 25~80 260 (108) —_
IS
Efj ot 1,800 2.2 Whrkg 9.8 kW/kg 10 -40~65 - -
H-bus ~ 10 2.1 Whkg 400 W/kg 8-10 -40~65 350 (13, 532) Me|M/E
ClaEas8l|sSd

L P g ey e Sy

A—_

@ Logic Tree
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M ANZYIE 7] 2ol 57| 2 2dES st A N7 H™E 3716t A 3.
ustal Bg +37| 2g
= AIE|F AL = =57 AE
EX | = 82225 600-7000C = 232 800-9500C
= High surface area (~3000m2/g) = H{EHAN SHA| (~1800m2/g)
= 225l erEd
-2 BY M Mo He
BHE |- s uENNCE 18 M AX s - 2T3YO| MHSto| M7t BAE HD s
SHE L HRAS WY Has)
ERNE PR EES
s 3EE Y7tE 25 B ™
= HALE 0| K2CO3 K 2| o3
CI™ | = 2712|® Al 2 17t 34 = DHEHY 440 0{34g
= oENe HE HE =2
= A7tE| &0 THRE Qe FHI| MElY £ X5t
== = MSP20 (Kansai, H) = YP50F (Kuraray, )
ST |« CEPAH Y (PCT, %) = Haycarb (A 2|27}
Mo | " 22k 520 F/cc = 22k 15 F/cc
CS |« 3HE2E: (300 ppm = L5242 ~ 1000ppm
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. Maers Pore
X) T Unit
solvant ‘.{/ adsorbate
. 5 :I-lnjnhoﬁnl Pore Free Volume
3 AR 0.4 -0.5nm
By 7~ = Wicro Pore
-
TYE 7|30 BE
[ ]
&
®
L ]
e
®
[ ]
Too Small Pore Size = lon Size

No Capacitance Low Capacitance

Staking Cluster 2

Optimal Pore Size
Max. Capacitance

Functional Groups

Pore Size >> Ion Size
Low Capacitance
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e ﬁ ° ' ° °
- ==, oy @q ST e e -
Mixing Coating Rolling &&= Mixing  Kneading Roll Press &=
gyt b} QI =R 20 ) Bl =HA 20
(<35%) (PTFE/BSQ| 2&) (Super-P) S0 (<90%) (PTFE) (Super-P) °
[ [ [ | [ I | |
| |
| 1st Mixing | Mixing
I [
| 2"d Mixing | T 1st Roll Press v AR
vV AR AH

| Coating (100-200um) |

I v =30 [
S3gA | 2nd Roll Press |

(~15(?0um)
I
| Press | Drying
I I
| Drying | Slitting
I
| Slitting |
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Tech. Tree

— HHXIRE

— M=

Pore size

Micropore

Macropore

—| Pore dist.

Mesopore |

—| Surface area

|—| Uniformity I

Cation |— lonradius |
Anion —| Ion radius I

—___®=

|— H3f solvent

Cation

Anion

M3l solvent

Solubility |——| Solv. x4

7| M

|—{ Eﬁlxﬂ/polymerl

Polymer binder

AM=-FHEA

—— Polymer %=
1 22EEE 2y —| A EEHEII

Cation

Alkyl

Anion

Benzene

F3l solvent

COOH, OH, CHOl——]  #l23 |
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- Cycle EM 4Hf 4 (vs S=HX])
- 23 50% A (vs HETX])
- Cost 42 1/3 NiMH, 1/5 LIB

- 3y ks

it

. ChA
[B e |
- G2 R YE (vs HEHK)
- 52 WX 71 vs YETR)

- %8 7t 20

- Micro %! Mild HEV
- MO X] AA ME FHXK|

PbC_d 9|

Lead Acid PbC uc NiMH
* &3 PbO, - %3 PbO, . - 93 Ni(OH)2
4 -8 Pb < S Poke | TeC - 53 22N
- g4 Ml E o B HEE =
V) 2 27 12
Wh/kg 41 30 6 60-120
Wh/L 60-75 40 8 140-300
W/kg 180 300 5,000 250-1000
Cycle EM 500 2,000 1,000k 500-1,000
Cost | Wh 250 610 - 900
® | cycle 063 042 - 15
Xt/ 72v4/ ALO| 2, &8/ nk—=Vj org A/
ei== e OH X2 O X2 7t4
. e = Entry-ISG = HEV .
Applications | Upsry . oK RE = Micro HEV | = HEV
= Johnson Controls : Ejgsl?a\sf()m = Maxwell (%)
AHH * Exide Technology |, - enn-(5) | " LSMtron (i) | = Sanyo (1)
= GS Yuasa o P S eNee ()
= Axion Power (%)
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PbC_A|& 12

xre HEAAY HE| 4% %L Ils 78 g M|
LY 72 QlIZ! SU (A &5/83/83) HETX
HEV Micro ISG (idle Stop & Go) D Y 14Y (vs GEHX|)
i Cost 11 &
. i AEl + Battery IGS + Regen + Launch Assist i
ey
HEV Full IGS + Regen + EV Drive
IGS + R EV Dri P HE, NiMH
. + Regen + rive + Pure
Plug- ATl + Batt Q| ™
ug-in + Battery + | & EV (&S 72])
Rl
Type 2008 2011 2013 2015 Remarks = PbC M & 7t5 =0F
- Micro & Mild HEV, ESS % UPS
Micro 65 230 330 460 2,560 = PbC A|ZF T1E (G AH
- HEV: 1,500 & ('154)
X} i (57% E+®)
A| & Mild 82 830 1,650 2,100 - ESS: 2059l (204)
=2
Full 620 1,200 1,600 1,610 ! i
- 1) Micro/Mild HEVS| ~50% H S 7t5 Of| Ak
Plug-In 0.2 37 142 300 - PbC EfR Xt O 1,300k =&
2) ESS A|Zk: 200& 2 (20, Pike Research ‘09 2Q)
Total 765 2,310 3,720 4,500 -10% B9 7ts

ClaEas8l|sSd

KT M B DN Do

Micro HEV E|2E0|M PbCI} H=TX| L] &8t ALO| 2

%73%) (carbon 871

Standard Lead-Acid Battery (LAB) Advanced LAB: Conductive Carbon Axion PbC: High Energy (P6N5-E)
Oymam ic HEV Cycling @ 80% $0C, PDRY Sefpoint= 1260V, Chanmel 718 C Dynamic HEV Cycling @ 80% SOC, PORY Sefpeint=12.78 V. Channel 5/6C Dynamic HEV Cycling @ 80% SOC, PDRV Sefpoint = 10.00 V, BT1
20 T I I 200 20 200 20 110
+ Chage Tine i Charge Acceptance Good!
Voltages remain —_ —_ IM =
+ TOC Current 4 |
& o constant 180g g = 100 <
e 1160 E IOEM Target 100-150A 1160 € ] e
= o .- % 45 ey 1IN 15| Stable over 40,000 cycles! | 0 §
405 140 5 2 > lés A
= k- (3] =Y i o
= — 1203 {1205 = 1og B
o = &2 - 70 5
E 10r / 1003 10} *Slower increase in 71100 @ £ 160 w
3 20,000 Cycles 80 ¢ charge time =y 1180 2 S [ frommn lsn £
equivalentto {s0 F 160 F & orocy :
2 years driving ] 5 *Current decrease a little @ - |@pcry - 0 5
40 g less than normal 40 g - I Charge Time Good! I E
c RV . - S—— S 4
i < Q 20\ & 20 G 1 B
n Il i D L L 0 0 20
0 10000 20000 30000 o 10000 20000 30000 0 10000 20000 30000 40000 50000
Cycle Number Cycle Number Cycle Number
= SMAIZE 223 St = A0S SHAIZE SOt 22 MG =24 HE ]
» Hol 24 2245 24 I|IEYEE0OA A0S AR AL * 40k OlerSl 2H8 = ALOIZ2 54

slREAgelaH e
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ol — H = =3 1S — F ASHSX
221} 0|70 M PbCe HEXEEOAM OjE HEF0 A2 JLM= 7| HFWE +=AS.
ANl |FH | o EY | mSH Hg o 5%
" CSIROZRH license 215 2, UB ¥Z dQ| X Y& XpSAH MZAt0l| =35t
Furukawa o Full-HEV * '10-Honda Insight 100,000mile road test 2t&
PbC "HAEHELR YL 600 cell 5} (Y2 EE X¥ '12)
. ~ * Furukawa 8! CSIROS Z £ E| £0| Ultrabattery X|= licenseE 2|5, Ecoultzh= At3|A 27
East Penn FUll-HEV. . \0g1a ALABCO] PbCEZ — Honda Civic (HEV)O &2, 100k mile road test 22
Manufacturing s Smart grid |4 93 % DOFREE| $325M X|9UgHS
i LHE K| " ISGE XtsAHE HETX WY HE MY 2= (=8 X RN &)
Shinkobe ;;;7 * Micro-HEV | =134 5 H Ttof o’ (13 Battery Japan)
Cr=d7h - BOIF 13% 371 URNE 15% 42
« Mild-HEV .
. « Locomotive ='12. 4Q Locomotive &k 475,000 Of= A4, $34.5MQ| 5 DOE H E with Exide ‘09
Axion Power =i PbC® « Hybrid truck =12 232 Hx3™ 7““"2I‘E (carbon Sheet X g 25% 7iM) 250,000 PbC /1A MAL 71
: Sri’]arr't grri‘éc = E-power System (hybrid truck) 0ff 5137t PbC & 22 A9, A7E U5 AHS
Exide PbC® « Automotive | = Axion Power PbC® H|E I 7|22 OEMEAIO 2 LHE Hto} X}A} A|ZHOf| B3
Techol HEFX * Micro-HEV = 230 GraphiteE &7}t '—Féf—x-lxl Elg=d
echology || mild-HEY |- gel2d sizoly TR xA 9 nlaglz A2 F0tE
* '11~'15'4 ISG battery0| 49f 2| £} 4%
Johnson T « Automotive |=20151 SBZA| 2%} 80%7} ISG ZH&H o A
Controls S * Micro-HEV = SiTY('11) AlF ISG battery 80% Al MG 3M/E, & THO{ - ISG system $3000] 4
(http://www.varta-automotive.com/en-gb, technoloqv tech start-stop/)
CSIRO SZ= 2 ARy = PbC X 7|& B8/ Furukawa ! East Penn0j license X2
* Advanced Lead Acid Battery Consortium (2™ X| HAAA|Y) 7|2
LEX X FHANA prul
ALABC HSRTA HaAlE 71 * DOE ME 2 Furukawa 2 East Penno| PbCO| HEV A2 7§ = X8 HAE Tz

ClaEas8l|sSd

L P g ey e Sy

e VR AL He
53 sS4 gy BN ion size0ll Hgst pore size £
gt HI8Z S HIEHN 7 Ug
4 Hof P57 £ (M2 L WA 5)
25+ bead ¥4 M3 P YR X Yy B 1N

TE| Pb grid hole0j| X&tst bead 24 £Q Sl press 378 LAz} &

o
[—= N |

Grid 7% #|q g} 3 Ao B grid B3 W st AR

= NEQ M = additive
%I | VWS ZHY Y 2T/AZt AXE o

AU EEEE N Y AAY Y
M OHIZE
S8 Y TYUE/HAY A2l B
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HNEZE ©HES 224517| et 858 ME0| 3910, HE MEF oo FH5In AF
Li-ion Pre-doping (xC + Li—CxLi) ’ -
‘ Negative electrode : | el / ;
| carbonaceous material for LIB TR Py ot cutonpon ® o y
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