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SUMMARY

I. Subject

A development of metal hydride anode material for high performance

secondary battery
I1. Purpose and Significance

Ni/MH hydrogeh batteries employing hydrogen storage alloys as anode have
received much attentions because of their several advantages, e.g., no pollution
problem, higher energy density, over conventional lead-acid and Ni/Cd batteries.
The intensive invest on the Research and Development is strongly required for
commercializing Ni/MH secondary batteries. However, in Korea, the Research and
Development on this field have been retarded because of several reasons, i.e. short
man power, insufficient research fund, etc. In the developed countries including
Japan and U.S.A. Ni/MH secondary battery has been partly commercialized with
their own technologies. Moreover, these developed countries hesitate to transfer
their battery technology to any other country. Therefore it is necessary to develop
the unique battery technologies for insurance of secondary battery market, resulting
in strengthening the competitiveness of our commodities(e.g., portable devices) on

international markets.
III. The contents and scope

Some hypo-stoichiometric Zr-based Laves phase alloys were prepared and
studied from a viewpoint of discharge capacity for electrochemical application. After
careful alloy design of ZrMns-based hydrogen storage alloys through changing their
stoichiometry  while substituting or adding some alloying elements, the

Zr(Mng2VooNigghs alloy reveals relatively good properties with regard to hydrogen

...xi_



storage capacity, hydrogen equilibrium pressure and electrochemical discharge
capacity. In order to improve the discharge capacity and rate—capability, Zr is partially
substituted by Ti. The hydrogen storage performance and electrochemical properties
of Zr1xTix(Mno2VosNios)Ls .(X=0.0, 02, 04, 06) alloys are 'invest‘igated. The
relationship between discharge performance and alloy characteristics such as P-C-T
characteristics and crystallographic parameters is also discussed. All of these alloys
are found to have mainly a Cl4-type Laves phase structure by X-ray diffraction
analysis. As the mole fraction of Ti in the alloy increases, the reversible hydrogen
storage capacity decreases while the equilibrium hydrogen pressure of alloy increases.
Furthermore, the discharge capacity shows a maxima behavior and the rate—éapability
is increased with Ti mole fraction. The discharge capacity of Zri-xTix(Mno2Vo2Nioe)is
(X=0.0, 0.2, 0.3, 0.4, 0.6) alloy electrodes at 30°C reaches a maximum value and the
decreases as Ti fraction increases. In view of electrochemical and thermodynamic
characteristics, the maximal phenomenon of the electrochemical discharge capacity of
the alloy is attributed to a competition between decreasing hydrogen storage capacity
and increasing rate-capability with Ti fraction. However, as the Ti fraction increases,
the discharge capacity decreases drastically with repeated electrochemical cycling. In
order to analyze the above phenomena, the phase distribution, surface composition,
and dissolution amount of alloy constituting elements are examined by S.EM., AE.S.
and LCP. respectively. The decrease of secondary phase amount with increasing Ti
content in the alloy explains that the micro-galvanic corrosion by multiphase
formation 1is little related with the degradation of the alloys. The analysis of surface
composition shows that the rapid degradation of Ti-substituted Zr base alloy electrode
is due to the growth of oxygen penetration layer. After comparing the radii of atoms
and ions in the electrolyte, it is clear that the electrode surface becomes more porous,
and that is the source of growth of oxygen penetration layer while accelerating the
dissolution of alloy constituting elements with increasing Ti content. Consequently, the
rapid degradation (fast growth of the oxygen-penetrated layer) with increasing Ti
substitution in Zr-based alloy is ascribed to the formation of porous surface oxide

through which the oxygen atom and hydroxyl ion with relatively large radius can
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easily transport into the electrode surface. In order to improve the hydrogen storage
capacity and cycle life of alloy electrode, the allov (Zro7Tio3(Mno2Vo2CroisNioss)18) has
a improved discharge capacity(405mAh/g) compared with those df Ti-substituted
Zr-based alloys, which is accomplished by the substituting Cr for Ni of the alloy.
Furthermore, the Cr-substituted Zr-base alloy electrode has a improved cycle life as
expected. Therefore, it is assured that the stoichiometry and Ti fraction should be
optimized to obtain a good cycle life of electrode maintaining high discharge capacity.
On the basis of above results, the hydrogen storage capacity of alloy with optimized
composition (ZroesTioss(MnosVo14CronNioss)ize) is about 1.68wt% under lOatrf} of
equilibrium hydrogen pressure and the discharge capacity of the alloy is about
421mAh/g at a discharge rate of 50mA/g, which shows the highest level in
performance of the Zr-based alloy ever developed.

In order to improve the kinetic properties of the hypo-stoichiometric Zr-based
hydrogen storage alloy electrode, the ball-milling process is applied to the Zr-based
alloy using the Ti-based alloy powder as a surface modifier. While the Zr-based alloy
electrode is not fully activated before 50 cycles, the ball-milled Zr-based alloy
electrode using 5wt% of Ti-based alloy as a surface modifier is fully activated within
only 2cycles. In order to analyze the strikingly improved kinetic characteristics after
ball-milling, the microstructure of ball-milled alloy is examined by T.EM., SEM,
and ED.S. It is observed that there is a surface-alloying region at the contact points
between the two alloy powders from the T.EM. bright-field image. Furthermore, the
local quantitative analysis by E.D.S. clearly reveals that the atomic concentration of
the constituting elements in the surface-alloying region is gradually changed between
the two alloy powders. From the above results, it is suggested that the high Kinetic
energy applied in the ball-milling process causes cold-welding or surface alloying at
the points of impact where Zr-based alloy particles collide with Ti-based alloy
particles by the action of steel balls at high speed. The S.EM. analysis demonstrates
that the particle size is decreased as the ball-milling time increases, which implies an
increase in the surface area of Zr-based allov particles touching Ti-based alloy

particles. Eventually, it can be suggested that Ti-alloy powder serves as a window
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for hydrogen to penetrate into the Zr-based alloy, which leads to easy
absorption/desorption of hydrogen and also to improvement in the kinetic properties of
the Zr-based alloy electrode at iniﬁal cycles.

With the surface-modified hypo-stoichiometric Zr—based alloy by ball- milling
process, we have fabricated 1Ah class Ni/MH cells with higher energy density than
commercialized ABs alloy cell and comparable performances with that of the
commercialized ABs alloy cell. Especially, the proto-type Ni/MH cell with
hypo-stoichiometric Zr-based alloy is fully activated within 1 cycle by applying the
new activation treatment (ball—milling process), Which is found to be successfully
applicable to the full cell system.

In order to evaluate whether it 1is possible to produce the alloy with
characteristics similar to that of we tried to melt the developed alloy by the vacuum
induction melting repeatedly. So we could obtain the thermodynamic and
electrochemical properties of rapidly cooled alloy with nearly over 95 % as that of
arc-melted alloy and very low cost compared to commercialized ABs alloy by
substitution of cheap master alloy, e.g., V-Ni, V-Fe, zircaloy.

Systematic work has been on investigating inner cell pressure characteristics of
sealed type Ni-MH battery in which the Zr based alloys have been used as anode.
We could confirm that the using filamentary Ni with high electrical conductivity and
high surface area compared to carbon black as conductive powder considerably

improved the characteristics of inner cell pressure of Ni/MH battery.
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A3 ETNESY Ug 2 24

3-1. THZAL & 01%79,' a7

3-1-1. Ni/MH 2z} A A (Ni/MH rechargeable battery)

Aoz AAE AZd Ar1Hel GUAE AP BHor LI FI, 2

A4z FEY o2 U9l AA (e Fn wPAAE A Te gy
A A (battery)2} dtch. HMAE A 1A} 2[4 R FREAY 23A A & A
A WEse AF agel A8 vk o 2 By opyet ASFol oA mAFE W
2 =R elE AAEoE AAE AALY oS3} ol§ mEo] =L Aol
2dAAY BHolet & F Utk @4 ALEHE 238AE AEAe SLIStart, Light,
G 2449 A7 AeHE Ni/Cd 2AdAs Qo 1, 2l

2ol vl ] & power densityE Ztil 47l @il (Fig. 3-1) 2

Ignition)& 9%
Ni/Cd AAE= @5

r>~1

Ag W7t A BuEEA 2 Cd 7HEol 4 ol Z/MEHAN E@ AHgsw vlel
A Cdel #AedAos gFsa glvh webd N/Cd BA 9 Cd AT WASuA
= AT 1930

AU
ZutRE FEs FHo st 1 2% CdE FaAREE
(hydrogen storage material &< metal hydride) 22 &g Ni/MH 24 A 7F
A [3-10].

Ni/MH 2z A& 688 5% KO Aol A A Fe T (metal hydride)S &
Z, B-Ni(OH); #EZS ¥Fo2 39 F48G (Fig. 3-2). 28 dFY A4E <

FAANE AAAY Bol F4% £ o] R(OH)OZ EaHol om 44

FA2E FAAFFF] FF(EA)ET FFAME FAbsto] o] Ni(OH): ¢ Z3sH]
NiOOH7} €, WadAloes FFoA Asidel 23 whg3stel NIOOH o2 WshHuA
Fargtol 22 YA SFAAE FL9A7 FFEULR o|Fate M Ao Fits
ol 23 AFstl Yo Yo AAE o] gty HARAM AFHA doh & AAY F

WA MH €52 £4% §5 9 B&E3y] 4% mAdAEs 98& she buk

w
2
)

HU

reaction®] 71x&th AZF FEZAo FAWILog AFNEEo] o|FojRA goH
Ni/Cd AR A VElUE 719§ 3 (memory effect) @ x4 (dendrite) FAdol gl A3

S 7HA 3 gioh



125

5101 | % Li-ion
RE
2 ™7 Ni/MH
@ N \
X Ni/C
8 50- | \
2 TN
Q EERSRURE
kel Pb-Acid
-%’ 25 IEERRITn
= smaller
—_—»
0 T 1 i 1 T 1
0 50 100 150 200 250 300
Volume energy density (Whl)
Fig. 3-1. Performance capability of various battery system
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harai
charging

<

MH electrode

e A N—
— S WY

6M KOH

--) M+H,0+¢ N MH + OH-

+) Ni(OH), + OH <> NiOOH +H,0 +¢

e ?
discharging

Ni(OH),

Ni(OH), electrode

E =-0.82V (vs. SHE)
E = 0.52V (vs. SHE)

overalrx. M+ Ni(OH), <€ MH + NiOOH

E=1.34V

Fig. 3-2 Overall cell reaction of Ni-MH rechargeable battery
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olsh 2 N/MH 24 AA ¢ A weae 4 G- Uehd & o oA W
AAE o 134V ot

discharge

MHx + x 8 -NiOOH M + x B -Ni(OH). 31

olehre Al E ol&ste Ni/MH 23AA A &5, 45 wdS AAs dHuy g+
3

R @A £z ASsE FAAFTFY AF WSS 4 3-2) ok go] xEH

M + xHO + xe <~ MHx + xOH" (3-2)

Nernst’s equations o]l d7)ststzi¢l & nefstd
AG _— 2”1.772- e O (3“3)
Vi . stoichiometric coefficient of species i
I : electrochemical potential of species i
= yu; + RTlnae + ZFE
(3-2) 7} (3-3) <A
&G = pyy v oxpoy- — (py + xpgo — x2FE) = 0 (3-4)
M + %Hz - MH, (3-5)
223 AR 2o egRae
xH,0 = xH" + xOH (3-6)
(3-5) # (3-6) AlA
AG = pmr, —  Mm — %ﬂﬁz = 0 (3-7

_18_



AG = xpp o xpopr — xmoe = 0 (3-8)
(3-4), (3-7), (3-8) A& Aelstd

RT RT

E = F Ina ,+ — oF In py, (3-9)
oWl auy, ay=1 o2t JEStD uy, u#y = 0 olCt,
(3-9) & 25T oMx=
E = -0.0591pH - 0.02956 logPue (3-10)
pH = 14 oA &
E = -0.8274 - 0.02956 log Pu: (3-11)

srd w2l 71golx & dA(Sloping phenomenon)e] doldxlztE MH A==

27 9Ee WA 2 AL Q5 Atk YD I Bge 4 (3122 E4E

Ni(OH); + OH <« NiOOH + H:0 + e (3-12)
or Ni{OH); <> NiOOH + H" + e (3-13)

(3-12) vreoA] WHuee welsld
AG = pyoon t ey — FE — pmom, = 0

o

Ly =0 °3, amoon, aniom, = 1 & 7HAsd

&& (298 K) A
E = 1.36 - 0.0591 pH = 053V  (pH=14) (3-14)

!

(3-11) HelA HYF4odd (P S 171¢elet 7F43E Fig. 3-3 ol A9l poubaix
diagram 9] A<tz A8l WA cell AL F 1.34V ot}
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dutd oz Ni-MH 2xd A0 ALgsE MHAFY #H3dFadde d2eA o 00

1~1719bo| B2 F45A0E oA FRAUL JBHOE Feold o 13V 4%
W

1 dyxg &Fol At (Ni-Cd AA & lead-acid AA19 2F 15 ~ 2uj, 50~
60Wh/Kg, 150 ~200Wh/1) [11]

2) 54 &4 (heavy metaDS Ff-st A Foh

3 A, Fd S22 wEo

4 AL, 1F5H SN = oz Zgo] ot

5 TH, AA Mg v Wz gk

6) date= 54 "t FrAgEE A9 F itk

7) 719 &3} (memory effect)”} gith.

o]¢} 7o) Ni-MH rechargeable battery: 71£9] o|xAAH}t -3 AFE 714
T g7l W A Fdlg AEFA A ol &Hun glon AUAFAL o|AMAR
ME F98 A2 Frigan Job a8y HI Fd& AA7719 2%, 2593 # %
NAEA 1A 5s FAR ndux] I9EE ke A2 o)At A o
H3 9tk wEbA Ni/MH o] 2 A7t th2 o g olad Ao vlste] Y58 7H4 o
Aenlg 137 e e N/MH ol xdx e oux ARLEE oS Fole 2L&F
2ol FdiEx vk wEA Ni/MH 2ad A9 dux] ARFEEE F
ANZ171 A& AF7E AAZGFAA @A 23] AP dom o E dAstr] AT W
Moz wAgFol & AF Adn X AL Az HHIGo] AANHL . 2
#d] Ni(OH); %= o227 ¢l WA &% (theoretical discharge capacity)©] 289mAh/g
o2 AA (CoO, Co(OH)z, Graphite, Ni etc)E& H7FsAY Co, Cd, Zn 59 +3
(coprecipitation)& E3td @A o]&ES U 0W7IA EFoLde FTd o=y

energy densityE £+ A7 olu] Ao} £ Ao Hriew gt [12-16).
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1.5

1 1.229v
oxygen potential
1.0 4 ~
0.5 4
18]
XI 0.403V
m ] .
e 0.000V . :
>> 0.0 hydrogen potential 1.229v
»~
-0.5 4
-0.826V
“10 T T 1 T T 1
0 2 4 6 8 10 12 14

Fig. 3-3 Equilibrium potential vs. pH for hyrogen and oxygen electrode reaction

at 25C
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F71 o

3

7} b

A ol BELE Wb FORE A o}

stdtt, hebAl NyMH 23 @Al oz A

=4
=

o] dAxA et =4

e olgdoz A

ki3

1= .

"

&

]

q}o

o
oo

3

=

el

\a

o

= (Metal hydride)

3-1-2. FAA 45

Fuk-2-(solid state

A
e}

!
L]

A
T%]\

(3-15) =2 yekd

Al
=
40

Bl

j= o)
==y

1

1

reaction)®l

o] 4 (3-15) oA (Q = 6~9 Kcal/mole Hy)

B

TAx

H 3 (chemical heat pump)

1E

[

&}
o}

71A]-1.4 WF&(gas-solid reaction)®] 7

o) el % W] o

b

]

o]

2
T

A (11-16) 1A BQ van't Hoff #A A o= <

(o]
T

A5 A (3-2, 11) <A

(rechargeable) 2]

g

=4
Rl

FozA A

o
151

UEES FOoRM 23749

e A Et

(3-15)

M + x/2Hz <> MHx + Q cal

M . pure metal or intermetallic compound

(3-16)

OH/RT - AS/R

In Puo

: equilibrium hydrogen pressure

Pz

AH : hydride or dehydride formation enthalpy

AS : hydride or dehydride formation entropy

. gas constant

R

. absolute temperature

T
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12
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at constant temp.

Non-MH
MH

e o

onbm

o
I
N

Reversible storage capacity

v
storage capacity

H/M

Fig. 3-4 Typical PCT(Pressure-Composiotion-Temperature) curve
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ol¢t otgel MH H=9 T4 F4-use AR Adox APsioz A g
AFT-wWEYgo] 80|32 charge transfer reaction o) 3t v} z@Ils}
Aok BAEEol FHEUT waatn ArH24-26). 1 9 FAAFHE FrE Mo
4 2a AA FAEA MH d=7e] EXo] 435 #@@T (Table 3-1). °]9 Zo]
TaAGEEY T4 HEEA S Ni/MH A9 A5 dAS BA7 Q7] &
Aol 548 AARAE /M T8 g<olgt & £ gomg AIFL FAs O GA

A
an
AAFTTY 54E S Zo] NUMH AAE A3 Ads 93 A Bjelg & 4

3-1-3. Ni/MH 2z} A A]

o
=
olo
o
Ay
B
b

X

Q{—:
o]
©

x
X

FaAREgF S 2
97 wee] FaAFEFe GNP Fol weete FroUE AL
AdPAelsh Faste] ool wudse Ao deld Uk F 18P AB, 4§ 4
cAZgF AAN F2AYEY FIG AL AYP ALY FF %+
==

A7] (Hole size), I3}t

a7 AT 4 e AYE A2 E octahedron ¥ tetrahedron ©]A %+ V, Nb 3}
22 5 S AYstae dEE tetrahedron 9 Aoz &2 9lew [27-30] HUH
il uet 47t A2B2, AB3, B4 & El9] tetrahedral interstice 7} 9ok 1
2] 1 hexagonal T+Z | A+ face sheared tetrahedron ¥} hole size olwz}A o % A &3}
dvh. =d A7z FREA A2B2, AB3, B4 $1x9] £FH9 v BT 2ov AB
formula unit @ 17719] total intersitce 7} €A gt} (Table 3-2, Fig. 3-5). g Yyt
Hog B4 iAE Fasvrsd dgs] wsrh 4o go® 4 el 1] #HE
T A2B2, AB3 9 AR FoHn UE He og delAd Ao [27-301 wEA

R F47F AT & g A2B2, AB3 site 9o FUF BESFE 2 4

-
o
r{o
B>
o

o
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Table 3-1 Relationship between MH alloy properties and Ni-MH performances



Site Coordinates Neighbours Tetrahedron No. per AB,

faces shared
d¢ 0.0.: ) 312 k) !
c=vk 1B 14¢)
ar {32 A 3(12%;) 1
P 3B 4 n
12k, x2%: A 1(d¢) 3
R ) IB 16 ny)
7 -=H B 2(241).
O 6h, x 2t 2A 2012k 1.5
= v = 2B A6 h;)
[
S 6h; x=bt 2A 2(12%2) 1.5
g _ 28 25 h,)
< 2%, x=4 C2A 340, 1(6 hy) 3
== 2B - 2(241) :
241 X y.: 1A 1(12) k,) 6
i ® 1A 1(12%,)
18 124 1)
1B 124 )
__ 8b 1414 4B 4(32¢) 1
S »n xoxx 1A 1(8b) 4
- Xx=vy 3B 3(%6 g)
2 96g xx: 2A 132¢) 12
O x= 2B 196 g)
=t 2(56 ¢)

Table 3-2 Teteahedral interstices in ABg Friauf-Laves phase with C14 and Cl15

structure
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Fig. 3-5 Schematic drawing of (a) cubic(C15) and (b) hexagonal (C14)
Laves phase structure : (O, A atoms ; @, B atoms. Three types of

tetrahedral interstices are also shown : a, B4; b, AB3; C, AZB2 sites
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v 2dd Aao m7] (hole size effect) ¥ 7144

7} A& Az F4-wEs7]) YsiE hole size 7} 042A o]0l 3 hole 3F

A
o] 7¥ZAo] 24A oliolojopt Itk LA vt [31-32]. ]I unit cell volume®]

2t =271 QA 3= hole size 7F FolAdA] HYP o] Frtste Aoz dHA
on [33] Zr TS 20% AE Ti 948 XFAed Zr Bor Ti o Sl gigh 13

o] A& aHZ YA T2 size effect o] o3 FFAH ] 2000 o] SUtETL K1
gojx| 3 glok [34]. T3 Fig. 3-6 oAb o] ZrBpoll A9l Holdiel B €4E VAS
AaoA VIA £ 928 W3tge] we} cell volume & #adtd FFAHEL F7taHA
Aot webd gubdow Aol ze YAE HUMEA cell volume & FHAsHR

hole size 7} Z4ste] B dHL F7hg.

o} 299 238 (chemical, electronic effect)

g ®Bisle] BAE 4§ Utk FieY HzHo] AL Yot AE}E FE JYGHES
=718 A Bt . 2d 3 $£47F 9T £ 9dE hole FH9 electron concentration ©]
2 @ o $42E F4Y 4 Utk Fig. 3-6 A9 #o] VA Fol|lA

VIIA £o= ®dto] wet &F9 electron density £ F718tn wetd FA2AFEFL

32

AFAA AFE 2AAA AFE FAALHTS dHeE T FRAM "A'E T
AstEo] 2 dawx &8 EFEF 9 T Zr, La, Ce, Er & AAsta "B"e
axztEe] A Bk &2 V, Cr, Mn, Fe, Co, Ni, Cu 59 Helgd& 4 ALSI $& 47
s ZA ABsE, AB.¥, AB¥, AB¥ 183 solid solutiond o2 +FF T U
(Table 3-3). 3y @A Ni/MH 23 #x9 3482 4FHH1 e ABE T4

AAstFe] AL A wALTo]l 250 -290mAh/g £ B TE FE Al uls wuH
DL T A o ABES B¢ wA-8-=ol 330 - 370
mAh/g oo 2 wud =xg HAZ Ax) 28, A} FA vFo B o, oS =

& WA 8 FU0mANg o1 e ZE FAARTRA Y AT Basieh
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Fig. 3-6 (a) Plot of binary alloy stability for transition elements in 4th period; (b)

plot of H capacity (H/M) vs. AB; cell volume and electron concentration
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storage | discharge rate
Alloy capacity capacity | cycle life capabilit
Wt.%) | (mAh/g) pabiiity
LaNis _ very
AB;s type MmNis 13 <330 good good
ZrM“Zs, ve
Z,, ~18 > 380 ooy | medium
AB; type ZrCr, goo ’
(Laves
phase) TiMn,, very :
TiCr, ~1.9 > 380 poor medium
AB type '%lé% ~20 > 350 medium medium
AsB type Mg.Ni ~3.6 5007 poor poor
. VTi
solid iy
S VTiCr, ~38 400 poor poor
solution V,TiNios

A : elements for forming stable hydrides (LaHy, TiH,, ZrH efc.)

B : elements for providing high catalytic activity (Ni, Co, Fe, Mn etc.)

Table 3-3 Hydrogen storage alloys

_31_



weta B ATdqAE 238 ZrAd F2AFEEE AEET) dstd ¢4 dEE
Hypo-stoichiometry (ABg-.)29 HAE Foto &9 TLAZEHE F7HA7I9 £33
F2AT A" FALEL 2777 YaME T2 AAHA FAAFLTL

ZANIE B0z AAS sua dh AF ol WAL ¥FO MH AFoE A

57 AANE theo AA2A Aol ATHEE AA o] Fo Aok Tk,
2AAgFe] 245 f2la)
I atm < PuHe < latm #9lo] @5 ojok v

A3F wed 20 KJ/molH < AH < 40 KJ/molH

web ol FFAAN AGEA, FAHA o] FAo meigolol woh A

fo
r (o3
flo
i
|
=
=
k>
=
Y
4
Ja)
o
i
~
o
e
s
¥
32
rlr
o
H1
(i

Hol| M e charge transfer reaction ©]t}.

a3y, Ko H Kim 52 94 2 de] wrE Q] £4 3 WhEox s34 gs Wil
- B WAt dAdEd 2 rusded (Fig. 3-7), [45], &5 welA
AR ol d MYE B olFolNda AZE w w9 w27 g HAA HIuke9
kinetic 542 A% 4 gith. webd diaz A3uk8-9] kinetic 548 #¢shes dA

= g8 EWHA A9 charge transfer reactionolgt & < Aed ol L charge

Lo
4
b
lo
s

transfer reaction® £A4-& F2 FFHEWl &A= Metallic Niolyt Ni-richdell 93
gadty 2udn o (11 dA7RA ol FFTAHALE T Ni &2 & HolgHk
Age] 42 248 F ok felx dAE 42 7HA AAE
e oy FEFTFAHLREA AojHY ot AFAFAAM dgdd. HE=: & dTelA
stz stE -8 hypo-stoichiometry ZrAl &89 AAE % 8 /MEL O+

it
rlo
-+
B~
Y
o3
ot
il
to
-4
oX,

4 FRAA A 4 FHAALZ AT § 5L A7kl 3o AF Yo VAS
$ Fasth sushE ogg o RARE ¥
9 B FEFAR A ARYEAZL RFAN el 9% §FHart doldgh



Fig. 3-7 Microstructure of LaNis after 1 hydriding cycle
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32,

oo

Fe Istely] oletal dQay olate] el st Faste HsEHo] 2 Ao
T8 &S SUMEtEE AAVE Hojof sv], AAZ, H. Nakano Sl ostdl ZrA &
oA et GENE ZFaAP wE FaAFeFe ZUlsty FagEgdE] i

of Mg w7ty FaAGEF] Frtete v fF¥Egn Rudta Yot [46).

cng gadA A @4 FARES Fadolol Ak AR, FF F4HA%
o]

3-1-4. Kinetic 4 ( Rate capability &4, Activation £4)

ZrA) AB:® TaARRETE FAAGEEF 2 gF] 300 - 380 mAh/go 2 w9
v A E Wl MY cycle lifert -39 AT AFAS2MY AL A=rF ey
984 EX(rate cépability, activation)o] uvf$- o} o] 2t} Rate capabilitys #
18t A A2 power density®t ZAHHAow TP A=A

ol

2
o
k4
I
o
o
2
oL
o
fof
o
to
Lo

o

25 A7) D45HE 2L hS TP S4olo], £ activation SHL A

-

2710 A 1T PASFE dehde JEE Juise A4 P L service
life o WY VAol geme JeAE AL BFHoz HAH ok s 4ol
o WA 27 ABE FAAZEFE A8%e) daAs A0 SN dFd
g S4B YA k. AT FGNH BHS AN WM §E

P

o Fazrdol e Kinetic S0 ozl sesedl, olefed dotd Avtdse +

H + e < Hua < Ha (3-17)

(3-17) Wkgo] vt #e) Mas= A FHo] At oled ¥ A AdFE
FAaAREE A A Lo ol e TSI F AU FujaHy
7t ZdiE ool @t AW ZrAl FFL mdd AP 22U Zr Aggoz sy
FEEHAMY Zejgrt wf g won [35] £=3 Zr Azt AAT FAaF AFS 5
NE TEREA o]FA Qo [36] AAAHA FFEHANMEY catalytic activityZ} 2o}
g2 FsA vlste] (3-17) ¥hgo] =g A dojdrh wEtA ol @ ZrAl FEHFS
AN eS FEATNT] A7 e JHA A7 AlRE g o AFAEE A

f

<
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F7HA R vE e Ho

Z M. Matsuoka < RuOq, CqOE—‘?—i 9 HMAE A3 (371, P. H. L.
Notten $% H. Cunmao 5 charge. transfer reaction®] Zvl&aE zte A 2 3]
AAA kinetic 5A4S FHAAGI Basgict [38-39] 12y o] WHELS {3
g EHES ARsAY HAFY AP A, &iA A 2449 o
o7} o2& ©o] Stk

LS Zr Absbe AAE AZsh] e muAE W Eel AAEY . S, Wakao
o< Zr-V-NiAdl F4x433d5S KOH #¥Azl 3z [40], C. Iwakura S&
Mm-Ni-Mn-Al-Co Al #&5& HsPOs AHaldte] F o] Metallic Ni& FA3ste] rate
capability & FAIH T [41]. =3 JJHan 52 Hot-charging ¥ s Tote EH

-

PlARE crack 43 HEo] st AAE FAlO F e dEd= &438 54 2

1Y} morphology

& AESAY 2EA Tl &7He AA AAE FAEFE Hele HEs7F o
G 7HA I AAH42] weka] o]ep ol A" o2 sHA AW S dAE S5
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Fig. 3-8 Change of activation properties for Zr-Cr-Ni alloy after ball-milling
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Fig. 3-9 Change of discharge capacity of Ti-Mn based alloy electrode after sintering
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Fig. 3-12 PCT curve of several alloys at 30C
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Fig. 3-13 Morphologies of 40wt% Cu-coated Mm(Ni-Co-Al)5 alloy

(a) before activation (b) after activation
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-15 The front of arc melting apparatus

Fig. 3
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Fig. 3-16 (a) Schematic diagram of Sievert's type apparatus
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Fig. 3-16 (b) Automatic Sievert's type apparatus
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. Working Electrode

. Reference Electrode (Hg/HgO)
. Counter Electrode (Pt-wire)

. Capitlary Tube

Copper Rod

Electrolyte (30 Wt% KOH)

. Glass Filter

A = D.C. Power Supply

V = Voltmeter

NOOAWN =

1g. 3-17 Schematic diagram of half cell
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Fig. 3-18 Vibrator type of ball-mill system
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19. The front of vaccum induction melting apparatus

Fig. 3-
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(1) =49 @ =7l A A4 $3aA7]e woz 7B My 9y
(2) Mold casting : $8% FHE 9HE moldol Hol WA 7= 9
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alloy ; Zr-Ti-Mn-V-Ni alloy developed in this work

\

alloy fabrication ; vacuum induction melting
powdering ; mechanical crushing (< 37um)

electrode fabrication —l

« pasted type
; next in detaif full cell test

1 optimization of elctrode fabrication condition
1 ; discharge capacily, rate capabiity etc.

A
inner cell pressure 4.____I

measurement

*« 30°C
* charging amount : 120%
« charge/discharge rate : 0.2C, 0.5C and 1.0C

|

analysis
® phenominological analysis @® clectrochemical analysis
* SEM : surface morpholorgy * EIS : resistance of each
» Penetrometer : reaction surface area electrochemical reactions
porosity

* AES : surface composition
» Mass spectrometer : gas species

Fig. 3-20 Schematic flowchart for measurement of inner cell pressure
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conductor

M

mixing of paste

loading of paste (on foamed Ni)

A : HPMC solution (1.5wt.%) 1t drvi t 40°C
B : 60wt.% PTFE solution -~ Istdrying (a )
C : 503H immersion in 2wt.% PTFE emusion
D : carbon black .
2nd drying (at 40°C)
rolling
cutting
tab welding

test electrode

Fig. 3-21 Schematic flowchart of fabrication process for pasted-type
MH electrode
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spot welding

+ electrode thickness : 0.4 ~ 0.6 mm
* size : 40 x 50 mm

Fig. 3-22 Pasted-type MH electrode
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. pressure 'Y
.transducer

+ cell type : cathode limited cell

* capacity : ~ 800mAh

* n/p ratio : 1.25

« separator : polyprophylene (grafted)

* pressure measurement : pressure transducer
*» dead volume : ~40cc

Fig. 3-23 Sealed-type full cell
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3-2-5. Proto-type 10Ahd Ni/MH 224 A ¢] Az 2 E A2 ¥
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Fig. 3-24 The fabrication process of proto-type 10Ah Ni/MH secondary battery
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Radii of atom

and ion (A) ~0.73

; 9CRC Handbook of Chemistry and Physics, 1995

Table 3-4 The comparison of atomic and ionic radii in the KOH electrolyte

- 108 -



20 T 1 i

—_ c oA T
2 | —e—V ® |
N ©V- - Mn
T SO - Zr
g 15
Q
°
£
Q E 4
)
Q
.
o
s 04—Fz—
o]
g
T
5 ]
(Y
2
[}
8 54—%
Q
Do A
1 ..... A et ]
Ve N v
0 T T 1
0.2 0.4 0.6

Mole fraction of Ti (X)

Fig. 3-52 Change of dissolved amount of alloying elements of ZrixTix(Mno2Vo2Nios)1s

alloy electrodes with Ti fraction

- 109 -



7Tioa(
3(Mno2Vo2Nigs)
618 &
T oﬂ

p

oy

Lo

ol ol A

2 oA
AR wa B

Lol Ni
N EH/‘\*] Cr&

D 7
CZr-Ti-M
n-V-
Cr-Ni A &3¢

o

wrow
Wﬂﬁur_oﬂ
i @ﬁﬁnﬂ.
1_0 o o._o.I_“ﬂAl
Mxﬂﬁﬂm%ﬁoquwq
xouTwD.ATdo 7o Bo xH
wlr _dﬂlu H { 1¢|1r
Mﬂilﬂozxn le n oo
1 _uu s 5 .- T
— T A ~ .Uogljﬁ.,o‘m,l%ﬂlldw
%Vﬂﬂwzwma&@a T g
oo T O % G o © T E T W
Y . T o Bk & O X b noE g AN NFooe
O m.]]dm;.m:ﬁa gﬁd.mog. Taoaq ° °
. * ¢ E L2 m%&ﬁ.%g&%&oﬁa%qv.?
aaa@moﬂauﬂ wm@(ﬂ%é%ﬂﬁ@ Eaaoﬂ
o nruATQumU ;umm .,m.édr fa B wuxrpo m#%ﬂo%
W ;@5%C3aﬂ & = }>7aoﬁyo@ﬂ1.
_zzuw,ﬁmﬂm %gm Mggmﬁ7mquwmdw» el
5 o 8= ogowl T " <
wt _— A+ K o o o W = .w X0 4 S mm = m_.u,m Ho P SCI ol
oiWnM&o& MﬂnmmoﬂaﬁzoAmﬂ&u%ﬂowno,,}aﬂu
&%mmmoM@rm&ﬂo%oaq;mﬂ@ﬁﬂoﬁemjﬂ,t
@t}ﬂé%ﬁ@%fﬂ@w% i%%iﬁwmaﬁmﬂx
widigrzown}%ﬁ;ﬂa%@»&l%% N
.%i?? 1%7 aﬁj.movmw._u Uﬂaﬂmﬂuﬂi%og
5 5 a;urwhgaﬁmem%%ﬂw,wﬁﬁaxo.a
ﬂcmﬂ&g hwugo}w/mmﬂmoaﬁurﬂg,%m‘mm@%
J.lnuﬂwlﬂﬁoﬁa_/‘m_w. 6%0m3~6_v.m:u7\—wrﬂ1ﬂl1m¢h ;omﬂEa
ﬂwqabﬁqﬂmzoqﬂggsmﬂo? : Lo o)
g & Wom X g L o 9 i o 2 = m W ol ) M,_ = iy S
= S T = X = ow o \.m_ w K o ‘W & i ! o wr o hl,_ ojp ()
S = o 5 o oo {F W »XMqAQ
meggquaou.%wamﬂ SMQ mo@ﬂlﬂw@maﬂ
zmmgj;;_m &ﬂ@@»miiqé ]
VO fi5s) .A ﬂvNJ ™ ﬂNO OL 5 0 N ﬂm‘_ _Z-* 3 Mn 70 Od X A .M.O Y — —_— o T
w»;epfém.punoﬂmﬂd_%VtaM%TaﬂTmﬁmﬁﬁ
_l. F _— /l\‘I.I_.I‘ o) \.\_Ll .
ey %X@%qwﬂnrohlwqwgzﬁw
soﬁe < . 4 %i 70 Z¢u7o o ®e w2 i
& 70 o mm_ T T = " *n B 7 B o N T N ~ &
méo_e mLﬂwamolwrkﬁaiweoM,‘w %Q@ﬂé
1 1r.1.AOwQ‘._OLLé N.Ilo_!“_/n .HAIL_/rM&I ,A-’ ~0
ZE.onﬂ‘ATAW w,,n] Wn}.ao Z;uﬁﬂuﬂuﬂhﬂw
B T @%éﬁorjﬂﬂ%ﬁ%%ﬁ?%]?Tﬂ
iﬂy@ ﬁoé?ﬂeﬁono@ii?omo T
Ko T W w o o w .oﬁ_w B A b
T W mﬂﬁoaﬁiar@oa%%wgm
+ g ﬂmﬂfmmowwm@%@
w.ﬁﬂ_%@g%a.ﬂlw
ﬁe,iﬂmﬂ 9;@17;@'
o e ~o°
g xoarA
ﬁﬁaoﬁﬁﬂr.
® T ®
o)

- 110 -



equilibrium hydrogen pressure(atm)

100

é s
30°C ﬁ ]
Zr Ti_ .(Mn_V_CrNi ) Lﬁ ]
0.7 0.3 6.2 027 x  '06-x'18 7 J ]
10— —@—%=0-0 I ]
] 7 E
] —4—X£0.05 . ‘/l ;
] —w—Xx0.15 ZZ/
1 - '/ e
. . §
/ ]
[ )
/ .
®
0.1 - .
: — ]
P, S -
0.01 4— —_ — — :
0.0 0.5 1.0 1.5 2.0

hydrogen concentration(wt%)

Fig. 3-53 PCT curves of Zro7Tioa(Mno2Vo2CrxNigs-x)18 alloys

- 111 -



1.00 -+

T '_7_1 Ty v
30°C
0.95 [
\\ ——-Zro.7Tic.3(Mno.zvo4zcro.1sto.45'1.8
_ - \ - = Zr T (M VoG NI e
S 0.90 '
S N
m T —
T L F\ﬁa'h':‘—k_\_
! TN
2 085 =T
t_ )
s | R
= | \
s N
S 080 )
. [ discharged|at 50mA/g \ \
\
L L)
0.75 i
0.70 L

0 50 100 150 200 250 300 350 400
Discharge capacity(mAh/g)

Fig. 3-54 Discharge curves of Zro7Tios(Mno2Voe2CrxNios-x)18 alloy electrodes

- 112 -



190 jfw
80
:J 'Zr0.7Ti0.3(M n0.2V0.2N i0.5)1.8-
j Zr0.7T!0.3(M n0.2v0.2cr0.15Nl0.45)1.8
60
X ]
% ]
o ] RATE:C/3 (100mA/g)
S 4
|
20
]
0 T T T LI T T T T
0 20 40 60 80 100

Cycle number

Fig. 3-55 Cycle curves of Zro7Tio3(Mno2Vo2CrxNigs-x)1s alloys

- 113 -



JATF. 2 ol A AFFE @ WHEFS F oo FAAA] A8 2

94 5 N Al g EWe] 2bs 3 R4 d4E AT e Crg
Aoz HA 249 ZrorTios(MnozVosCrosNiss)is FaS AAE o Aok o9
o] Cro] Agkd 6dA Faol diste 74w 2 HHAL&HS Fdiststy] At Ti
% stoichiometryE FAlol 2 2 WAAHeE2R M £ 71940 F42AF 8
& 2= ZrosTios(MnosVoiuCronNiowshis 49 HEFdEE AAE + AL
AZELZL 1071l A L7wt%e] B EHE oS =& FAaAEEFE Yehld e
HALH A 50mA/g o HAAFULEAA 421mAh/gEA AF7EA HEH L ZrA
|4 7HE 2 @& YBUAS S ¢4 & AdhFig. 3-56 (a),(b),(c)).

AN

e

—

0%
o
2
Jy
2

AF st A HellMe] 27] 4854E 71£9 hot-charging ¥ $22 32
AR olgh e HEE mLFHPol aTHM oo HE FFoNe] B FHAEEE

2 Q8 /9= &%1 9 unbalance, WHES T2 AA Ao& HAl7IE @A
= 7 . F 71¥E9 hot-charging ¥ 2 SSAARS] 45 FRlelA 4=
B A FAHEE AAde AH HeE F gle 843 WHeEMe AHPEA F.
webA 39A dTolME 438 dAE AHeR
Ae) 2 sty AAY $ie A e
o) H3k(AANHS e AHIF)E HZ2T & de AIAE AAFLA 5

H s
OH
ol
H
’gg
ol
)
2
R
il
o
i
e
i
)

A. Ball-milling process(ZIAA a3 WH)E o] &3 A3 E4/MA

B ATedME E3A4A e HAFAA g4 ges FAC HEAE F
e M2 A48 BYPoRA 4 271843 B4 ¢55ta dadodAe Foa

- 114 -



100_ T T T T Y T T

1 30°C o ]
5 o
5 10 4 | :
| . ® ]
% ] // ]
(7] 4 ® 4
L B
o _ /’/
o)) 1 (‘ -
2 3 y ;
T / :
< / ]
§ T /./
= ®
Sg 0.14 /I%L E
3 3 /'. ,o’ ]
o N _ .o n
14 ] e o® i

i ‘/ J

°-
i /
°
0.01 ———r————— — —
0.0 0.5 1.0 1.5 2.0

hydrogen concentration(wt%)

Fig. 3-56 (a) PCT curves of ZroesTioss(Mno3Vo.14Cro11Nioas)hize alloy

- 115 -



B B s B

0.95 discharged at 50mA/g

30°C

0.90 AN

0.85 —

\

-Potential(vs. Hg/HgO)

0.75

0 100 200 300 400
Discharge capacity(mAh/g)

Fig. 3-56 (b) Discharge curve of Zrog Tioss(MnosVoiCronNios)ize alloy

- 116 -



100

80

60 -

C/C_(%)

40

RATE:C/3 (100mA/g)
20

0 —T T T T L T T

— T v T T T T
0 20 40 60 80 100 120 140 160

Cycle number

Fig. 3-56 (¢) Cycle life curve of ZroesTio3s(Mno3Vo14Cro11Nioss)i7s alloy electrode

- 117 -



H7b 3 71EY Fes AASd dA ALFd ZrA R V1IAH de3
(Ball-milling process)¥ & o183 M2 SFARE /st dafdore 27 &
st 54& Mdsida. & & dT"olA oW sdE AB:E 9 TiosZro2VosMnosNire
T WAL Fo] oF A00mAh/go E WS e HSeEel Ao 9ds JHAn
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of A% leycled] €x8dst He 2 #Asch(o] W FwsiEd dad59 W
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Fig. 3-57 The change of initial activation characteristics for surface modified
Zr-based alloy electrode with Ti alloy powder in the weight ratio 9:1

with variation of ball-milling time
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Fig. 3-58(a) The change of initial activation characteristics for surface modified
Zr-based alloy electrode with Ti alloy powder in the weight ratio

9.5:0.5 with variation of ball-milling time
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Fig. 3-58(b) The change of initial activation characteristics for surface modified
Zr-based alloy electrode with Ti alloy powder in the weight ratio

9.7:0.3 with variation of ball-milling time
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Fig. 3-59(a) Cyclic voltamograms of an as-cast alloy electrode with cycling
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Zr-alloy powder

Fig. 3-60 T.EM bright field image of the cross section of ball-milling alloy

powder magnified by 1.15%10°
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Fig. 3-61, The change of the atomic concentration of constituting elements in

surface alloying region after ball-milling for 3h
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Fig. 6-63 The change of activation behavior of ball-milled Zr-based alloy without

surface modifier(Ti-based alloy) for various ball-milling time
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Fig. 3-64 The activation characteristics of ball-milled alloy electrode after immersion
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Fig. 3-65. The change of initial activation characteristics for surface modified

Zr-based alloy electrode with variation of immersion temp.
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Fig. 3-66 The change of initial activation characteristics of Zr-based alloy with
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Fig. 3-67. The change of morphologies of electrode surface with various charging

current density : (a)10mA/g, (b)50mA/g, (c)100mA/g
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Fig. 3-68 The activation characteristics of proto-type 10Ah Ni-MH battery
employing the ball-milled Zr-based alloy after immersion in KOH

electrolyte at 40C
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Fig. 3-72. XRD patterns of Vogr-xTio1sCrx (X= 0, 0.05, 0.08, 0.12, 0.15) alloys
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Fig. 3-75. SEM images and surface area of various Ni.
(a) Sphere-typed Ni powder (0.0127 m2/g )
(b) Flake-typed Ni powder ( 0.542 m2/g )
(¢c) Filamentary-typed Ni powder (7.18 m2/g)
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Fig. 3-76. The discharge capacity of ball-milled alloys with various Ni powder
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Table.
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Ti 2.0 2.5
3-5. ICP analysis of VogsTio2Croi2 and conventional V-Ti-Ni

electrode in KOH electrolyte with 100 and 30 cycling
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Fig. 3-81. (b) Ni-coated VoeTioz2 Nipiz alloy electrode

- 155 -



T&FES bAE s AA MgA §8& Az A

oje} L A& WALHF FAAqE EFsn, Mg AEr oig- & He
o7l e AA ANEE AEHE 6M KOH 489 oA e g43 Absh
g Q&) cycle life 7} A A He= ddS 7t drh 53], 10 cycle o] F % 7]

WAL F Ao 80%E £AsA Hol A dFor A8 T & Yo, 7IEd Y

Al = H3E 777 ol 22 Mg(OH), Ao g3 Aoz oasta AR
e Hale Aol ABA FAAFTEFN e FEA ad 9% AAA, =
L ABAl FAaAAGFH gol AIFTFH AA Ao g ArE AARA ofF

HA BEsA TEHA we deolv, B £a) F/EA MAR T @
H

IEF MgA dae Axsy] fstd W 2™l dn, 21 §37F F MgeNiol A
7FE = Niol #3} ball milling A7+ W42 #1 ball milling 214 #=S 30

A, MgaNiol A7F=E Nigl 3¢ 2457 dsix s 71Sd 2 A58 vige
2 Z27AL FEF 39 Fig. 3-82014 X wbel o] MgoNi o H7bH & Nigl o)
FTNHETE 27 WAL Fo] FUksidrt A WA g Fe] HAsE AF¥E Holx U
Z, MgNi?}t Niol 92 1119 297 Haue $ASES Jepggled, ojred &+
€ MgsoNiso @ ¥R Fx& Jegula v ojig FAME @ddgd MgNid
70wt% Nig H7}e & ball millingd A3 2o & 4 du. ek, MgNi#t Nig

1 2812 3o, MgsoNisod a8 A zstdoh

- 156 -



Mg,Ni MgNi MgNi,

1000 T T T
900 |- -
S 800 -
<
<
g 700 -
2 600 0/. -
o
©
, % 500 p= . ® -
© N
© 400} . -
o))
g
i 300 \\
XS - -
0
@ o o
100 |- -
0 1 1 2 ] 1 1 N
30 40 50 60 70

Nicontent in (Mg,Ni+Ni) /at%
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Fig. 3-83 Cycle properties of MgNi alloy with various ball milling time
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Fig. 3-85 TEM image & differaction pattern of ball-milled MgNi alloy
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Fig. 3-88 XRD patterns of MgNi alloy at 400 and 440TC
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Fig. 3-92 Cycle properties of MgNi alloys coated with RuO,, Ni and Ti
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Fig. 3-110. Activation characteristics of low—cost Zr-based alloy after hot-immersion
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Fig. 3-112 (b) Comparison of discharge curves of pure element and substituted
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Fig. 3-114 Comparison of cycle behavior of electrodes with various amount of SBR
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Fig. 3-115. Change of impedance spectra with binder amount in electrodes
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Fig. 3-116. Morphologies of (a)carbon black, (b) conventional Ni powder

(c) filamentary Ni powder

- 209 -



.
100 S-t—a—

\Izs\
\Q
80 30°C :
o 60
&
L\JE
O R NG o SW N ol 1 4$0/ \ o | Y {80 FRIVERY
40 CuoOwtie)+Carbon(S0wt(s)

—®— Cu(50wt%)+Carbon(25wt%)+Ni(25wt%)
14— Qu(50wt%)+Ni(50wt%)

20

0.0 0.2 0.4 0.6 0.8 1.0
C-rate
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Fig. 3-119(a). Charge/discharge curve during 3-step charging process after
hot-immersion treatment
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Fig. 3-119(b). Activation behavior of proto-type 10Ah Ni/MH battery after hot-immersion and
slow—charging process
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Fig. 3-120. Comparison of rate—capability of proto—type 10Ah battery adopting
commercialized Mm-based alloy and low-cost Zr-based alloy
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Fig. 3-124 Change of initial activation behavior of proto-type Ni/MH battery with

surface modified Zr-based alloy with aging temp.
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Fig. 3-125 Comparison of energy density of pasted type electrode with

surface-modified Zr-based alloy and commercialized one
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Fig. 3-128. Comparison of inner cell pressure of various electrodes
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Fig. 3-129 Effect of SBR and Ni on the inner cell pressure of electrodes
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Fig. 3-130. Behavior of inner cell pressure of various electrodes during fast charge/discharge
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B2 08 FFY &% 14% 23 AXY AEHHY A9 Mgl wek Ni/MH 23
Mol &S 7hsAd e g8k dig JF5A0 A7 ddgFoleta & F Us
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Fig. 3-133 dc internal cell resistance 42 93] 400mAh = proto-type Ni/MH
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cycleol AABFE Mate] Fo] Yeithe DODel W2t AgEstl s DOD7 Z

Ju

FHEEE PASF Bas WA AFY FAY FF 2o FEeAA dede A8
& & oslth 2 AAReE AL WAEHS 4Tud Fig 314904 2 5 e A
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1.5

- Charging rate: 0.3 C (120%)
- Discharging rate: 0.3C
1.4 - Pulse discharging rate:
—s— 1C
—a— 2C
s 1.3 F —e— 3C
© X
]
c
g 12
O
o i
™
111 ‘\\:\_
| ‘ﬁ\t
1.0
v L [ I 1 I 1 l S l L l A l 1 I '}

0 50 100 150 200 250 300 350 400 450

Discahrge Capacity (mAh)

Fig. 3-145 4% depth of discharge® HXo|4 1-3Ce] pulse discharging rate®

dischargedt w3 <A
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10

Resistance (mohm)
(0)]

- Charging rate: 0.3 C (120%)

- Discharging rate: 0.3C
- Pulse discharging rate: —8— 1C
—A— 2C
—e— 3C
°
o/
/././ .
oo—0—0o—°
"
T
A,_,_—A——A—————A/A/
|
—N
= u | g—u—H
1 I L 1 1 | N ] '
20 40 60 80
D.0.D (%)

Fig. 3-146 <9 depth of discharge® 9 Xl A pulse dischargedt W3

internal cell resistance 3}
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1.5

- Charging rate: 0.3 C (120%)
- Discharging rate: 0.3C
- Pulse discharging rate: 3 C

1.4

—=— 10 th cycle

S 13f —e— 100 th cycle
‘(‘_; | —a— 200 th cycle
5 |
o 121
o
o

11

1.0

R IR RPN RN I RS R B S
0 50 100 150 200 250 300 350 400

Discahrge Capacity (mAh)

Fig. 3-147 Cycle 8o wat o2 depth of discharge® A4 pulse discharge %

u} 2]

—
[} \__“J‘T}‘t\j_
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12

- Charging rate: 0.3 C (120%)
41 | -Discharging rate: 0.3C
- Pulse discharging rate: 3 C
€ 10k —A— 10 th cycle
-g —m— 100 th cycle
£ [ ) —e— 200 th cycle °
9L
3 /
% i o n
- ./ /
— 8 /./
7]
O o—eo
(4 oo 7
7 — -—./
—a
A/
- /A/A/
6 L A—a—A—A—4
1 | ! { 1 | 1 | X | 1 | L | 1 | 1

D.O.D (%)

Fig. 3-148 Cycle9] Zdlo| ulz} of 2] depth of discharge? ¢ A <lA pulse discharge %

WAard o2 BE X3 internal cell resistance W3}
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1.5

Active material : Zr, Ti ,(Mn V Cr Ni ).
i Cathode . Ni(OH),
14 Designed capacity : 400 mAh
n/p ratio : 1.4
- Charging :03C
13bL Discharging : 0.3C
= |
©
= 12+
c
D
-t o
&
11+
1.0 )
i -20°C 0°C 30°C
09 1 i 1 { 1 I 1 | T | 1 | 1 1 1 | 1

0 50 100 150 200 250 300 350 400 450
Discahrge Capacity (mAh)

Fig. 3-149 A43te 204 Azg Aoz 7Y A4 Aepasy

- 257 -



3-3-7 A5 - A7FA9 MHSZA2A AE3E 3 AL 6

% &9

gadv), 383 2 wAGNAY 2ASHES AT F dE ATFNE A vE 5 9

o}, NiMH A8 AF&A ol

k=)
i)
fo
-
i
rir
glo
2
o
>
0.
©,
it
A
N
d
f
>.
=
N
lo

o =2 Rl
UARE B BE Ao AA 2 i) os JTFS wong oo oigh wdhg-9
z40) oAt ¥ 4 A0 wA (HHPA2ANE o HD AL T MHLA
P2 A&FHoz Aag & s AlAE Aabdd](pilot plant)E FH| 83 9low of
#leol Foll 2002. 8. 10Y€ A FEo] Aol Aabdujel Alekg YENAT
[£] Aabau] 9z ok
Zhu] A 2= A AXEH gy 8= H] 1
Salvac(A &2 %) with
Furmnace of Vacuum .
i ] Power supply from | @X &= 150kg/charge
Induction Melting
Inductotherm
Set 2l
? op qEAzyoldgd A A 100kg-powder/h
12} Crusher
i 22+ Crusher | Hosokawa Micron Co.| A%
Powdering |—
machine Sieving K g c 4% 200(1004m) &
owa n Co.
machine cree N 440mesh(30im) Screenning
Packi
aceme CEC RS 4x% | 500g 1,5 10kg @9
machine
P-C-T d=rt2g3a P R = 0.01 ~40atm H2 A
A8 | Cell tester Maccor. Inc A 2} 5 +H5A R
71 E}HH] AAASR Press, stirrer. etc
Al A AL,
71 €} AR E ol
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=
22 pilot plant?] #AE max. 150kg/charge o]y o & tfEA4ta FAdeo dAAS
gys7] Yajr s &3S 300kg/charge oo g2 EdoF & Aot
obefle] o] WALA ARE AFTEwEzo AlokS UelWoun 9W¥Ee Fig. 3—15001] o
B Ak

(%] VIM=9} AL

GG Az d A &% 9 A
- ¢ 1948x2880L
- Mold turn table
Chamber e - Bulk charger

- Back charger
- View port. etc
- 2 x Rotary pump(7,500L/min)

- Booster pump(5,000L/hr)

& w71 A MeE

- Valve(slide, roughing).etc
- Cabinet(220V, 373)

+ Operation pannel

- Geisler tube, etc

Vacuum control

A&zl
system

o

Induction €8 &4 |Inductotherm (¥])| - Power supply

- ZA =R AT
CZ7hY Az

.0 Ad v MNERT A ZzAw
- A AAH] | etc
e} Al A A& - Mold, Crucible, 71E}4& R 3% etc
L i
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AA VIMZO F9A5L ofafe %9 #ad AFo EX chamber® A X sto] AAAA
S #9l%F mold chamber® flangeE 4% Alolzo] #Aabste] Batch typeol A Half

continuous typel & I ol= & A & o|t}.

[&] VIMY A&

T 4%
& 2] VIM 150kg (Batch type)
‘% 50/kg and 150kg/charge (&2 3])
e R 1000T (&F v, vlav]Alop 27hY)
Lo R Eds 150kg/45% oW (583 A7)
Rk 200KW (1000 Hz)
Max. 3= 5x10-3 Torr
R 10-1 ~ 10-2 Torr
R 5 x 10-2 Torr/ 158

© &3

VIME-3ldl A SAR-F7E 2 & gle AeZE d59 FdaA
A, B FF 2 WAEE 58 & 4 Atk o)A oldelx FHaFo &I F
EvaporationE #dte] F7t2 st WEE Stk olF F23¢ AL =/t FF
of WzZtEwe] zdoletn @ 4 ok Aoz T &8l A
A2AAZE 716l g8 FEE doyx RInE dFuy =4S AHEE B¢ &
ol olegol slo] AARE HdA e AL &= Graphite E7HHE AR oF a4, F
249 FHolY AMEdtAR e ErhYe 88 ¥HeAS B dte] HHEE =7HY

FES LEe o)Fo= £8S SuAT]7] 98 ZE(Casting) Bl AT =%
HAL 2 Ao wet FazAd & JFS Fa ol HlE MH AAFEY S 4
AHeg ve T3 HAolt
T2 AMRHE casting o2 O o] 37EA7E Utk
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plateF e F2E AU $UL dHaE FAL FRE=O FReA A& Yo
2ok Ak HAHOR U F2H MH 2719 LE 450 FUF 49nd 3-5%
A% FolE ARE AT 2oy dundee TYFYEES AL 4 49O

FH de 3FAA WAed dugs AlAorst: i Az o]
2 Yzta Aikxteld B84 Ane vlEo] HAedy
Agjol & Ao wormEd FERAZY] g§EF L VIMZo AJAHA

_‘_
o
N,

e
)

=
SEaroll 71 2 S F= g holug 29 of Alo]=o] Mold chamber® A&l &

Aol batch B AMTAL W Asdoz wEgw VIMEe Aungel Iuse

VIMel A 42bslo] £28 MH Ingot® AHEA7E Agsly) wele wuel gy

2 WE7] A% B4V MHAAS SA4 A8 AaReR

o MHZA #2e) ®& 48] /A% By Fuge pusdFgel Hg A9

jehel Belh Baw F9 adolth metd MHAAS 24T3 2

¥4l e R dgRT B Nowlgel % Aad §9€ wa gk oty
[l e (F)gezold Axstels 24719 Aee dehfaid
[E] () gele 221719 Abe

T4 73] ALt

- aA 0 SS-400 & SUS 304
- gl &2 100kg/h
Primary mill 2 - Rotor size : 800mm

F4: 7] + Rotor RPM : max. 800

-z
v
)
e
9
i
2

O
o
L

ko
B>
fru
o
o,
ox
=
N

- Powder size : 80mesh

- N2 purging
- 2 SUS 304

- Screw type feeder

Secondary mill

(Micro pulverizer) % i
- N2 purging

- Rotor speed ' 6900RPM
- <250 mesh, <440mesh Screen

34

- Ultra sonic system

A 7] - 22 &% 100kg/h

- powder distribution : 60% < 440mesh
40% > 440mesh
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3-3-8. & A" MHAA S 54

FE AF7I#H e AKAISTINA AF3 g2 22 2AAS 7=
MHA A [ZrogsTioss(MnosVo14CroniNigas)i1s] S ] 83t d#HE&IE AA AT HA &
xS sty st 20kgd VIM [SdAlE 4 AetdT4]E ol &3t A3 3

P

1B
H
i
P
N

FUALE AHEst] % 480 AA LS AAFdon B F FrE 5 UG
| $i8te] Ao 433 molde AMEEhe] $Fe plate 3

12 VIM gi283 & M2 da8d B4 5rtstr] st P-C-TEA]
o ANG A obA g S ol Eote] AREAT MHFFRT 248 8T AT ¥
BAAE FobA(Fig. 3-151) A% 2 A/bEA 54 5 MH&AS A7lges 54

o

L2

| W G FA7] e EDXEAIS §3 MHAA AE BEHE dAsAY.
EDX #4143l Table 3-6°14 HEupef o] o=
gFootel A&l MHAEo vs) 433

(o]
A=

A=
3%
dAE dAoe Aed How wedr, S @A 2 7,
o

Ji

2

of i3t A MHAAY EAS gHste=d A

¢

A

t}oolo) wEl 23 VIMEs$ 77 949 yield rates 7ot HA 2l ExcessdS A3t
ol & 3& VIM&slel #&% A3 P-C-T 548 ofe} Table 3-7°14 H= whep &
of AHE =AE YUY 5 aFgaet diFgE Atelel 7 dad HAHATL
13.85% N A 559% % =] MHAA 9 EAE 5 &3 MHAFolol A< Ael7F i), ol
of e AxZ A7 Y&l dF fAA Zr& 25%, Nie 3 wt%E ExcessZ #H7}sho]
SalE AAsAL AHe 43 SR FlEo] o] APE S FREFIUY,

= GYALA BEAA HHY AZE Aol FEUL A0l 2A) EFF Zr, V
=N

il

Ao E Zrdk VE AREStd &3 MHO HlastRS o e
(PCT 54; #2AFEA), A788d (Awd8%) 45& vehd A& <4t (Fig
3-152, Fig. 3-153) cleld A2 XY FgAX/AS dadio &3 Zr, VE AHEE 7
S-of wls) °F 90 % 7H~$15/Kg) ZAHAL ol 3¢ 1AdE

of MM E Y AEE Fu5s AAT F AN ojHT FF Ax A AA L
st &3 HA(-$17/Kg)ol Hlste 238 @ 7HAS Rojx glo] tABAHA 9
S 7HA I Aok gEbd e E 2n g% FaAgEE e vE VIS
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E - | —=— Arc-melting
& [ | —e—1.VIM
o | —w—2.VIM
3 I N
2 10 L 3.VIM
® 2 = 4.VIM
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: -
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0
= 1Tk
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Hydrogen concentration(wt%)

Fig. 3-151 Comparison of PCT curves of various VIM melted MH alloy
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i“zo Az | 2ueszd | dFsHEg | dREARA@)- | & EA (at%)-

) SR (at%) (at%) (at%) 24 A 8 5 24 (at%) 283 24 (at9%)
S

Zr 23.55 24.79 21.88 -1.67 (-7.09%) | —-291 (-11.74%)

Ti 12.68 12.46 12.65 -0.03 (-0.24%) +0.19 (+152%)

\" 893 8.80 8.54 -0.39 (-4.37%) -0.26 (-2.95%)

1 .

Mn 19.13 17.83 19.13 0 (0%) +1.3 (+7.29%)

Cr 7.01 6.27 7.39 +0.38 (+5.42%) | +1.12 (+17.86%)

Ni 28.70 29.85 30.41 +1.71 (+5.96%) +0.56 (+1.88%)

TOTAL 100 100 100 0 (-0.32%) 0 (+13.86%)

Table 3-6 12 VIM&3f 5
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3;1 GAzG | agsazg RAE A9 mii(iifaﬁ W%*%;:]ij(at%)f
P4z () oo EREREE)) gz | zzeazg@o
Zr 2355 | 2479 2458 | +1.03 (+4.37%) | -0.21 (-0.85%)
Ti 1268 | 1246 1256|012 (-095%) | 0.1 (-08%)
v 893 850 821 | -0.72 (-8.07%) | -059 (-6.70%)
Mn 1913 | 1783 1829 | -0.84 (-44%) | +0.46 (+257%)
Cr 701 6.27 711 +0.1 (1.429) | +0.84 (+13.39%)
Ni 2870 | 298 2025 | +055 (1.91%) | -06 (~2.02%)
TOTAL 100 100 100 0 (-6.44%) 0 (+5.59%)

Table 3-7 Excess¥< #H7}sted 3% VIM €3] & EDX
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—®—Zr Ti (MnMV Cr_ Ni
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Hydrogen concentration (wt%)

Fig. 3-152 Comparison of PCT curves of MH with pure elements and MH with

zircaloy/V-Ni master alloy
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----- Zircoloy and V-Ni substituted alloy
Pure element substituted alloy

P ]
discharged at 50mA/g

0.95

30°C

0.90 :“.ﬁﬁ
\
0.85 “:T:\\\\
0.80 E;\

-Potential(vs. Hg/HgO)

0.75

0 100 200 300 400
Discharge capacity(mAh/g)

Fig. 3-153 Comparison of discharge curves of MH with pure elements and MH

with zircaloy/V-Ni master alloy
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st7] 18 MHAA EFEGlury)E HENTD. EFES SEAMEFLAZES), 28
A (SBR : Stylene Butadiene Rubber, PTFE : polytetrafluoroethylene, 503-H : T &
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ZAl AHg" MHAAlE A7ASE 93t V, Zr diA @29 A7tAste] 483 A
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———
0.95 discharged at 100mA/g
30°C
o 0.90
o i te. .\
® 0.85
o vin 2\
2 — Arc-melted " \
Q 0.80 :
0.75
0 - 100 200 300 400

Discharge capacity(mAh/g)

Fig. 3-154 Comparison of discharge curves of arc-melted and VIM alloys electrodes
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Fig. 3-155 Comparison of cycle life curves of arc-melted and VIM MH electrodes

- 274 -



AE o] gs] NAZF EHE ALt 325mesh-400mesh(38m< @ < 45m) 2 400mesh
oldt (@< 38m)2l A7]9 BLe Ao AFAzR FEsArh ASAFd BT &F
22 Cu9 carbon black ©} ¥l filamentary Nig2 YAEEZ EF3A sluryE A X3
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Fig. 3-156 The picture of Full cell
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BAY. I olfE AHEE F e wEHY A" A48 A7 dE T ded wiEgY
o] FYEA oY 1 T #ad o Ni/MH AA7t 7} A% diete] & &+ 9l

ftlo
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% 3o
U R 471 ZA4 2 ¥ fale =rhUY abrE B s 3hde Aolr] diiol

olael AT Buadd, MHAAS Adss Ax 89 A Zae AA,
NA AAE 4 AAAES Bustm FAqe 242 9F FTAATES A

WOAE 10047 71€488e A 4 An, A8 §Ed 3 $EAANE, 2% o

’

24 AN ARHE 2ot ANROE 9371425 g5d £ g AAAF AL
Fg o8 Rojnz %
o] feed backste Wbl 2753 Stk wakd RFole ity st ALALE
A%3t7] kel AR A7 Fgwar ol A - 3 FEAT s o 4
S A3 Fgste] Ao AANE Azde) THo| Basitt oA gouy Frd
Ao s Are A%e AR ¢ e Jue vdd £ S Rl
obefo] [E]E FAtel Fujs] AFA do) AL BT vk AF 4F

& 20059 %o Tier 2, Euro V59 T4 93] F¥d 4 glo} dvjaio] A4 Wold

F% glth
(%] o) AY

g4 = 2004 2005 2006 2007 2003
WA 4,000,000 7,000,000 10,000,000 15,000,000 20,000,000
A 6,000,000 6,000,000 8,000,000 10,000,000 15,000,000

Al 10,000,000 13,000,000 18,000,000 25,000,000 35,000,000
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5-3-3. AFd 3 tiEE B AE ALY

7h AbdE g
- AAY AFA (HEV, BV, FCV)o] Sd¢ 5o weg A93 444 Ni/Cd
AAE HA] AT SFE MHAA (W ABED)
- OEM o] MHAA (FEF 2% 44te] ¥7h F3)

L) ALkE A
- A3 ot MHAAS FEx2A4
- Ni/MH 24 H=4 MH&A S @7)3tes 54
- Ni/MH 22+ Ax & MHAAY $£4545 & 54
- Ni/MH 22} x4 MHAAY Ax =724 2 H4 EAS 943 Hagxd
- MHz&A AbFe] digh 214 24
- MH 249 iy 44E A VIM=ze] §afzz
- Slag ¥ Oxide ¥A& WA3t7] H3 VIMEY &7«

- EEE Are 24 528 TS 9% A

5-3-4. MH& A1 9] AF}7g

pr

Ao F AVEFOE AFHE MHAAE AALIRE Fusel AAAF

=

mol ool 44 lEAL By BUS sof @ Roz wvHn) wapy T A
} 5

o

rBL

B3 902 N/MHAA Y 28E 7+ @ & e dolyd #4 Ee AAE &
o] olm waFoz AABAES ARALR FAWTGH doz Hshd Ni/MH
TRE Fotd + la old meh AA7IZA] o 20% HxE AA st MHA
A Ak D wolel APAE FA @ 5 AL Holth [Ele AAS AXAF FRE Y

28
_Orh
i
2

_2

T.n

A A

xﬁ
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B At
[Z] AAY AAANF A5
(9] 99

FE\ Qe 2003 2004 2005 2006 2007
1334 139,650 146,540 154,320 160,650 165,470
Ni/MH 11,790 15,900 15,030 14,110 13,870
Ni/Cd 9,400 8530 7.800 7,200 6,790
2% 2xA A
Li-ion - 28,100 26,450 26,370 24.930 23,200
Li-polymer 4,850 5,600 5,270 4,660 4,330
27 193,790 203,020 208.790 211,550 213,660
EVE #AXA 1,300 2,800 5,200 8,000 9,100
e [HEVE 27 2,600 5,000 10,200 11,700 13,000
N
(AH#-8) |SLI-Pb 111,500 113,100 114,400 118,300 122,200
Eﬁ] 115,400 120,900 129,800 138,000 144,300
7 309,190 323,920 338,590 349,550 357,960

F1 99 =F A4, 00 Edf <4, ‘01 AABC A&

¢

9 HE g AYE WAE AP BE WA A% FRE e Zolth A A4

A gpasts AL ol ol wel WA AAsGe] AA JFL vl
BT B A F AAE MHAAZ ASHE B4 A% N/MH £
A REH AAY AEAEY, HEV, FCV)e]l F8 Agold 4% 48 a9 &

Ni/Cd A AFEEA, 28 14 AA9 23 Az A%, AEAE SLI-Pb AA
N/NHAA 29 A@5el os) 24 448 #og padr 53 453 g9 2va
o AL 20063700 o 6-8uY FET GEHIL HEVZ) BHHHNY o= 7133
$Ho2 N/MHA GO 438 Aew wath old g oz A4l A5HE AAA
Ao AMA Awe) 25%7 QVALRE FHT A BAFY TR 29, 10%7F HEVY
A% 3ol o2t FRE ARY otk ot WEAXS LiA 24 AAe 540 A%

F BYREg AAA 54 $EaHT gl N/MHAAC val w¢ we BAz
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dEE vl $AE Hola gl7] W& olh

Ao FU HAAANG AR AANG R 15% AEE AAITn 7pEE W A
3 TR2 AR Aoz Ra N/MH A9 713 23 &A1 MH &2A9 A
w3 g Btn wdEd. 59 874 o] oid Aol xzte] o3 Jom
AAAGY] 40%014E AASE 121 A 9 A&7 34 e deds xdse 24
Al Ni/Cd B Phracidd A9} Abg-3Fo] £ =W 123 AA 2 Ni/CAAA S} FAE
A voltageE 2ril, Pb-acid® A8 Ab&Ho|A €53 AS5S Mol Ni/MH AXA7}
fete 2 wo g b gl Yo APV oflzt I AAMA 7 & FE
& 7 J& Hojth
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A6 & AFMLAFAM +Eet sfeldt

I

ISl

6-1. AlA Zt=re] w77k~ A A

v e BAWE AFoz givjede] oAHe Aze AEak vz sbs 3l

igle LAX Y trlE AAdstr] s AR EyolFeldE 1990d w77k A
dojge) Q@ow ROHFH AEA) EYL 973 CARBS 77 (Regulation) &
FHESAT. o FA me} 1998dNE M BoiHs Aol 298 FEaHZero
Emission Vehicle, ZEV)Z twfjsiol st z} AFAAELS 2 HE2 20019l 5%,
200397 E 10%2 Eolokwt siglch el 1996d WX 9] A& HAokHn AHEAAL
¢ WErE 19983588 £qo] glolAT tA 20039R 8 wE FEA dejug
2 10%2 72 $4¢ HUn A% FRE AT FIAAA ohd AFHALow
Emission Vehicle, LEV)E= Zgst7l2 stder d dvf dige 7|E W}t 10%Well A
= REaAsh AFHAY w&e dFaaA. oo we LAY GMeld Fords
& 10%%F 4%E AL GuiAE 6%E AFANE Bwh 712 wFojop g} o}
o [ElolE A EYbTA 200308 483 T(A)FaAA vge WEE et

[&] CARBo] F(A)& 3}z Hofr]&

2d dx | HA FH)FHA HE
2003 ~2008 10%
2009~2011 11%
2012~2014 12%
2015~2017 14%

2018~ 16%

AralYd ol A US EPA(US Environmental protection agency)® Tier O 73S £4]3}
o A X Yo} o]g]e] FoME Edx9 Aol YAT CARB #AA v 72 &
E]dsteq izt AR AE etEs o 53] 2E o] F A ¢ (Ozon transport
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region)oll ¥HUE HEHE FUNMALFA=, 78 ZUEZ, 2oolddE FAX), B2
E etc)E2 2006@7hA1= Tier IS HEX7F 20061 F 6= CARB 7322 HEo}
& Ao Holy o wa $F5H 0T AFLE Tier I 749 National LEV program=
hE oz godn) wetA 242 LEV program< 7 A4 =93 B xolF
& AYstas BE F71 2005 FE National LEV programe %3 ZRolt},

ol¢} Zo] LEV programo] EUHE 2z} AFA do]AEL old 483 AFAES
20033 B EYoLE BFZE vld el FFsjof gt o] A F(A)FN A A AP
T 7lot #4402 soly EV, HEV Tt & 79 AFd Ao 443 dugrs

A Zoln. ool mpe} 23 A Al ATTREE A EdiE Zes wddn

ulsrol] Hla] iAo A xYe] B2 FHe AydE =AY AEA

7)1 7k @ o] Alztet #AZ wirbA AE HAS AFY Euro I, 200549 Euro

& st wivIzbe ARAAS Agetan Ao 53] v=e RS bdd <
geS Fretd dYPAFE dsste o §39 $HAAEL A8

2 Fety] wiite AsSEE A FRkgk wizivba A7vie s sk

AHE Fo Ak oo wiEl AF gi7]E Idle stopd S d5EE o € ujr|rt

o gte ZieMEE A% =8g vIgolm gtk olHE JleAd F AA UM

ZHA A3sa AdE Aol 42V ISGntegrated Starter Generator) system?] =)ol

Lo

A
§t Idle stop™ 7F&A] power-assisto]th, ISG A& #d] &3 stop-startP2 & ZE E7
of A =HHAEA oF 10% Axndzt aHE /A g 53] AA AFo oF 80%
7t w71 2L oletd KA E 42VA 2" power-assistol T 75T T
2 M7I7vE AREIRVE 0% 34 F ZloR dddd. of2s B 93 42V ISG
Alzgel B¢ Azt FAY 3oz wds e, orjde 2VAE"e] g3ste A
7189 540 st dsd ¢ de wiEE A" FEe] WEHog EAET

BAYE ztFolor & Aolt o] g AP A E W Ni/MH 2
A A o] gzt A nFHeletn & 4 ok

t}) o} Ao}

YR AT ofAol LAABL ARTEWY oz W& FasA 47
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st Qlth ole wel dEAME 42Ve] ISGAl~¥ HohE 150~300Ve] Full function
HEVE Azste 7%l A dshuim givh 53 Egeht 0 5& #4 CARBY
FAE DEAIA £ AAD o]v] HEVE Aol g om, 2005€47A #
1948 259 10045 Bhstelstn gioh oS go] 42VA~duch HEVE H&
£ A& v1F9 CARBY #FA wet n)ZAZdA 448 $0E ¢ Aoz Buw
o gy @A AAY ABARY AU5E AEGT gt AR AFFAAES QR
Gt AA ARFAES Bgoz AA o 2o FAE A BET £ dE AF
3ogle} o uehrt AANEE AT AEH
2

AAA Aol 0%F FA FFeE HAY AFA

j=]

MEe vz AA71&e AL B AN, S8 AU AFAE AAANE FEY

o] xEglols AAIAZANA dBE JAAES w77 4EE ofEd e AeE BAY
7VE} olAlo} I hF oM E Elolgdo] ExtAFola AA HEQQ FFEH 2& AFA A
(Zero Emission 2-wheelers vehicle mandate)g Z=¢ste] 2883% 71#8 A3 U=

10008k 9] Scooter ¥¥9 AFstE FHstn Ut} 1984 Al=E o]9f Ze AL
20001l AA Hujtise) 2% E HE A2FEHE doksts AS st Ao o w
HE 2FHd A 23 AAANAY] Sddiz AAGAEe U A7 IFH
o A AHEHE Lead-acidd AU Ni/Cd AA 52 A% 4 THEAR o85S 1
lol Ni/MHWY Li-ion ©A19] &A1& $38te] =¥t Qlvy a2y Ho B2 25 H
ol HMAE "Aste] MFEsty] M A AAY A7HA S H s

3:9

6-2. AFE HA

A MHAA S F2 Ab&EokQl Ni/MH 238 A= FoiE, % #H7H, PDAS
3CAF Aol e dlvixl W=7t ol 7 Li-ion, Li-polymerd Aol $HE #Sk2)
Fefolch w3k Ni/Cd HAI9e] Ay H dPHA Eopell e 714 FAHo] opd & A
et oS AR Ak 2y AFAE AE UA HE, JtFee] eHE |
AES LiAY N/Cd AAZF shEabA] £ahe 6~10d ol o8 7HA 71Xl 44
271 98l =89& sigod o ARyt R At 53 LiAlek Ni/lCddAl e &
& FHE FAE 79, ZAE 108 ol F¥E Hela JE N/MHAA S +8ET

tlo
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W HI EE ABR LN FAZ Ve nV2 FRAM £ 2B Q)
Wil 7bg 2 YN Agsm gk olF AANHE EV, HEVY =272E 24 A
2 5 oA BRAEE s9d ARHos FAs H7) W AFAEoRE Aol
B @ 4 Yk HEel Ni/CAAA & CdEaEe FAL fdolut BFAME o o

FHE 5 glol 129 AEE 2394 2 FTYE 20y AAE AAE &
A4 AAE AN Jf7F 9T 4 AFAMEE Ni/CAd A48 A nesAE o

31 THI0L el Ni/MHAA = oz d=EwoA LiAl 22t Ad] HA AT 1 29

M

¢

RE B4 $48n AxZA £ Gcte] Y Yol auw ¥9d A AdE

RAG k. 53] YArBe F2e A5AL GEAA AANZe] 20014 A 11
z9olao2 olE AEie] R(NTHHE A A@o] dojd w Y BE YA
Se LiAl 2477 o]4e] Ni/MH Ax Al#o] ¥4€ Aow wafc sxu LiAl 2
Ao AV} Pk Fol #AYe]l AFe] EFae B ASHT A7) wEe

A9 FrE A= N/MH AR Eope A&l Aol Hupetel & Zojoh.
A s el A ol FoiA e N/MH AA#HA 7jeME2 27k WM A=
dev a2 3 WAe AAE A AFeR MHAAS n8F3E o7l ATy

& 4 gtk F odAE Ax A" e FAR dd 9 A, 2 FAME AEA

i

§ AAEA M F2F A ARAHoR AWRY neFAEE FF, A2AA A

AU ANYAE

-
o
g
2
0%
L
=
2
)
ol
A
2
offt
2
ic)
1t
»
)
2
2
i)
R
%
)

A4 MHaA = Laoly MmE AHS& ABsAlI® Zr 22 Tig F& AMEste
AsHA AEEHI gloyv, AA wHE
o] 280mAh/g ¢tFo2 By wie E& WALHFS e &4 Y A7t 2 7HY
ok 28 WAL FYY GE ERELS A S5t TERS AEHe= AEE A
o2 HAY AFAAIEY 874 AFAE 2 AB; type MH AAE HA &2
2 gsta AbgsEE At 09 FHHE-E A&Eo] A ATAAE dUT 5
5 vl OBCitE #8%0] 400mAh/gel4sl MHAAE 7lwstel A ol A AHg
staz A e A7E Agste A3 ARE do] dd Fu ddiAFA, "=
GM% 3 FErAe doy AFAR, B43, FJ5A F45 FEAHI E2AHES
A A Zale o] &S s4sy) AT AFE FIFolvh BT dE EAHA =
MgAl &Fol Lacldt MmE H7Me 924 MHE ALstd Ni/MH HAo 8833

%
X
fr
£
4c
rir
fin}
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3
e
[ﬁ
=2
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oo
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A,
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=
A4 Sol FFH A I AAE o]FUoH, ¥oqE AL EAS FTIAINE
ATE T WL BT JFES Ve AFAE wWEY 45E Bd =

oA dASA FAee AT7E TP dta Jdoh 2y oY AFe FE 4
BollA o]Fo]A I oy Yo F AFAte] N/MH A7 del A=A =Hd
B} A&sEn giel AAst € Ao wudt A5AL ¢EAA AANEL @
A ok 1029 Axoly, MA Y 25%H =] A#Fo] 42V systeme =UEA HW 2024
Aol 10%A % o] HEVZ| 5L 718 o] AEA4 AAA L 30%4
of =2d Aolt oje} 22 AFAE AAY AFEE LiAl 22dA il Bla o
3 Eob I IFEAV WS F 2B HolA W ofA A HAAGY FAdo] =
o] kol 2002d AAE & 10299 Lead-acid AAAATe] dA5o] = 2o}
Y GA AFT AT B JRAdo] ol FojA L ofzte] WMAA FAt T HEa A
ool o Aol &4zt dirle el g AEA ML A4 EV, HEVE 9
Eol anA HA B BT 7] @i AFAE A AAAEe] @45t

Z Adg Aol

r&
\s
X

o
i
oX,
o3l
ol
oL
]
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6-3. Ni/MH A ##H Alo|E

<(Government>

*

DARPA : http:/Ywww.darpa.mil/

*

Mid Atlantic Regional Consortium for Advanced VehiclestMARCAV)
http: //www.marcav.ctc.com/

CALSTART Information Exchange :  hitp://www.calstart.org/

* Hydrogen Information Center http://www.hyweb.de/
= DOE :  http://www.energy.gov/

*

USABC (United States Advanced Battery Consortium)

http://www.uscar.org/

<QOrganizations>

* Hydrogen Engergy Center :  http://www.h2eco.org/

* California Hydrogen Business Councul http://www.ch2bc.org/

* Hydride Information Center :  http://hydpark.ca.sandia.gov/

* California Fuel Cell Partnership :  http://www.drivingthefuture.org/
* National Hydrogen Association http://www.hydrogenus.com/

* U.S. Fuel Cell Council : http://www.usfcc.com/
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<Companies>

* ElecroChem @  http://wwwchem.kriss.re.kr/electrochem/

* Dais Analytic http://www.dais.net/

* H-Power Corp. :  http://www.hpower.com/

* Proton Engergy @  http.//www.protonenergy.com/

* REB Research and consulting :  http://www.rebresearch.com/

* Stuart Energy | http://www.stuartenergy.com/

* Moltech. Power Systems :  http://www.moltechpower.com/

* Entrek @ Attp://www.yardney.com

* RedCel :  http://www.redcell.com/

* NexCell :  http://www.battery.com.tw/

*+ EEMB Battery : http://www.eemb.com/

* Panasonic :  hAttp//www.panasonic.com/

* ECD Ovonics :  http://www.ovonic.com/

* Battery Technology http://www.batterytech.com/

* Energy Conversion Devices, Inc. : http://www.ovonic.com/

* Matsushita Electric Industrial Co.  :  http://www.matsushita.cojp/
* Toyota Motor Corp. : http://www.toyota.co.uk

* SANYO Energy (USA) Corporation : http://www.sanyo.com/

x Kenny International :  http://www.exim2l.com/
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