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Effects of substitution of Nd for La on properties of La-Mg-Ni
system A,B+-type hydrogen storage electrode alloys
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Abstract: The Lag;-,Nd,Mgj;(NiCoAl)s 5 (x=0, 0.1, 0.3, 0.5, 0.7) hydrogen storage electrode alloys were prepared by
cold crucible melting under argon gas atmosphere. The phase structure and electrochemical properties of these alloys and
the surface of corresponding electrodes were investigated by means of XRD Rietveld method and tri-electrode test system
and SEM. Rietveld analyses show that all these alloys consist of hexagonal Ce,Ni;,-type main-phase, hexagonal
CaCus-type phase, rhombohedral PuNis-type phase, cubic MgCu,-type phase and orthorhombic CrB-type phase. The
main-phase content increases, and accordingly the CaCus-type and MgCu,-type phase content decreases, and the
PuNi;-type phase content is almost invariable. Furthermore, the cell volume of these phases decreases linearly. p—c—t
isotherms show that hydrogen-desorption plateau region narrows with increasing x, and the plateau pressure increases and
the plateau becomes firstly steeper then flatter. The electrochemical results show that maximum discharge capacity
decreases linearly. The activation property and high-rate dischargeability are favorable. Cyclic stability is improved
markedly.
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Fig.1 XRD patterns of Lag;_Nd.Mgq3(NiCoAl); 5 hydrogen
storage electrode alloys
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Table 1 Phase analysis of Lag ;- .Nd, Mg, 3(NiCoAl); s hydrogen storage electrode alloys

Space group Phase abundance/ Cell volume/ prz)/

X Phase" (No.) o o’ v 53
(La,Mg),Ni, P6;/mmc (194) 63.6 0.5326
LaNis P6/mmm (191) 21.0 0.088 5

0 (La,Mg)Ni; R-3m (166) 9.5 0.5539 11.94 3.01
(La,Mg)Ni, Fd-3m (227) 5.7 0.368 7
(La,Mg)Ni Cmcm (63) 0.2 0.178 4
(La,Mg),Ni, P6;/mmc (194) 65.6 0.5313
LaNis P6/mmm (191) 20.1 0.088 1

0.1 (La,Mg)Nis R-3m (166) 9.8 0.5516 10.92 2.99
(La,Mg)Ni, Fd-3m (227) 44 0.3672
(La,Mg)Ni Cmcm (63) 0.1 0.179 8
(La,Mg),Ni, P6;/mmc (194) 69.4 0.527 8
LaNis P6/mmm (191) 19.0 0.0872

0.3 (La,Mg)Nis R-3m (166) 7.8 0.5470 7.86 3.54
(La,Mg)Ni, Fd-3m (227) 3.8 0.364 3
(La,Mg)Ni Cmcm (63) 0.0 0.178 4
(La,Mg),Ni, P6;/mmc (194) 71.3 0.5254
LaNis P6/mmm (191) 16.2 0.086 6

0.5 (La,Mg)Nis R-3m (166) 8.7 0.542 8 9.75 3.41
(La,Mg)Ni, Fd-3m (227) 3.5 0.3617
(La,Mg)Ni Cmcm (63) 0.3 0.174 4
(La,Mg),Ni, P6;/mmc (194) 72.5 0.5215
LaNis P6/mmm (191) 14.8 0.0859

0.7 (La,Mg)Nis R-3m (166) 8.9 0.5333 10.12 3.64
(La,Mg)Ni, Fd-3m (227) 32 03575
(La,Mg)Ni Cmcm (63) 0.6 0.1729

1) (La&Nd,Mg),(Ni,Co,Al); is replaced by (La,Mg),Ni; in writing.

2) R,,— Weighted pattern factor.
3) S—Goodness of fit.
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Table 2 Properties of Lag;-,Nd,Mgg3(NiCoAl); s hydrogen

storage electrode alloys

x=0 1.41 1.642 3 0.005 0.8919
x=0.1 1.30 1.787 8 0.007 0.896 3
x=0.3 1.22 1.3185 0.013 0.904 3
x=0.5 1.09 1.200 9 0.027 09135
x=0.7 0.96 1.022 3 0.080 0.927 6

lg(pos/ Poas)
w(H/M) g5 — w(H/M) 55

2) Ey—Equilibrium potential in 50%DOD of alloy electrode.

1) Plateau property —

3) pm— Corresponding equilibrium pressure to Ey;.

B A SR 110 S RS ) B/ B 1 g, &1
(La,Mg),Ni; EHI AR 0.532 6 nm’(x=0)F#1IK
F]0.521 5 nm’(x=0.7)0 340, FAMAL LS Ry
BT, BEENAES RN, (La, Mg),Ni,fl(La, Mg)Ni; %
B AN 73.1% (=038 n% 81.4%(x=0.7), Hit
PIAR IR S 38 T LaNist, WA S a1 n
SRIMT, B 4 0 R P 308 R s S AN AN 5 45 4 R 1)
WA AT G, 385 LaNisAH (K AL AE D 197 3G
LaNis ff A AH B & E A7) 1) a2t ot 5 4 I S B i/ 1Y)
AIRE IR 2 —

WATLLEH, BEE Nd Sspssn, &8s
& B B M 0.005 MPa(x = 0) #2551 #1 0.080 MPa

(=0.7), NAGEH AN RIAEBIRBN L& Nd
R La Ja & AR E PEFARAE I T 2R, Nd X
La (AR R0R T & e G . [FI, 1
SRFERILESERIA T m e AW, RIS & e
U 3 T4

23 BIFEMSI4EE
o K L B R A R

B KA 60 mA/glER 7R HL 500 min, i
15 min, #RJ5 60 mA/glEFIH, #ukHA7h 0.6 V,
FRE 15 min, WKIKIGFR. (EMLABOBHIE T, H31
doe K HL 25 1 O B 4 H R 1 e KT 2 R (Cona s
mA-h/g)s BEEF, BT EG PRI AN K A 4 Fa Rk 1) AL
&8

Lay7-,NdMgo3(NiCoAl); s/ 2 & < HI M ) 5 KT
AR 28 3 . BAENd S s I3En, mokm
HI 2R AS 2R PR, A 370.5 mA-h/g(x=0) P& K EI
255.1 mAW/g(x=0.7); &< & AH P RARTR 19 A
LaNisf A AH 2 & Lol irp i 2 H 22 g o [R]IN, 1%
ROVE L I RELE 1~2 AR P IE 31 5 K 7%
&, mirEREIL R .

2.3.1

400

300

250

04 05 06 07
x

200 1 | 1
0 01 02 03

Maximum discharge capacity/(mA-+h-g-1)

3 Lag7-Nd Mgy s(NiCoAl)s sl A < UK ) fe AT L 2
S qiilES
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(NiCoAl); s hydrogen storage alloy electrodes
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Fig.5 Cycle life curves of Lay;NdMgy3(NiCoAl);s

hydrogen storage alloy electrodes
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Fig.6 SEM images of Lay; Nd.Mg,3(NiCoAl);s alloy electrodes before cycling and after 200 cycles: (a) Before cycling;

(b) Shedding; (c) Shedding and pulverization; (d) Pulverization
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Fig.7 XRD patterns of Laj;-NdMg;3(NiCoAl);s alloy
electrodes before cycling and after 200 cycles (Peaks of Ni are

from carbonyl nickel powder in pressed alloy electrodes)
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Table 3 EDS results for Laj;-,NdMgj;(NiCoAl)ss alloy

electrodes

Element content ratio of after 200 cycles to

x before cycling/%
La Nd Mg Ni Co Al
0 74.2 304 1166 909 277

0.1 84.8 83.7 496 110.1 943 48.7

SEFEPE ], IR AP E ML (1 5 — R
AR, HEARMAIALTG 2 1B s O L4159 B ALK
B, AHJE bhoas b g™ E ., B U Lag¢Ndo 1 Mgo3-
(NiCoAl)s st & 15 < U R IR I PR AU PR AT B o
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Table 4  Electrochemical properties of Lagy; Nd,Mg;-

(NiCoAl); s hydrogen storage alloy electrodes

Alloy (mif‘ﬁf‘; - Na HR(Z"W/ 5 ;0/

x=0 370.5 1 91.3 74.1

x=0.1 343.7 1 92.4 79.7

x=0.3 323.6 1 943 85.1

x=0.5 289.2 1 95.1 91.5

x=0.7 255.1 2 94.3 94.5
3 it

1) Lag;,Nd,Mg,3(NiCoAl); s(x=0, 0.1, 0.3, 0.5 fil
0.7 A FUMR & o ZAREE I, FAHIY K 7577 CeNip 2
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PuNi; A& B W AE— e U N s[RI, FrRCrBAY
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#,
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TR/ B LaNis i A AH 2 2 LA ) o2 S 3L = 2 i
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TREAG IR FE A SO 8 4k S La Mg %5 A 30 A
T F B T R A3 B 2] Nd&F A Lajg %
A& G R E VA 081, AFOh ORRF R (1 5
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