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ABSTRACT

There are two types of metal hydride electrodes as a negative electrode in a Ni-MH battery, AB;
Zr-based Laves phases and ABs LM(La-rich mischmetal)-based alloys. The ABs alloy electrodes have
characteristic properties such as a large discharge capacity per volume, easiness in activation, long cycle
life and a low cost of alloy. However they have a relatively small discharge capacity per weight. The
AB; alloy electrodes have a much higher discharge capacity per weight than ABs alloy electrodes,
however they have some disadvantages of poor activation behavior and cycle life. Therefore, in order
to improve the discharge capacity of the ABs alloy electrode the Zr, Ti and V which are the alloying
elements of the AB, alloys were added to the LaNi;¢Aig4Coo7Mny3 alloy which was chosen as a ABs
alloy with a high capacity. The addition of Zr, Ti and V to LaNisgAic4Coo7Mng3 alloy improved the
activation to be completed in two cycles. The discharge capacities of Zr 0.02, Ti 0.02 and V 0.1 alloys
in LaNi;¢Aio4Coo7MnosMy (M = Zr, Ti, V) were respectively 346, 348 and 366 mAh/g - alloy. The
alloy electrodes, Zr 0.02, Ti 0.05 and V 0.1 in LaNi3sAig4Coo7MngsM, (M = Zr, Ti, V), have shown
good cycle property after 200 cycles. The rate capability of the LaNis¢Aio4Coo7MngsMy (M = Zr, Ti,
V) alloy electrodes were very good until 0.6 C rate and the alloys, Zr 0.02, Ti 0.05 and V 0.1, have
shown the best result as 92 % at 2.4 C rate. The charge retention property of the LaNij¢Aio4Coo7
MngsMy (M = Zr, Ti, V) alloys was not good and the alloys with M content from 0.02 to 0.05 showed
better charge retention properties.

FRIIE200 : Ni-MH Battery(U #5427 X]), Hydrogen storage(T2A337), PCT curve
(FE x4 FT24), Charge retentioin(ZF 1 FHEE), Rate Capability(3L & 54)

TCorresponding author : jchoi@hlu.hanlyo.ac.kr

31



o
-
J
i

T

LM &

Ni-MH 22 HA9 &SAREE FE La,
Mischmetal ¢ ¥ FF942 s ABSAS)
Ti, Zr& F 3922 s ABAPYY $44
Agzo] Atk ABAE B9 PAY A& ol
¥l 2 23300 ~ 350 mAh/g), Aol
svbe 3PS AR AT 843 5271 =
gt 28y AEsE ABAY] 5 B
AB Al Hls] w2250 mAh/g), B3 £5
hwen, Al g $9o] $5% FHE FA 3

gloit Axe mgystole A} 9ok B

=
wan A3E4E 2Edes
A

a
Aue
x
(2

TAME ABA ol WM
Y A3 EAT RolF
131 ABsA &3 FolAe wnd %
LaNizeAlg4CopMngs3/d o 44
to] o] e o AFEALL £
£%o] % 2 ABA F448%
Zr, Ti, V& &% A7tsle o] &

3 34% vE S48 2

%
=
op rfe
oy
o

0

oo ox rlo
o
<o
7

ol o
S
u

o
= o
ol

R i B
S

o =1
1o 19, &Io .
RN
o i

1o
-
B ooz
e

o%
P2
At
o

QL
3
T

32 8=

CHAO| -

W . &

— —

B

O

Fig. 1] (@) 2 (0" LaNissAl«ConMnosMy
M = 7r, Ti; v = 002, 005, 0.1, 02, 03)A &
9 30 TAM 4 FF - BE B ¢3-24
TEFAE Ve o] "N & & IR
of Zr, Ti 9o #H7}go] F7Hgdl weh A&d=
aAREFo| ZAstt B7hEe] 01 ~ 02
olAe] HW 038 FaAGETo] BATS &

F Qe

212 3384
Zr, Tig A7be g2 A5 HHede At
ol F7Hs w371 A
Ha 238 st AlolE §A4L Zr, Ti H7t
Fo| T/HEFE At & F Ak Fig. 2

44

LY
2
(r
o,
ox
o

100

T
' |
Ha) i3 o
10
= a’/ |
5 , j
? :
S '
2 L. I
4 + T
a (5T ']
2 o -
g ey . I | = LaNi, Al Co, Mn,,
g T e LN o e 2,
S o4 —#— LaNi Al, Co, Mn, Zr,,, | |
T —v—LaNi, Al, Co, Mn, Zr,,
—e— LaNi_ Al, Co, Mn, Zr,
I | —4— LaNi Al Co, Mn, Zr
e
0.0 0.2 04 0.6 08 1.0 1.2
H/M
100
10
=
o
o
&
5
2
8 1
a
5 - —m— LaNi, Al, Co, Mn,
8 —e—LaNi Al Co, Mn, T,
2 o1 - Niy Al Coy My Tiyp, | |
T . |4 —v— LaNi Al Gog Mn, i,
—e— LaNi Al Co  Mn, Ti
—e— LaNi_ Al, Co, Mn, Ti |
0.01 I L

0.0 0.2 0.4 0.6 08 1.0 1.2
H/M

Fig. 1 Pressure-Composition-Isotherm of the
LaNi&GAl(MCOOﬂMnO.BMexcess

(@ M = Zr : 002, 0.05, 0.1, 0.2, 0.3 alloys.

(b) M = Ti : 002, 005 0.1, 0.2, 0.3) alloys.

4 L AHUXIES =23 H17E H1&E 2006 32



ABsH +=AMEES2 Zr, Ti

B Ao M= ABsAIY LaNiseAlpsCoprMngs9
Z49 FF& 7|20 3o AP & A
183l Zr, Ti, V& 2% #H7k8te] LaNiss
AlgsCop7MnosMy, M = Zr, Ti, V, y = 002, 0.05,
0.1, 02, 0.3) 3&& AxsHATh

Z A 249 st dagE A st
ofo}a Z(DIAM Vacuum Engeering Co. LTD,
Model : ACM-0D)el Adstz 10 - 3 torr7HA
AFo2 e F ASE dAE] Y3 o2
Mg FAAZ AEAA FEE &It o
o 2] #AAAE =3]7] Y8 AS &3E A

400

Discharge capacity(mAh/g.alloy)

T T
0 50 100 150 200
Number of cycles

400

350 ‘

300 p—

LaNIJ GNOACOO YMHOJ

& LaNi, Al, Co, Mn,, Ti, ,
& LaNi Al Co, Mn Ti

y 073 Tlyos
¥ LaNi, Al Co, Mn, ,Tiy,
& LaNi, Al, Co, Mn,.Ti

07" 03 02
~ - LaNi, Al Co,

Discharge capacity(mAh/g.alloy)

Mn_ Ti

07" 03 'loa

100 150 200
Number of cycles

Fig. 2 Cycle life of the LaNizgAlp4Cop7Mno3sMescess
(a M = Zr : 002, 0.05, 0.1, 0.2, 0.3) alloys.
(b) M = Ti: 0.02 005 0.1, 0.2, 0.3) alloys

Vv E#II e AIIEEE

d

Jn

TE(ingot) & A 719 3 - 43] A&t
Az JREE FHY AsdEg AAG F
AR R BTt dE-2AH T34 &
4, =7 2 AF5AZ Agle 200 ~ 325 mesh
45 ~ 75 m) Atol9] P& BLE A& o
XRD #4J9|&= 325 mesh (45 i}t 2L Y=

222 M3HX ¥ HIAMY
H:SO0:8 AHI & FollA 25 wt.% F48 =5
s Y FFELL T FolA A:A F
015 g4 sk A%A 2 =AAE BrhetA &
16 ton/em’ FHoE ¢Este] 27 10 mme
A (pellet) Feff AF0.2 Az3A

W7k ke A %3 Diskd e A3e] FAE

A% F Ni gridel] €3 73 E A(spot)-&

2 1A%t workingdF o2 AMESIHT

2= FAFPYZ BE WMFAHAITS BZA

ZE AA A st A5 (Hg/HgO) &

sk AsjdozE 6 M KOHFEH-E A
!

ofj
ol
R

lo
ol
3
i
]
o
oo
o
2
2
2

S g3i¥en, 43t Bd Folle AF
galdty S33Ah FAAYE 7o

w2357] $18te] -650 mV(vs. Hg/HgO)l A £
AANZew, & . vbdo] vld weic) 287
2] A ZHrest time)& FJ v} Charge retention 4
YoM 45 mAR 6008 =4 F BEFAAE
Z kA AFAAZEY FY3te AYsE A
B2 AT 74 T ARHHLFE 2SS

T

o
L HT oofk
ol ofN

b4

31 VvaEl &322 §
3.1.1 VT &3 PCTSY

Fig. 3.0 V 27} @59 PCT $4& UEAA

Trans. of the Korean Hydrogen and New Energy Society (2006.3), Vol. 17, No. 1 33



It

U

(=]

%3k LaNizeAlo4CoorMnosVy (v = 0.02,0.05,
0.1, 02, 0.3)A =9 Al +2A4FE3F2 078
A 0917HN 2 Yehton V 0.02 &2 F$-
7} 7% &9tk o] o2t g H o Aalsld
3486 mAh/g - alloyelth. 28\t V 0281 A9
= AU FaATEFS 0782 ZAasioh

ke

3.1.2 VDI g39 HIE4
VE A7 g2 Huwdsel Vv A
o] F7tgtel wet Fak Frkste] V 0.1 FaolA
366 mAh/g - alloyZ 7} A vehva, V @7t
Fol 01014 F7EFE AA At (Fig.
4) V& H7tsk a9 Alolg B4 w3V HUt

o

ol F7hetd| wet Abe] 27 WHETF Fasol
7t ot Zrouh Tiel ®la) dX #A et
Wk 200 Alo]EellA V 002, 005 &5 AF9
g3 Zh7F 300, 297 mAhg =R, 27| B &
100
L5
‘4
. 2
] %
) A
g e
§ 1 - -’7" e ‘(
a /T'/ ¥
o My .l".i J" —=—LaN, A 0o My,
g ° & .5"/ 44( 1"5"‘:/":.40’0%:"“
2w —#E o
+m&ﬂumnmzvuz
+LmllAMQ) 3V3
001 L— . . ISR E——
00 02 04 06 08 10 12

Fig. 3 Pressure-Composition-Isotherm of the LaNisg
Al 4CooMnp3Vexcess (Vexcess: 0.02, 0.05, 0.1, 0.2, 0.3) alloys

34

o

b EAS - BAO - HEY -

x| &

(I

o

=

Fol S5 01 VE B7He 139 B9 290
mAb/gel M3 AHeE o, YHEF
pagol 140,145 %2 S8 ¢ & Ak

Zr, Tie 378 A48k s 2 Ve At
# §2 A% 439 PagHe Hrhol
249l et F7ks o= o4 @il H
28y asta, Aolg BHL V ot 5
NS ASHRAA, 7, Ti A7k} Anr
4 AdEES ¢ 5 Ak

3.1.3 V&I 39 OIMI=EX

Vo] #7tgo] wal V-riche] A2& Aol A
AElovt 7r, Ti B7F AV e g A2e A
Pl 1ol =% Zr, Ti A7} Al dXR
Z3a 22 A FEHo Utk Fig. 59 V A7l
2 Al 249 3 E YEHATE Fig. 6914 A
228 7r, Ti A7tel 4999} o] Larich 42
2 Yelyth

A= LaNiseAly4Coo7Mngs a9l Zr, Ti, V&

2% H74 35 25 ABs type 9 7R3 g
La-rich A 24o] &xjstn, H7tdAe Aot
wel ZF P49 rich/e] AAEES & o &

400
B
= ¥
©
2
£
g W
E
2 2
‘©
©
g
(]
[
2 1
©
=
[*3
g 100
+La\l16A namuM:vui
50 : mxﬂmaamvnz
—E LN A Do MY, , ,
oL . I . 1 . 1 . 1
[ 0 100 180 20
Nurvber of oydes

Flg 4 Cycle life of the LaNi3,6A10,4C00,7MI]0,3Vexcess (Vexcess
1 0.02, 0.05, 0.1, 0.2, 0.3) alloys with different amounts of
Vexcess content

IZed @ HUEXES =28 H7d Wiz 20062 3E



ABsH =AXEEZ2 Zr, Ti & V Mol HE &I HEH

3k o] o] & At HrpeFe] M o
2t Z71E, 1 dele Zr, T 37k A5 38
EE JAoF QQust AUV HUY AS w4l
o 7Yoo uF FXHTE FEFAFAA Al
2402 &A= Larich A& #7]3shitgol
A Fag WA F5sEA AR g &
dol LAY ANZE FHE FYAA AT
A4t 71T AoE yAHI, AATE ¥
g FAEE Ni-rich A2 F4A &z
& 3l FHEEE FAE ALE HAL
Zr-rich, Ti- rich, V-rich 452 &334 9

Nio] 449 A3ste] ZrNi, TiNig, VNiz ¢ FH)
2 ZAEA AF WA A7|3EE Fol2 A
Ao HESAS IAZ AoR AZddrh

3.2 _‘ﬂgurx EAM(Rate Capability)

Fig. 794 2 ()£ LaNi36A10.4C00.7Mn0.3
#F 2 Zn, T1 V% A7be FqEFAF & _?_ &
PAEFE HolE §FAFE AFs 2

H}

[+]
. A E4E A 2o BE %‘%@ﬁ%q A
16 15 04V 13 1mm x1.000 S 0]- 57]— %7}_3}_01] tq—a} —]%ao}:o] 71:}—):‘:
AAFLEAAE Zre A7Me @
=SB ZA$7t Zrg AN ke AT
?f‘f& AL 2 YERT,
AHE 002 Zr&
F oin] 92 %9

=
=
=
o
o
=
lm
oX,

mE
m

[
v
<
—
S
z
ol

H

ﬂrztg
&rzt

O

>N o

17 15 OkV 12.4mm x1 0% SE (M)

ol
)
oo
off
o
f
2
=
o
o2

n:fo o, obo

ol

N

g

_?(_Al

2

5y

X
e
u)
3L
o
£
N
o
=
o
r e &

o
lo
U

dre ZrE H7leHA & o B

& A BEAo] Agstddh Tig A 7vsk
AFEE Zre FME HASES
Bolu} 006 Tig H7Hgt AFA 7}
& WH BA4E B e

WA W= A Hla) ok
o)el

-'lJ

_L
:{o
Pad
el
o ok
B o o

=3

o

18 15 0LV 12 9mm x1 90k SE(M)

_(N
©
Toox i
32 Horpe o o

= 2 oy
M >

Fig. 5 SEM morphologies of the LaNizgAly4Cop7MngsVy
alloys

il

Yehl ot 23y Fig. (
VE WM gEAIEL V
(a) y = 002, (b) y =005 () y =01, FHAZE H)s) 25 18 H4HA
dy=02 ©y=03 BASEA M o=

¥ O O glo o glo ol o

=y
N
X
ok

N

rir

oot &2

Jit
oX
o
o
)

Trans. of the Korean Hydrogen and New Energy Society (2006.3), Vol. 17, No. 1 35



16 15 0t v 13 1mm x5 00k SE(M)

White phase
{(=La-rich phase)

T T T T T
200 400 600 800 1000

(a)

Matrix phase

l LaM,

T T T T T
200 400 600 800 1000

T T T
200 800 1000

(c)

Fig. 6 Microstructure of LaNizgAlp4Cop7~MnosVes alloy
and EDS analysis;

(a) Black(2nd phase) = V-rich phase,

(b) White(2nd phase) = La-rich phase,
(c) Matrix phase.
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