TR F B

Industrial Technology
Research Institute

SBITAHPEATRBRFDTHFD R RIT

2012°12°7

_;],—FA X%z
fa)i F)J‘/Eﬂi z
f;%s i ﬁw P Y
ERA

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



N 353000 A

Industrial Technology
Research Institute

LR R B

B LTEIATERT EFE

R B REhR 2
- o TR hE
’ ,‘;5 &

L

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



530015 A
Industrial Technology
BT TR hAARE-4 T

Research Institute

[ Voltmeter :|

|
Charge State | 4; \

Arnode Anod L
Cathode site: no ehSIte.
" _ charge .
Charging LiCoO, = Li, ,CoO, + XLi* + xe’ Li*+6C+e ——— LIC6

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



i % F

Research Institute

Discharge State

Cathode
Cathode site: Anode site:
. _discharge .
Dsicharging  Li,,CoO, + xLi* + xe- = LiCoO, Li*+6C +e «— LiC6
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Electrode Role Anode(giffy) | Cathode(I—i)
Component Example Example
E eRr?;/regr;ibly stores chemical Graphite LiCoO, or LMO,
2% A& Stabilizes electrode coating PVDF or SBR
(holds it together) (Polyvinylidene fluoride)
BT A Supports electrode material Copper Aluminum
Leads to electronic circuitry
8 3 4o A Improves electrode performance Carbon Black, Graphite
7 % =AU O e Salt:LiPF, + Solvent:

Carbonates
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Polyolefin (PE or PP)

| Wet process | “ Dry process “
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Solvated Lithium ion
A7 A s ) AE 4 Hiy i B 25(C0) #h B (°C) . (cP) PIA T &
BN 0o_ 0 . ,
EC) \gf 39 248 1.86 89.6 88.6
Tl % , 53 ,
0 OYO -49.2 241 2.53 64.4 102.1
0
e - O O
B B = W A5 ~ <
(DMO) \rO( 2 90.3 0.75 2.8 90.1
6P 7, 8 O~
* 2 ~ 7 54 107 0.65 2.9 104.1
(MEC) o
gt | ~9< 0~ . - X
(DEC) #O( 43 126 0.59 3.1 118.1
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Materials in Lithium-ion Batteries
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Anode materials

Anode material Fully lithiated Theoretical Volumetric capacity*
material Specific capacity (mAh/cm?3)
(mAh/g)
Al LiAl 993 1374
Sb Li,Sb 660 1881
Sn Li,,Shs 994 2025
SiO LiSi, >2000 ~200
Si Li:Si, 3579 2200
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Major Anode Materials-Carbon
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Graphene layers

c-axis A
«— Li*
Edge plane

Li¥

T Basal plane
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0.3354 nm
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7 Amorphous phase
_rystalline phase
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Graphite (Crystalline) Carbon

woo | Info about  XRD Li Storage graphene
i crystallinity layer
T -
8 Info about =
H layer stacking IS} @ @ e Li
3

Poor
crystallinity
TNa e,

iV

Irtensity (CPS)

Lithium
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Electrochemical property of carbon
Graphite (Crystalline) Carbon

2.0
1.8
16

1.4
12 Discharge

ChargeﬁDischérge
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08 |
oo\ |
s \ K
0.2 = .
0.0 Chyge‘"“— R —e T
200 400
Capacity / Ah kg~

Potential / V' vs. LilLi"

Amorphous (Hard, Disorder) Carbon

L. Charge/Discharge
S s A.S. carpdn suitable for high rate
N, charge angl discharge

=
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200 40 &N
Capacity (Ahkg)
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LiMn, O, /it i perinase

4.2
- V4 - 1 °I
C IEL - lﬁf[#[ﬁrjﬁj‘iﬁ 4.0 BN Tl
. > — s M)
%F“ " 00 oor iy —_
F1FT = 310~360 mAh/g 220~300 mAh/g PR
- > N
[ E’?Fﬁ Good Excellent g 36 N \
*?ﬁﬁﬁf F_{T Excellent Excellent c_*g 34 N\ \\
4\*}*’?’& Fo F_{T Poor Excellent > 32 \\ \\
| I 7L 00%R T R DR FA 236V
[RALRAIRENES Poor Excellent 30} 2 ApH 100%% & £ Tt BEFL228 N\
rF]ﬁﬁa i Good Excellent e T T T T
d= Good Excellent ° 0 0 o % 10
Discharge Capacity(%)

*Hp

Li* ions dooz >0.345n
O

. I Li* jons—
é E o 0 - /] %¢

dVAle So @

Diffusion control Q \(SFZC ‘ﬁ&ll/\

All rights reserved. No part of this confidential report may be reproduced in any form or by any meangnthout wrltte())ermlssmn fromQRI



N 353000 A

Industrial Technology

Research Institute = . Joe S L » -
ST A HHEAEET Faild el
309 g? %E
% 1 e ® % i
25% %!‘1” il
0 o= | H|
0 20% | & =7 *
9
iE
B 15%
5
5.4
B 10%
®
9% {0 5
~ e | IRNE
o T REE
A
5
0%

20% 40% 60% 80% 100%
TR R RE -CRA( %)

=
o

(¥FF] 9 VE 7 FIIEK(2010/04))

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



TR BT 2B

Industrial Technology
Research Institute

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



TR e s
t Industrial Technology ’}j“} &#B rﬁg 4 fb ? wie T

a Research Institute

All rights res



TR FB

Industrial Technology
Research Institute

Vs
I

BTz x@TH Ui —HTH R

1 A‘D
SEaRERRIL AL I

_*slitte

* R/Pre *VID

EEEIEERERE L +
: * Not.
T
e K .
4 ﬂ 3 52 petpeddddndopd

* ASS’

* Formation / Aging Dry R

O

p Sealk “AIF * Foldi * Lami

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



TR BT 2B

Industrial Technology
Research Institute

s (R H=Vedio

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



N 353000 A

Industrial Technology
Research Institute

Design of Electrode Assembly

Structure of Lithium-ion Battery
Cathode | ead

Cathode cover

Safety vent
Separator
Gasket

| nsul ator

Winding

Cathode
— - Anode

Separator
~

Stacking
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Design of Li-ion Battery

Cylindrical type Prismatic type Laminated type

T
Polymer

ithium lon
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Capacity: 1800 mAh/ 11.4V
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PP B (Wh) =ERTE AL (Ah) x P 5557 [iEs (V)
MEL— PRODUCT DATA SHEET

LITHIUM-ION RECHARGEABLE BATTERY MODEL ICR18650H

1kWh = 173 F‘ju?

BCELL SPECTFICATIONS :
- = - - ; Open-circuit vo ld_q_e _____________ S
Shape / Can material Cylindrical / Steel Max. 18 4y g
Typical Capacity 200mA | LRSS T IR loss
Minimum Capacity 2100mAh ‘ s, % | SRS 2 e
Mominal Capacity 2100mAh o o g (Mcva, + (Nede
uEa ~~~__ Activation polarization
MNonunal Voltage 3V T Operating -~ (Mc)a, + (Mc)e e
Charge Voltage 47 + 005V o voltage Concentration polarization
Charge Current Less than [250mA E’
(Recommendation) _E
Charge Time 3.0hrs S
J0A (=450
Dhscharging corrent (Max.) ’ 80O C : :
404 (£60°C) urrent increasing ———
Discharge Cutoff Voltage 3.0V i
= = 63.13mm

Charge 0°C to 45°C
Temperature  |Discharge -20°C w 60°C

Storage J20°C to 60°C > Energy Density (FJZE’ '3-";@)
Weight (vlax.) 47.1g . .

Y—— YT The volumetric energy storage density of a battery,
Dimensions ~ |(Max) expressed in Watt-hours per liter (Wh/I).

E:E},” ﬂ‘{::"'] i;;;ﬁl > Specific Energy (§-& #%):

. Volumetric 18 Whike The gravimetric energy storage density of a battery,
Ensrzy g
Density expressed in Watt-hours per kilogram (Wh/kg).
|

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



>
B S
s &
hmmnu
Illh.-h
o =
£
—
o =
TEE
S o
— —dS
ﬂe
-

\

1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

| R |
| e L
D 2 MK e ) Y B sy )
R ) O e R e R o L
_. [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] ._

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

R el F R
e N !
[ ] [ ]

1l
“HFFE AL

||||||||||||||||||||||||||||||||||||||||||||

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

I 2 WO R AW I ot B "
uirwﬁ%mﬂnaﬂfaﬂra :H ““..‘M‘l "“En "
I o L IR T "
“ﬁf%%ﬁ%ﬁrﬂ%:ﬁw\ﬁm@rﬁxw e ol R st
el e R RS S Bl e

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



TR FBe

Industrial Technology
Research Institute

BT R A VRO ek B

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



I#E?ﬁm%% 5 \l S| 2 = -2 2:2 N \ Ry
Ve iif™™ @ a3 Anmg s
e - B

i \‘ SRR /
b ._..' .‘- _' in -_’-:ﬁ ::'. L : .
il B P Tref P

o
& Y

T
T < %

il } E W =Pl R
S S

U

- riEan

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.



Po EREERR 2w R L8 FIE S GBI At L B &

Research Institute

PP T 7y 28 2 T et Nissan Qashqai EV cause of fire in 2010’11

2011-04-12

I
g

)
infxpmcom iy 3

http://www.teslamotorsclub.com/showthread.php/4712-Converted-Nissan-EV-cause-of-
fire-onboard-quot-Pearl-of-Scandinavia-quot

in 2008

Toyota Prius PHEV cause of fire
' 11 IHIH

Ford electric vehicle battery fire in 2008

reproduchiti: Ay Vens b By RN HER A B e B heTsh RBR T 4847
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Beyond a certain temperature, Temp raise
polyethylene melt induces closing pores, W —
Open pores closed

and ionic current is cutoff (—>fuse).

104llllllllllllIll—rlrl'lllillllllll

~ — [
§ 1000F < oo (©PPPE/PP__ ...,f.'-'—\j
—~<—Cool rea
§ 100 (b) PE : Cb—
® i
® :
g 0F <«—col (a) PP E ’
Cool @FF | I )
.E N 1
e, ; .
1 '
E . —— Heat —>» s '.:v'-""""’-’
0.1 .......................... l. .l-.l. l P 1 1 l 1.1 l | l 1 4 1 - .
20 40 60 80 100 120 140 160 180~===

Temperature (°C)
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= Li,Z/binder+electrolyt
-ES- i,Zs/binder+electrolyte
o _ £0°C~320°C
D Reaction of eleftrolyte
o with cathode
- | £200°C-400°G
Q Exothermic decomposjtion :
— of electrolyte :
— : 0 _ 0 :
Vibration o H1507C~200°C &
Shock : Q;
Drop @) X/
Overcharge
Short circuit
Overdischarge
b :Anode SEI
>—>El'rigger :decompositio;
Overtemperature]| 100°C~15¢*

v

Time
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# & 7 # @ HEV (hybrid electric vehicle)

A‘ Household

®Ew 4 & w2 PHEV (Plug-in hybrid electric vehicle)
PHEV,, PHEV,,

# g d8 BEV or EV (electric vehicle) I otor i Batte;—&

a
Fuel Tank ¢ ,d

i 7 & @ LEV (light electric vehicle)

Hybrid Vehicle
& Plug-In Hybrid Vehicle

Electric Vehicle i :
e, g FCV(BUS)

=
2 o L =
s e
™ M-‘- Delvery truck
? FCV

Winglet

Oil / Bio-fuel / CNG /
Synthetic fuel .etc

Electricity

Hydrogen
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v Hybrid Vehicle Sales N————
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> - 3
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I 2
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0.5
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1999 2001 2005

Wide use of eco-cars can contrlbute to the envlronment
= Cumulativa sales topped 3 mllllon In February, 3. 43 million in October
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*  Gasoline AT
30 F—» Gasoline CVT
Gasoline MT
e Hybrid ]
4 Diesel
- 250 }—
E A
L
2 w0 ——
N ;--"".—-‘
S
100 |

- ‘ PHEVa0, CS - Battery
PHEV20, CS - Battery Charge Sustaining
Charge Sustaining

Dsoo 1% 1500 1750 2000 nw 2500 27%0
Vehicle Mass (kg)
PHEV, CD - Battery Charge Depleting
BEV - Electric Vehicle 0% Miles Drive nde
FCEV - Fuel Cell Vehicle =gy hd =G -
% s Unve ode
ay from Fetro
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' 20154 2Ef 4P EE EE T 523738 4.5 428 F §3£35000 MW, ANT 63001%
20204 2ERAEEE B E T IGETILE &, 3 ) 4284 F ¥ 3873000 MW, {ANT 17k 10004%
E o5 71 425 b R 3G AR R B E3CHEE i T e K OF 692018

Worldwide EV Market Forecast

9,000 | —~2EH RS
1,000units/CY el A EAGALET A R AE > B A
sid DS ~ mm Other PHEV/BEV e #y + Z R st E 0 BH20100 4 15 4
7,000 —&-—R = \Wiaudi BEV » 20138334 4% 2015 F £ 100%, 45 -
mmm [i55anRenault BEY
e R s LA KB HTR 20096 ALSH K A T
5,000 AL T B FL201548 4 21008 #%PHEV o
I Tcyola PHEV
000 s Other HEV A A& :Nissan Leaf 20124£50% & - 20154
3,000 + — I HEY 300 & -
st s Horvda HEV « Mitsubishi i-MiEV 2012#10~20% 4 » 2015
! s Nissan HEV F60% & -
1,000 —I—I~
mmm Toyota HEV 7 Mgk — T - g
o -——--"I i:__—- A T'i“%’a'
o +1. I Zia —e=LIBHEV T K HF,%‘E‘ﬁ%FT Ej\l% o
e G W c R ¥R R R M R 20155 A S
0bLbOD LRFYEY 5] 4§42 254000 3 & 55008 4 - JLF pioh e B
S e LIBEEY SR ToME 2 KT 35 8 520~25% -

Source: IIT(2010Q2) HEV:

PHEV:BEV=56%:15%:29%
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Audi Q7 Hybrid EEHI Medcedes-Benz S400 BlueHybrid R
VW Concept 7 Series ActiveHybrid B MINT MINIE e
: : E1 i-MiEVG&ﬁ%‘:’E}JﬁI) £ @ﬁl
Concept X6 ActiveHybrid B Vlisubishi [ .
Buick LaCrosse Eco-Hybrid B Canter Eco Hybrid B
Cadillac Escalade Hybrid B Altima Hybrid EAT
Aspen Hybrid Bk ﬁ‘ Nissan Infinity Q35 Hybrid B
Chrysler - — Leaf B
Dodge Durango Hybrid A Opel Corsa Hybrid il
Fod Escape Hybrid B &I Spyder Hybrid L3
or
. . Bl Porsche
Fusion Hybrid IRl Panamera Hybrid (=i
: : — Peugeot 308 Hybride Hdi il
Insight Hybrid EfE Proton Gen - 2 EVE Hybrid )
Honda Civic Hybrid B ;I I Tesla Roadster A
FCX Clarity(F 45 Frgvin) = Camry Hybrid LS
Accent Hybrid M= Previa Hybrid EHAT
Hyundai - . . Tovola
RX 400k EES] Highlander Hybrid EAH
GS 450h B
Lexus
HS 250h B
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I-MIEV (MITSUBISHI innovation Electric Vehicle)
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Nissan LEAF Battery technology
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LEV (light electric vehicle)
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