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Abstract

Recently Zr-based AB: type hydrogen absorbing alloy has received much attention
as a negative electrode material for the Ni-MH batteries because of its high capacity.
In this study ZrVoiMno7Nnh2 alloy was chosen and the effects of heat treatment and a
partial substitution of the Mo in Mn site on the various electrode properties were
investigated.

The alloys was prepared by arc melting (as-cast sample). Some of them were heat
treated at 1,100 C for 4 hours. After this they were differentiated by the different
cooling rates of slow cooling and quenching. Various electrode characteristics such as
activation process, high rate dischargeability and self discharge characteristic were
investigated with the three types of electrodes. It was found that heat treated alloys
resulted in an increase in plateau flatness of P-C isotherms however both discharge
capacity and high rate capability were decreased. And the partial substitution of Mo
for Mn in ZrVoiMnoNi12 alloy improved the self-discharge characteristic without the
loss of discharge capacity (300mAh/g).

1. & FAAZFF LS F2 ABs(LaNis, MmNis)
g gFoldey HIZoE HY ngFe
Bxog Zr7l AB2AZrVa ZrMng ZrCro)
Laves &4 #8°l AFAg2 F5& ¥x1
At olAF Zrr) 42 AF FFL 43
g AAHE(] gH )] Z7] AF 2 F
FFE Foy FiEo] oy HALF
o] wjg v} ol THE MAET] A
A B site 9429 4%E& Ni, Mn, V, Cr,
Co 59 t& 942 X&3o OddAd &3

e FUE ARV 298, 3
o] 2Ast A7) AEA Aw AA
nUA WEel 23 HAY e Fa7t
FESm Utk UA-F288 28 HAE
g ool Res: VA2 19904 A
§37t ol ¥ 2 F87t vt 37k
s1 itk UA-sa3e ANE 1,

Few, 1§ 29H B4 a8n #5H ¢ e w 1-3) 5 o] 3
A Fo|l YA-7l=F AA o) s 5 izo}‘};;;‘}gg;}aiﬂf}i_iaﬂ;‘33
shu, B8 =g ge FHEAL A 0T 0T ST e

stx) g TEe AT 5 e

| _ = - .
AA7A YA-$288 AR AHSH 2 dAFdMEe Zrv: ¥8& 7122V

_.17_



ST, Yy, YA, YUY, o2

site& Mn, NiZ 2} 3%
ZrVoiMnoNi2 ¥ 85& ©o|83td ¥A43E
4, 1€ ¥$H B4, AVLAEAHdS #e
ASELE Z AL o a1
ZrVoiMnosNii2 &8 % Mng 48 E Moo

B Y
T

2 APl A2 S WE AWEYT,
=3 dHelo] 3 HAIEAHe WIgT =
Abat o),

2. slHYH

=& T 94E H3le Moz &
3 T ol2ITEHIIANA ola £y
HEYE JnEZ XA, otz &3
2 Azxe &F Fo IFEE 1,100 CTolA 4
AlZE &<t 7HE Fol 4 Ay 39 A
g3l gdAHzg FFE AFsY} Loz
as cast AE9] ZrVoiMno7Niy 2,
ZrVoiMnosMoo2Niiz @554 €48 &8
€ 0] g3l oMo =B VA AF3 Yy
I FdEA JIAHez A4 YF F
106~125 m =719 & 100 mge
PVA(polyvinyl alcohol)®} 41¢] foamed Ni
of F3td SFE AFEPgey, YyFog
v Weg%gE AMEIEY. gz, JERF
o2 A3 F£& HF  (Hg/HgO/6M
KOH)E€ AH&3l9 20, 6M KOH €948 A
Az AMEIEd. AFo gAzE 200
mA/gZ 25 ANz FHd}3m 10 ¥ FA
% 50 mA/g2 -05 V vs. Hg/HgO 7+A
WAe AFLE FHLEFo) Jad =29
W 7b=] wrEE A, 43" cell& &
AE&EE FA37] H4s SAdFH Fd 500
mA/gE $A31 A 50 mA/gE B3
H E22 2 mA/g2 HAFIT. oA
T 4 BFE EUE g Ao 93 1
EWHEE ALY 83, HHAFE
25, 250, 500, 1,000, 2,500, 5,000 mA/go &
ASA AN B L FE ZH3Y rate

_ C s
capability & Z A st H HAZEA

electrocatalytic activity®& %olR 7] sA
linear polarization method& o] &3« a$
AREEE FAI}ALT, A7ILGAEHLS
30, 40, 60 TColA LAZFA F
open-circuit FHZ IFUL WX ddu
& %L FA43Y charge retentiong T3}
At

SEME o] &3td &4d3td ¥ 2z &7
Ao dd g #FIAG. 283, 7 F
25 moldte] JAEg FHetd X-H IH
B2 AAJFZE BAF A

SA AET HHIY FINA FAS
half-cell€& ©]&3ldq H7|3&3¢d WP
2 AdY-24 F2I34H4E& FIAY. o] o
BYFAUHE S 9dSH S Nemnst 2l
A&A FaYT”,

E(H) — E(HgO/Hg) =
[E(H)" —E(HgO/Hg) ]+

RT 2 H,0
oF In[ T PeqHz] (2)

=9 WYsagde] LEEHE off
stod TeT 2& van't Hoff 4ol o84
£238 442 TIHYS

4H 48

= 4das 1 _

In Py = 7T —-—L(R 3)
3. d# ¥ nft

Fig. 1& 30ColA as cast Z4eie

ZrVoiMnosNir2, ZrVoiMnesMog2Nii2 53
dA2) g Fol Mz FYAJ

_..18_



FoofdX] HoAH M13(19984 3¥)

3%
S
%0 L
—~ m—r
3 / . \‘\~\‘\
g Z T
£ o - i
= P
g % / / \ e ZA0.1MFD.7NI1.2 a8 coat
4 .
2 ZNO.1W0.7NI1.2
§ 100 / YR * ~d
g YA —s—ZNO.1MAC.7N1.2 B
2 ¥
s % S <o ZVD, 1MAD.5M00.2NI1.2 a8 cast
e
o w; X X , A ; T
1 2 3 . s s 7 8 9
No. of cycles

Fig. 1 Activation profiles of ZrVy1Mng7Niiz2,
heat~treated ZrVoiMng7Nij2 and
ZrVoiMngsMog2Nii 2 electrodes at 30 C

ZrVoiMnosNii2 59 5 - %HAd Kol &9
g HHgFe W¥WIE Jeizn U
As cast AHl2]  ZrVoiMnosNiiz 32 3
slolExtel Hu g o T3l A E
Aol 71 % B olyg £ dHolA
T 320 mAh/g BEE 1 L AL °
F A dx Fd FEXF o
e 843l 3R o|Exte o] FHA|RE
£ %o} 200 mAh/g HEE W31, HDEF
of TEd Fo fFo] A & Fog
2%t RE B F Avh 281, e F
of MY¥xaldt I 4%o|EWd FHu &
Foll| =3 on, &3 280 mAh/g A
TE& YeWAY. ZrVoiMnesNiiz &8 F9

Mn$€ Moo 2 75 ) g3t
ZrVoiMnosMoo2Niiz 8L 6 #o]E Rt
437t olFox A7 M ©dA
Yo, |2 as cast9]
ZrVoiMnosNii2 83 A d®Hlxd 320
mAh/g A=A

oj9} ol I FFELY X7 £FL WO

U F4A Aolgo] g ot AL
Fo] E3hA|o| MM =Ede AL, BF
AzA 3o EH FAHY Ao =
7] FAA FALRY WREEFFE oA
3t7] f&olch & A¥ol AHgE AE ¥F

o & Zro] tF /I Aoy, Zre AL
ot Aggstey FHo XY AESFE FH
Aite Aoz g Yd®. olyd zr A
stolete B AP HFFEB FAHA o]
ol FAF0] e Aoz Bdaddn. EAE
F MY AHY FS AU 1 Rl E
Add AL Ay FAHoA 437 of 8
HA7) dEQA Re 2 A5 ET, Mod H7}
= 84334 HE BoldtA 7] HE =F3F
o2 Frstg oy, 23l 2 wde Z
7t e} olo] dist AU FA FAMF
A

ZuA RolFo] wHEEEHTAE FA3NEE o
A EZ L3 BH AgEo FARA
AN FAHAY, F29 FF HEd 3
g3 URdAMe FE P2 AstEol
e MZE electrocatalytic activityZb &
FHo] FFUFol AP &Fo| FIt3t
A ag®.

g o AH3 AFL Asg Y
EX3 uM3 P FrHR] WA 1
zslojof & Aot B AFoA & o] F
A FEY vAE FAZE 2o A #F
3l o,

Fig. 2& 8437 ¥ A3 SA4AHo] €
g AT dH P¥A4E SEMoz BEF
RNez gFo] vlAZ He AEE F 2o
F31 Jt. ZrVoMnosMoeaNii2 a2 &
7Y FAHEI MR L& AE & F A
on, olAo] B3I AdE FEHL ol
7 HE Hnog B4, Ll gl
ZrVoiMnosNiiz S EFAA & do] o3
a A3z AR AsA A¥gE AL B F
Aot 23y AAAFE UF @A, A
Moz #EAY €0 7t Wol doy
£ a9 AFAE zYIFIAH HA=R
celle] vl 2] o] 93 §AH
o] 7} Wo] HFAHJUEY). WA T3¢
B g AANHEA EHE 2N F

_19_



SHET, 2Y Y, Y7, YUY, Hd2

HAz2HE Fe ol F4F B € Ao
o}
Table 1 Enthapy change for hydride
formation and unit cell volume
of various alloys

A B C D

EESE=p

3509 | 3531 | 352 | 3577
2 3(AY 311 352 135
ZrgE
gy | 384 | 271 | 28 | 338

(k]/ mol Hj)

: as cast ZrVoiMngNi; 2

© MY ZrVoiMngsNii2

349 ZrVoiMnosNi2

: as cast ZrVoi1MnosMoy2Ni) 2

Oowr»

PR
sy i gratl

SRR R TP N

- AR ARSI
PR TRRY RS R 2= 1" W

(b) ZrVoiMnosNii2 slow cooling

(d) ZrVoiMnosMoo2Ni1 2 as cast
Fig. 2 Cross-sectional views of
ZrVo1MngsNii 2, heat-treated
ZrVoiMng7Ni12 and ZrVyi1MnosMop2Ni, 2

alloy electrodes after activation
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Fig. 3 X-ray diffraction pattern of
ZrVoiMnosNir e, heat-treated ZrVoiMngsNii2
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Fig. 4 Variations of discharge capacities

with  discharge currents for all

alloys

2 7iEHASY, A¥F e o9 Autgn
AT o] AL Fig. 20149 ZZALAGA &
F ARl FFY vMFIt FYAN HF
A3tRen o2 A FA} olFd &
A9 €] ¥ BS7 dEQA Aoz
AzZrd o},

Fig. 5 2 &Wd &% d5EHAAN £
oo WYL 9 RYHPFIUZ9
HBAE Yt Q.

WA E A o] +rdd as cast
ZrVoiMnosNiiz &5°] ZEAFITY 1§
FH&o] Edow, A2 FFEY B¢
dol HAEAT FAEA EAFIE9
ZE&YHAEo] as cast FH FFETG v
UTH Moo FEXNEL RFHAFUTAA
FAE oPZIRAY nE&LAAAME A9
HAEE YA A] B} o] AL Mo ¥
EXg3 g9 ¢ BAH uvAsy 1y
o] o] NPAFITI XU FA2FHE
A4 E(33.8 kJ/mol Hp)2 Mog X 3=
%S §59 79(384 k]/mol Hp) Bt} o}
A i File]l o YEIA olFoHA
DELAEAA Y WEI) A Aoz A
zZ+ gt

Fig. 6& A7 YHoz 7% ¢

BET, 2y YT, EY, oz
350 ——ZIV0.1Mr0.7NI1 .2 as camt 100

- 300 A ~e—ZVOAMOTNI2 M8 | f P
o
= | e ZVO.1MAO. 7N 2 B Lo S
§ 250 e ZVD.IMAO.SMOO2Nt 2 ascast] | [T T T T T T oo T T mm e o g
> ! FOBOF - e Peee
§ 20\ 8 [ l
9 g0 \ L"‘\\ Lo S A £ 2i¥0.1Mn0.7NI1 .2 ns cast
§ \ b — N e T ez amm0.7M1.2 MY
§ 100 1\ TS Lo SR S 1s 2v0.1M00.7Mi1 .2 B9
23 - P
5 s "\\\ B B e I S |+ ZV0.1Mn0.5M00..2M11 .2 ea cast

s \.\\\ w

\\\\ T — [} 80 100 180

o " A ot
o 100 200 300 400 500 BB K U(mAn/a)
discharge currert(mA) . . . .
Fig. 5 Relationship between high-rate
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ZrVoi1MnosMoo2Ni; 2 electrodes at 30 C
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Fig. 6 Pressure-Composition-isotherms for
ZrVoiMnosNiy2, heat-treated ZrVoiMno7Nij2
and ZrVpiMnosMog2Niy 2 electrodes at 30 C
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Fig. 7 Temperature dependence of charge
retention of ZrV,iMngsNi 2,
heat-treated ZrVoiMnosNii2 and
ZrVoiMnosMog2Niy 2 electrodes
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