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Table 1 Magnesium contents of the Lag7Mgo.3(Nio.s1C00.15Alo.04)3.4
as-cast and heat-treated alloys (/%)

Design
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Fig.1 P-C-Tisotherms curves of the Lag7Mgo3(Nig1C0o.15Al0.04)3.4

as-cast and heat-treated alloys
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Table 2 Properties of the Lag ;Mg .3(Nip.51C00.15Al0.04)3.4
as-cast and heat-treated alloys

Heat treated H/M, Plateau Py*/MPa Ev*IV
state /%  property*

As-cast 1.37 1.1107 0.0057 0.8938
1073 K,8h  1.38 1.1074 0.0028 0.8848
1173 K,8h  1.42 0.9224 0.0056 0.8934
1273 K,8h  1.22 1.5994 0.0038 0.8885

* Plateau property —log(Po.s/Po.2s)/[(H/M)o s—(H/M)o 5]
Evi—equilibrium potential in 50% DOD of the alloy electrode

Py — corresponding equilibrium pressure to Ey
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as-cast and heat-treated alloys at 298 K
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Fig.3 High rate discharge ability curves of the electrodes of
Lag.7Mgo.3(Nig.31C00.15Al0.04)3.4 as-cast and
heat-treated alloys at 298 K

ATCAE R, LA MR # T Bk, ST
G T AT LLEE ST % RV S 4 i R M RE(HRD) 5
JBCEE HL U 74(300~1200 mA-g™) 2 TR I BR B R &
I

HRD=100-3.23(j4/300) As-cast (3



26 30

JAREMREE: BN La-Mg-Ni R R A e PERERZ IR (0D Il Kot P Rg <967 +

HRD=100—4.85(j4/300)
HRD=100—4.61(j¢/300) 1173K, 8h  (5)
HRD=100-6.19(j4/300) 1273 K, 8h  (6)
HaRG)~(6) T LG, KT —& S, BiE

T LU S g (3G, B A I s A R R e M e

BIRRAR, 0 1173 K, 8 h AL HEA 4 HRDs 1

98.3% A WT FEARE] HRD 200 ) 84.5%. X2t T BEAT K

Fo LA 2 R I RN, ORI 2 1T R A R T A

JRF KA R Z I 1568 N B Volmer 3o R 11 B #2

BERNEANH, SEOLBAEE TR, RI&EMTE

TR REFEAR .

IR R IR R A T B v A R R RS
PR HL L R A I U . T AR R, 7R 300~1200
mA-g" JEE P, MR AR T, B R FE
FERI T, A 4 R IR e 3% 20 00 P M B A 5 BRI S 7
BT AR . W HRD y00 NG 87.8%
FRCE] 1073 K, 8 h I 11 83.5%, #RJGH4NEl 1173 K,
8 h I 1) 84.5%, TFFEMLE] 1273 K, 8 h i1 79.2%.
233 MHBEIEALE M

B 25 AN TR AL BEZS Lag ;Mg 3(Nig31C0g.15Alp.04)3.4
B < I HAR AR 298 KIS IR PAAG e P it 2t 18] 4 s .

1073 K, 8h (4D

350 |
“en
% 300F
2
Q
22501
@)
g)n —&— As-cast
—e—1073K,8h
g 2001 ——1173K, 8h
E ——1273K, 8h
1504

0 4IO 8I0 léO 160 2(I)O
Cycle Number, n
Kl 4 58 KA RIRAL A LagsMgo3(Nios1Coo.15Alo.04)3.4 & 42
LA A 298 K IR 2488 5 1 ith 2k
Fig.4 Cyclic stability curves of the electrodes of
Lag.7Mgo.3(Nig.81C00.15Al0.04)3.4 as-cast and
heat-treated alloys at 298 K

ALVE R, BEE A B TR, A AR
PR E ML T G B AR . 0 Sho0 MEE SN IR 55.8%
JEHEINE] 1073 K, 8 h 111 67.2%, SRJGHIINE] 1173
K, 8 h I f¥] 79.6%, FFFEEE] 1273 K, 8 h I ] 74.6%.
AR SE, 1173 K, 8 h #AUEFEZ Lag,Mgos (Nigg,
Cog.15Alg.04)3.4 B S ARG IR EYE Sa00 N 79.6%,
B e A EE SR, W ie A UL s vk fe . R4
(1 v % T HL TR R A B IR e KT A B 377.8

mAh-g"', RUFIILEA AL Pk REAE I o] LU 1 4
B AR, BLURX) 1173 K, 8 h AL BE X A 4 it
PEFAFEE PE VR AL BT 30 o

(1) RAGRIEIR 200 45285 b 1173 K,
8 h AL PEAS Lag sMgo 3(Nig 51C00.15A10.04)3.4 T 42 H HL AR
RIMJEZA XRD 4153l n & 5 FilE 6 fros. HE S
ALLES, 444 1173 K, 8 h #bH )5, MNA4
HIAAE B1 200 J& U35 2 1 1R 3RS0 B od s, B0 & 4
WORE R AL S B B 8E . I 6 i, fEER 200 JH
WEGaml XRD K 5 G40 1R 1) 5 B2 N2
B4 1) 686 cps(1)3ENE] 1173 K, 8 h MG HLZS 54
I 1K) 1043 cps(ly), E W RAF IR A & H bl T & S
TEWE )5 B 1064 cps(lo)s 7€ fE UL T A S MUkL KR 4L
M L% A58 2% . XRD RS (1 Ni 6k 5T
RN O & S

Bl 5 ORTEIAEIS 200 18535 (a), (b)) 1173 K, 8 h vk
i (c), () LagsMgos(Nig.s1C0o.15Al0.04)3.4 77 S IR R
[ap2
Fig.5 SEM images of the electrodes of Lag /Mg 3-

(Nig.31C00.15Al0.04)3.4 as-cast and heat-treated alloys

before cycling (a, b) and after 200 cycles (c, d)

[, JE%F LagsMgos(Nios1C0o.15Al0.04)3.4 5254
A& 1173 K, 8 h A4 FE 2SI (1) 5 A il B A7 I
BEGEN BMEE ) 628 MPa, 14 1173 K, 8 h
Kb PR ST AT B BRI E 452 MPa. 1173 K, 8 h #ukb
PHAE A <5 1) IR B AIC, A Y R ZUE it 8,
MUk R e w32 G 4 ARG AR 1 A5 3 o
MR FEERE 2 —



+ 968 * W &AM RS TR

¥37%

(2) BHAEM 173K, 8h #UBLEA S ke
AT A R R 3 Fron . MR, 1173 K, 8 h #4
A A R R 1D ) S ORI 4Lt # Lay Mg, Co I
Al JUILE Mg AT AL (1 J55 il A5 244 380, X244
H B A A B PR AR 1) o — R B R R [, Mg AN
Al S DA Rt — 2P 0%, XM IER %R G
S AR AR A AR B e A DR R BT AE

q |
:§ [0 Ni |
< A |t
% LY J‘JI Before cycling !
2

g L I

£ PR L.'JI '{\fter 200 cy‘clingﬂln K, 8 h
ik f
L) | i

I i o {li _J'LAs—cast
10 20 30 40 50 60 70 80 90
20/(°)

K6 RIEHHIAIEER 200 K #25 J 1173 K, 8 h #Ab L
LagsMgo 3(Nio.51C00.15Alp.04)3.4 T & FEAR 1] XRD &1
Fig.6 XRD patterns of the electrodes of Lay ;Mg 3-
(Nio.81C00.15Al0.04)3.4 as-cast and heat-treated alloys

before and after 200 cycles

H 4k Lay Mgy Co Al Al JG & 1Y J s
WS Ni 2B, H 1173 K, 8h P AS S
B ONi ZIARS Ni & 106.1% W B T4 540
116.6%, AHM I HLAEAGTEPE AR, X024 4 s 1k
PERE e f% 2 T3 Ik R PRI 1 R 2 — .

3 $H5R 1173 K, 8 h HALIEZ Lag,Mgos(Nio.s1C00.15Alp.04)3.4
EERBRE 200 BEREEL S TSR
Table 3 EDS results for the electrodes of as-cast and heat-
treated Lao_7Mgo_3(Ni0.s1C00.15A10,04)3,4 alloys (w/%)

Heat treated state  La Mg Ni Co Al
As-cast 74.2 30.4 116.6 90.9 27.7
1173 K, 8h 89.9 63.6 106.1 98.0 70.2
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Effect of Heat Treatment on the Properties of La-Mg-Ni-System
Hydrogen Storage Electrode Alloys
(IT) Hydrogen Storage and Electrochemical Properties

Zhou Zenglin', Song Yueging', Cui Shun', Lin Chenguang', Guo Zhimeng?, Qu Xuanhui’
(1. General Research Institute for Nonferrous Metals, Beijing 100088, China)

(2. University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The as-cast Lag;Mgo3(NiosiCoo.1sAlo.04)3.4 hydrogen storage electrode alloy has been prepared by cold crucible melting, and
then heat-treated at 1073, 1173 and 1273 K for 8 h under argon atmosphere. The magnesium content and microhardness of alloys and the
electrochemical properties and the surface condition of corresponding electrodes have been investigated by means of ICP-AES,
tri-electrode system, microhardness, XRD, SEM and EDS. The ICP-AES analysis shows that the magnesium content of alloys decreases
with increasing the heat treatment temperature. The pressure composition isotherms (P-C-T) curves show that the hydrogen-desorption
plateau region broadens first then narrows, and the plateau pressure increases first then decreases, the plateau flattens first then bevels. The
electrochemical results show that the maximum discharge capacity and the cyclic stability both are first improved, and then reduced. The
Lag7Mgo3(Nips1C00.15Al0,04)3.4 alloy annealed at 1173 K for 8 h can be used as high capacity electrode materials due to the good overall
electrochemical properties.

Key words: heat treatment; La-Mg-Ni system; hydrogen storage electrode alloys; Mg content; P-C-T curve; electrochemical properties
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