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Abstract — AB,-type alloy, one kind of hydrogen storage alloys used as an anode of Ni-MH batteries, has large
discharge capacity but has remaining problems regarding initial activation, cycle life and self-discharge. This study
investigates the effects of Cr-addition and fluorination after La-addition on Zr,.Ti,,V,.Mn,Ni,, composition AB,-
type alloy. EPMA and SEM surface analysis techniques were used and the crystal structure was characterized by
XRD analysis. In addition, electrodes were fabricated out of the alloys and characterized by constant current
cycling test, electrochemical impedance spectroscopy and potentiodynamic polarization. Cr-addition was found to
be effective to cycle life and self-discharge but ineffective to initial activation due to formation of stable oxide film
on surface. Fluorination after La-addition to the alloys improved initial activation remarkably due to formation of
highly reactive particles on surface.
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Table 1. Composition of prepared alloys

Name Cr La Composition

content (wt%) content (wt%)
COLO 0 0
CiLo 1 0 Zr7Tio3Vo..Mng,4Crog,Ni;
C1L3 3 Zro7Tip 3V, Mng4Crog4Ni; 2Lag s
C3L0 3 0 Zro;Tiy3V04Mng4Cro 11Ny
C3L5 5 Z197Tio3VpMng 4Cro 11 Ni; ;L agor
C5L0 5 0 Zro7Tig3VoaMng «Cro 1oNi;
C5L7 7 Zro7Tip3Vo.Mng4Cro 1sNi; L0 10
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A ASef 27] 4317} IA FEHEA

2AAFEL of2T £97|9A o}3 325 AME-3le] £3)
SR, AxE FFL T4E FAMENA T £LE 24
¥ 200 mesh o|3}2 AAste] AT Azl AHESIATH EE F
Z9 g9 FUE Akt & o & (methanol : Nitric acid(10%):
HF(5%)=85:15:5) & 83} Az|sle] 4] A|H S Eu]3ioen,
SEM(Hitachi, S-4100), EPMA(Jeol, JXA-8600)2 o] &3] 33
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Fig. 1. Scanning Electron Micrograph of etched surface of Cr free COLJ alloy (a), (b). Cr 1 wt% added CS5L0 alloy (c), (d). Cr 3 wt% added
C3L0 alloy (e), (f). Cr 5 wt% added C5L0 alloy (g), (h).
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Table 2. EDX composition analysis (atomic %) 400
Zr Ti \' Mn Cr Ni :
copo  MAx (A) 2619 944 1538 1266 0 3633 5 00
2nd phase (B) 26.57 16.14 3.84 482 0 4864 5
cip  MATX (A) 2332 803 1710 1603 239 3313 g 300r
2nd phase (B) 22.06 2148 270 401 0.16 49.58 = iy
caLo A (A) 2306 820 1470 1457 5.14 3433 g PO
2nd phase (B) 18.02 2160 3.60 505 092 5081 §
cspp MK (A) 2350 736 1546 1570 7.63 3005 9 CoLO
2nd phase (B) 18.52 2212 4.02 554 112 48.69 s — CALO
£ 150 F I -
S - |——caLo
0 .l .. . |—=—C5L0
- . ——(1)COLO :
*C14 Laves : : : : :
(2)C1L0 ol i o4
- o —(3)C3L0 0 20 40 60 80 100 120
. ——(4)C5L0 Number of cycles

Intencity(cps)

(1)

20 40 60 80
2Theta(deg.)

Fig. 2. X-ray diffraction patterns of prepared alloys with varia-
tion of Cr content.
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Fig. 3. Initial activation characteristics of fabricated electrodes
with variation of Cr content.
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Fig. 4. Cycling performance of fabricated electrodes with varia-
tion of Cr content.
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Fig. 5. Potentiodynamic polarization behavior of prepared alloys
with variation of Cr content.

Table 3. Comparison of corrosion potential (E,.), current (I.)
of three alloys and capacity loss, V-dissolution of tested cells

Eor (V vs. L., Capacity loss (%) V-dissolution (mg/L)
Hg/HgO) (nA/cm®) after 130 cycle after 130cycle
COLO  -0.783 247 28.6 326
C3L0  -0.729 17.8 18.7 267
C5L0  -0.754 9.13 7.12 199
c,-C

4.~ Cq,
— e X 100%)

Rsp: 71804 -& (Self Discharge Rate)

Co: M3 2 o] o] WHLF

C,: 1579 3|2 o] o] Whd &

e Busd 93 MH AFozry gaso] Yot V,
Zr, Ti 59 &34 Ar8Eo)] 23t redox shuttle mechanismeol] €]
&) A 7id o] Frksttta dEA ik 2B BRE, CristEoel
EAGTE Vi 4] 887t £o]E<] shuttle reaction

Rgp =
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Fig. 6. Self discharge rate of fabricated electrodes with variation
of Cr content for 7 days at 30°C.

o A FFA AT FolE ArPAEe] Fagrhn
A7 F glont ool daiit o Be A77h Basitn 4
Z1git}.

34. La &7} 4 E3|xz| a1} :

HellA A2 vkel Zo] Cr& 5% 7HA] A730S o whd-a8F
S A AANTIA GoBA £ D A7 SAS SIAA
ot 7] 843k 2358 o SEHT old =¥ x7] 84
8 sty 3l Cro] AVe ABRRE Ol Lag n)ElatgE
o= Yol AFE AR T FAHS EsXTgto g H3o) 1]
A& Ges &2 ) Byl

Fig. 70| Cro] 3%#7}9 3ol Lag 5% #7418 §5-2 £3
2|t o] o tate] EPMAE o]-43t SEM image®} La 3
F9] X-ray mapping 235 UERNRIE} Lad NiZ #|2]& AB, &
7 445 §3=r} g7t W&o Larichdt M&E3 ABZ
Aol 7177t BelEo] EAFE B 4 vk dAZ 4EEe 3
7le Agol 5 um o|3E g AW AX EXslx Uk
Table 49 - Larich3 A&E3 7|xjAbo] g WDS(wave
dispersive X-ray spectroscopy) ZAEA AIE TP} o]
ZAE Hol Larich 4E2E2 FE La-Ni &golH 1 ¥9L
E3txldd 93 La-F 31EZ EAs= Aoz A=y =
g, 7|1 A2 A<} AB, Laves 241} A X8l t].

_Fig. 8(a)ll & Cro] 5%37/19 5ol Lag 7% AT &
EghAg)etx] &3 o g Fdol| tid SEM imageS YERAS]
o} 28 AL FHL Larich & 50 9 o) ojaf ui
AUzE FE-0 24 Larichdt HEFEL ABY 71233 A 24
o] Aol F2 SATE & 5 Aot o|H & AMEE 7} AB, 714
Atole] ARL 33 & Aoz AT T3 F45 ellA
grain boundary & 3 42 @1 ARFEE 7HX graind]
oA 2] &alel wis] Fojstez AWAd wi} FAH AEE F
W FFIFHAA 429 F4 FFAEE 4T £ 9
Aoz Azt Fig. 8(b)oll Cro] 3% H7ke &30l Lag 5%
A7te 3 E3bXE e Eae] 4TS 22 SEM imageE UE}
W+=H Larichst &8 FH2 ddo] #2=EY MEF 214
T Eubgo] o] e B Tl AH J&S B S
Ut

Fig. 9& E3lx 2] 31A] o2 A5 EgA2st A8 1

(a) [&"

(©

0085 8K _%2,008 ..-18Vn
Fig. 7. (a) Scanning Electron Micrograph of fluorinated surface
of C3L5 alley. (b) Corresponding EPMA mapping of La. (¢)
Corresponding EPMA mapping of F.

Table 4. WDS composition analysis of fluorinated C3L5
alloy (atomic %)

Zr Ti \'% Mn Cr Ni La F

La-rich 5271 3.639 2.510 2.826 0.827 23.219 18.431 43.277
Matrix 19.665 8.294 16.022 13.371 5.639 33.00 0.199 4.080
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Fig. 8. Scanning Electron Micrograph of (a) etched surface of CSL7 alloy. (b) fluorinated surface of C3L5 alloy.
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Fig. 9. Comparison of impedance spectra of unfluorinated and
fluorinated electrodes at 50% D.O.D of 1 cycle.
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Fig. 10. Initial activation characteristics of fluorinated electrodes.
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Fig. 11. Schematic diagram of La-rich region on the surface of
AB; alloy.
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