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Seee Introduction Brief history
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Performance improved & became a highly anticipated product...

Theoretical specific energy: 1350Wh/kg - higher than any other battery

But....insufficient power limits its applications (only use in hearing aids and navi
gation lights etc.)

The Emergence of the
Ist Zinc-Air Battery In
France

[Ag97. 1914 1%60s 1985 1995 2004

, Today

World War [ - railway Dormant, no significant development

and communication

applications .
.._?rﬁm'

Initiatives to restart the research

P
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Seee Introduction =3
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Q 3 kA AR
1000 > A FAANE AR
o » B33z B
é Lithium Cylindrical
2 500 -
= Zinc Air ~ e
i Lithiym Coin Q #3334 A=A
3 Alkaline > AFgol 743 FRG okt F7) ALE
>
4 \ Sitver
(=
u.' -
2 100 0 A7y AR
2 Mercury
> A7}p2] ol FH| g9 F7) AR
Carbon-Zinc » A TR G
50
100 1000 5000
Log Energy Density, Wh/l O3y A58 Hx
Comparison of the energy storage capability of 5 Ol EBYADE = 1,000Wh/l (Zn base)

various primary battery systems.
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e Advantage ¢ Disadvantage
High energy density - Not completely independent of
- Flat discharge voltage environmental conditions (Drying-out
limited shelf life once exposed to air,
- Long sheif life (dry storage) Flooding may limited power output)
No major ecological problems o ,Limited pox#er output
- Relatively low cost . Limited operating temperature range
- Capacity independent of foad and . Hydrogen evolution from anode
temperature when working within - corrosion
normal operating range
- Carbonation of alkali electrolyte
7
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cese Introduction Battery type
ceecee
_1an 2434 |
- ggst gl |

-7z

- 18] 48

P

a3 |

28353

P o e

Faant ul T
| ]
2 74 E 5 94
g &8
» AEe = Had Az
» 3838 ol s SEE UL

= FRAMA™

» AR EL

» AN

RELE T
- S Es #

2N (D]

2

}: i i

2 g |
L

7
KINORI } Sungnam Electronics Co., Ltd. R&D Center

— 161 —




. =3 v
Seses Introduction Basic concept
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oA A AT
Zn+ 1120, + H,0 + 2(OHy — Zn(OH),>. - E°= 162V
| (Shape change)
: ZnO + H,0 + 2(OHy"
> Zn+1/20,=Zn0

djo

0

olo

(##)  Zn+40H =Zn(OH)Z + 2¢
_ Zn(OH),* =ZnO + H,0 + 2(OHy
(23)" 120, +H,0 + 2e = 2(OHy

o2
Ju
re
olo

Zn + H,0 - Zn(OH), +H, (-4)

..)
A w3
& :ZnO + H,0 +2e" — 2(OH) + Zn

tlo of
B[TFe"N
[T

%= ¥H8-: 2(OHy — H,0 + 1/20, + 2¢-
& ZnO=Zn + 1120,

P
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ee Introduction Basic concept

Zinc-Air Battery

Click to see or replay T m
naunan Contact Point /
/ Pasitively

—— Charged
o Ve Electrode
yclecacyls, a water:
sond vine Gxde, s
refeases two electrons that
travel through a circultto . ..

Y powei 5 device—ususlly »
cell phone or hearing aid.

f“ B
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o0 Introduction . Structure
LYY XY
Anode T
n/e op
—Cathade Can
Zin;:+Electrolyte
Gasket ~
Carbon Nét Tefion Film
Cathode Material Anode Material
* MnO, Zine |
. . powder
PTFE suspension . + Poly acrylic acid
« Carbon black / Conducting agent «KOH el X
» Ni mesh . electrolyte
« Non-woven fabric ~ "Separ ator
7N
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IeTey T'}
5800 Technology . Process
°

Zinc plate Zinc plate +

Non-woven fabric
o ——

Air cathode

%

7 e
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cees Technology _ Air cathode
o2 22X ]

* 74 2 J& : Metal mesh (Ni or Cu), I A |

Gas Diffusion Laver

s 74 : Carbon(Graphite) + PTFE .
» 4% 2 AFEA, 371 F2AF, A path 2 F

Catalyst Layer

= 743 : Carbon(Graphite) + PTFE + Catalyst
= 3.
v Carbon(Graphite) : & v} ¥+-§-2] site & &
v Catalyst : O, reduction/evolution & %71
» Pt, PURu, Perovskite

e
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032:: Technology . Zinc anode
S X X 1 ]

-— -

Zinc Powder

* Particle size, Surface area
* Zinc or Zinc Alloy
v Zinc/Zinc-In/Ga/Bi Alloy

Anode Corrosion

* Zn+2H,0 — Zn(OH), + H,
» 2
v Surfactant, PbO 5 2] H 714}
v &= A& Zn Alloy
v Corrosion Inhibitor
Anode Dendrite
Zn (34 ¥) < Zn0 (%A F)

cAA s R e

o
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Zeee Technology Zinc anode refueling
jof -4 X J

Discharged Anode Cassette Electro-winning
Zinc/Air fuel cell Extraction Breaking Process

Refueled Regenerated
Zinc/Air fuel cell  Zinc Anode Cassette Assemble Compression

7
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2333 R&D Trends

Ceoee

Technological developers and manufactures

e AER Energy Resources Inc. (USA) = Cellular phones, laptops

e AROTECH (Israel) = Electrical vehicles, Emergency power, Military
e EVonyx (USA) = Fuel cell mode

e Metallic Power Inc., (USA) = Fuel cell mode

e Alternative Energy Development Co. Ltd. (S. Africa) = Wheel chair,
Electric vehicles

e Powerzinc Electric Ltd. (USA) = Electroscooter, Bycycle
o [ Cell tech (Korea) = Hearing aid

o Meet (Korea) = Emergency power, Military

e Celltech (Korea) = Cellular phones

e Sungnam Electronics Co. Ltd. (Korea) = Cellular phone, Emergency power

Al
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L9000
1.206 0216
I‘_ (33— ' —" |‘— (5.5)
INTERACTIYE
Electrical
Open Circuit Vohage: 14V
Nominal Operating Voltage: 1.2-0.8 V (design using 1.1 V)
Cutoff Volage: 075V
Capacity: 40Ahat 0.25A Q25°C)
Energy: 47 Wha0.23 A (25°C)
Pulse Capability: 20 A for 100 ms
Energy Density: 335 A Wh'Kg
1000 Whet
+
KINORI Sungnam FElectronics Co., Ltd. R&D Center
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Disposable Power Electric vehicle

m Passenger : 40 seat & 37 standing
u Weight : 17,955kg
W Propulsion System : Zn/Air(312kWh)
+ NiCd battery (22kWh)

[Motorola Star FAC series ]
m Capacity: 3300 mAh

B Weight : 79g

® Talk time : 6-16 hr

= standby time : 80-350 hr

Disposable Instant Power Charger

Power Cartridge Universal to all phone and PDA models
= Capacity : 3300 mAh

m Dimensions : 52 x 68 x 13 mm
= Weight : 76g

8 Operating Voltage : 3.6V

f .
KINORI . Sungnam Electronics Co., Ltd. R&D Center
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R&D Trends

Eanyx

EVonyx Insight
Honda Insight
converted to run on
Zinc Air fuel cell.

6V, 20

LA
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tetaltic Power will provide refiable, clean, extended backup power for
computing, commurications, and controls. Based on a unique zinc
fuel cell technology, Metallic Power will assure houss of continuous
operation for mission-critical applications. The system will incorporate
an electnc g ive fuel cell that p DC functionality
similar to a battery or battery-generator combination.

The basic configuration consists of zinc fuel cells, a zinc “fuel tank”
and azinc that i les the fuel once utilty
power is . The process is ¢of ity similar
1o the recharging cycle of a battery. The entire system is housed

in a single, small, compiete package. Zinc fue! can be electrically
recycled, efiminating the need for an ongoing fuel supply required by
other fuet celis or engine generators.

Feature Function Benafit
ZinciAir Technology » Wide temperature (lerance  Saves HVAC costs
* gty X # Usewhere top
o Acoue el gauge andprodict @ Indales acwale predclabie
plort Backup fme:
» Quigt cperationt ® Welcolme near offices, residenties,
» No compressed gasses and
. Recycled Fuel » Zing faedis elechitally tegenerated % No manual refirelng required
o Zin and elecholyle are recyclable » Emvironinentaly inendly, elminsdes
wasie
» Efminates fuel contractsidelvery » Elminates logishes and hassels
® Aporoximately hall the instelied » Easier, lower-cost roof matnting
. High Specific Energy ot o oo e
Flaxibiiity ® Can be placed n paralet w Higher power of longas rurdame:
» indoorfoytdoor capabie & Flexible, fits where needed, saves
space, saves muney

P
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Sese R&D Trends

000

ALTERNATIVE ENERGY |
DEVELOPMENT CORPORATION Ltd.

New anode

ZBxlcmaI s
4 Power %

AEDC zinc-air fuel cell with anodes shown separate. The grey anode is new (new zinc), the white
anode is used (zinc oxide). ’

+ Dimension : 18 x 17,5 x 2,5 cm, Weight : 460g
+ Capacity : 100Ah '

,f;
KINORI = Sungnam Electronics Co., Ltd. R&D Center
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§§:: R&D Trends POWERZINC

Power Source Capacdity| Weight |Range

Zinc Air Fuel Cell 70Ah 11kg | 200 km perrefuel
Lead-acid Battery 17 Ah 12kg 80 km per charge
Lead-acid Battery 12Ah Bkg 30 km per charge

Lead-Acid Battery @?
Total 621bs 820 Wh o
US$203 / 2 batterias 31 miles

onma——— (S0 KT}

NiMH Battery @?,
Total 53 Ibs 960 Wh ©
USS465 / 2 batteries 38 miles

——— B0k} L g o)
131 miles
1x DQFC-24-3200 {361bs), 3270 Wh, US$345 210 km}

KINORI . Sungnam Electronics Co., Ltd. R&D Center
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R&D Trends

POWERZINC

Electric Scooter Market in Mainland China &sz_iiwan

Quantity (1,000)
3888888888

2001

2002

2003

- 2005

|lChIna Bectric Scooter Market @ Talwan Electric Scooter Market

L
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iCeliToch 5UP  iColiTech 10UP ICeliTech 312UP iCeliTach 13UP iCotiTech 675UP

Battery

Type JIS Tape Helght Diameter

inch mm inch

Typleal
Welght  Valtage Capacity
(mAb)

g powd

sur PRSZLC 738

i (e o "
“omes | s34 pans
Ao

o0 asor) 14

1w Fsasl - s

3a5

Toase ., s7a w2

i " -

; base s 780 o307

" om lesorl 1a

t R

B3¢ jomoizl ta

828

5a2x

inmf; 780 0307

i i

o i
;207 © X180 0453

DE6 LOBOT

185 D00 | w4

i:uﬁ

i

”,
-
.
i
o

7O
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2000

Maetalcell Series [Capacity 50Ah])

Expanded Collopsed

Decreasing the storage volume.

Increasing the toughness.
4
< - e o -

,r \ Ty - ,
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0000

5
S
ot
S

v\ ¥/

cainemeo vo 3

[ A2 & 2003.05.16]
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PP402530

® Discharge capacity : 2,400mAh @ 100mA
= Operating Temp. : -20° C to +60° C

m Weight : 9.8 grams per cell

m Self discharge rate : 3%/year (with seal tape)

u Safety : Does not contain mercury, cadmium, lead or other dangerous materials.

7
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0000

15
=~ 1.2 m@i;:::m\
2 i
] o e
-] e
So9t N
° e
2 Y
3 I
06 {te
i\
» LRO3 (AAA size) )
03 F  ,LR6(AAsize) :
»
* Zinc/Air battery M
o X ; \ N
0:00:00 4:48:00 9:36:00 14:24:00 19:12:00 24:00:00

Service Life (HH:MM:SS)

Comparison of Service Life (@ 0.1A)

-
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i
1

1.2
&
599
%0
]
S
> H
206 I 5
o
. c
© 100mA
03 | -I250mA
2 500mMA
o L N i i
0.0 0.5 1.0 15 2.0 2.5

Discharge Capacity (Amp-Hr)

Comparison of discharge capacities in current density

7
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1,000

800

600

400

Energy Density

200

R&D Trends
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920

& Whikg B Wh/I

492

354 361

ICR18650 LRO3 LR6
Type of Batteries

Volumetric/Gravimetric Energy Density Comparison of
KINORI Zn/Air Battery with Other Type of Battery

o
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NG00 /
L J o
3.5
3.0
i{ % 25 }
O 820 }
R i k]
R [
SR 21 ‘ :
! 8 .
\ ! 1.0 }
{"”;Zj « LRO3 (AAA size)
0.5
* Zinc/Air battery
0.0 . " : . : . )

0:00:00 4:48:00 9:36:00 14:24:00 19:12:00 24:00:00 28:48:00 33:36:00
Test time (HH:MM:SS)

LRO3 (AAA size) » 2EA- | Zinc/Air Battery *2EA Advantage of zinc/air battery
Weight (g) 23.8 19.6 ) 82%
Volume (cm3) 7.1 6.0 85%)
Usable time (HH:MM:SS) 16:54:00 34:37:00 208%

~
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- PP402530 X 4Cell - PP402530 X 3Cell

- Operating voltage : 4.8V - Operating voltage : 3.6V

- Nominal capacity : 2,400mAh - Nominal capacity : 2,400mAh

- - With lithium ion battery
K 0
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L0000

A8Y NP NLx=
SN L 4mmO|B,

Laser Pointer
PreseniotionA] A1 O
LT

- P
M e,

N

Flash
B8y SUNE Ho1r
emergency 85221 ¢
L Newwa 7

- o

7

accessory

FO1013] BAL) Compactola }
T B2YU=IMmoged X8

£

e,

A
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Emergency power for mobile phone

s 8% oldFNAAE A3t J1E ARIBA 2
compact &2 Fui 2 AH8317) Ml A A

m FAGA0] FoAAA %t R B RAMN FAL ALE
H 927 e @ANME Aol M & Ui g

TE e izidez 98

* Size : PP402530 * 3cell

= Capacity : 2.4Ah

* Voltage : 3.0~3.6V

= Hybrid lithium ion battery

TETTTYTTTTTTIT T

>
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Summary
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¢ Main conventional applications

- Mobile application : Cellular phones, Laptops

- Traction : Wheel chairs, Electrical vehicles, Cleaning machines
- Stationary : Power blocks, Remote area power supply (RAPS)

- Military : Pilot phase of a variety of confidential application

- Fuel cells : Mechanical recharge mode

Starter : Only possible as hybrid with a high energy storage source like supercapacitor

o Present R&D action
- Cell for high cycle uses
- Solid or fixed electrolyte

- kW power modules with high energy densities

. o
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3% X X ]

» Zinc/Air primary battery
@ Hearing aid § 5] 483 7% 850 glon, £ 3 4 ddo=
AHEE 3 QLS
@ FUEARZAI7) 2 F) AA A R R2AY22 ARGVt 2 7HT,
4 Bvlo] Adez = S
= Rechargeable Zinc/Air battery
@ 23 3Hl 2 FulolgFA L7719 Aoz A2 A=

@ Stationary plant, EV 5] H4& 9% A48 R&D $47F 78,
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Thank you for your .
attentmn R
CONTACT POINT

@ R&D Center, Director, jeongshik Park
E-mail : phkaram@kinori.com

@ R&D Center, Senior Researcher, juyong Kim
E-mail : kimjy@kinori.com
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