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Effect of Al substitution on electrochemical performance of
La-Mg-Ni hydrogen storage alloys
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Abstract: Lay;Mg,3Nis s_,Al, (x=0, 0.1, 0.3, 0.7, 1.0) and Lay;Mg3Ni,3Coq7-Al, (x=0, 0.1, 0.2, 0.3, 0.4) hydrogen
storage alloys were prepared by solid diffusion reaction under Ar atmosphere. The phase structures of alloys were
analyzed by X-ray diffraction (XRD), as well as the electrochemical performance of alloy electrode with cyclic
voltammetry(CV)and charge/discharge test, so as to investigate the effect of Al substitution on electrode characteristics.
The results show that all alloys are composed of LaNis, La,Ni; and LaNi; phases. With the increase of x value, the cell
volume of La,Ni; phase enlarges and the content of LaNis phase becomes low markedly, while the content of LaNij
phase increases. La,Ni; phase can be favorable to improve charge/discharge properties of alloy electrode. However,
excessive content of Al has a negative impact on the discharge performance of alloys. The maximum values are 354.5
mA-h/g and 373.1 mA‘h/g for Lay;Mgy;NizsAly; and Lag;Mgy;NiygCogsAly; electrodes, respectively. Cyclic
voltammetry results indicate that the significant peaks responding to oxidation and reduction reactions and small
difference between peak potentials mean good reversibility of the electrode during charge/discharge reaction.
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Fig.1 XRD patterns of hydrogen storage alloys: (a) Lag ;Mg 3Nisz s Al,; (b) Lag;Mgg3Nip gCog7-Al,
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Table1 EDS analysis results of Lay ;Mg 3Ni3 5 Al (x=0.1, 1.0) alloys
Mass fraction/%
Alloy np/na
La Mg Ni Al
Lag7Mgg3Niz 4Aly 29.674 0 0.506 6 69.577 6 02419 5.1
LagsMgo3NiysAl; 20.456 2 1.3332 74.087 5 4.1232 3.6
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Table 2 Cell parameters and phases of Laj ;Mg 3Ni; 5s-,Al, hydrogen storage alloy

Unit cell parameter/nm

X Phase Space group Cell volume /nm’
a C
LaNis P6/mmm (191) 0.501 25 0.396 31 0.086 232 5
0 LaNi; R-3m (166) - - -
La,Niy P63/mmc (194) 0.501 69 237917 0.518 5852
LaNis P6/mmm (191) 0.503 05 0.399 17 0.087 478 9
0.1 LaNi, R-3m (166) - - -
La,Niy P63/mmce (194) 0.504 79 2.405 31 0.530 783 0
LaNis P6/mmm (191) 0.519 69 0.380 96 0.089 102 2
0.3 LaNi, R-3m (166) 0.439 63 2.480 76 0.479 5272
La,Niy P63/mmc (194) 0.505 25 2.444 29 0.540 381 8
LaNis P6/mmm (191) 0.498 68 0.398 96 0.085 922 0
0.7 LaNi, R-3m (166) 0.433 73 2.666 07 0.385 746 6
LayNiy P63/mmc (194) 0.498 91 2.481 84 0.535002 1
LaNis P6/mmm (191) 0.499 76 0.399 93 0.086 503 5
1.0 LaNi; R-3m (166) 0.400 10 2.655 25 0.371 3989
LayNiy P63/mmc (194) 0.495 66 5.702 96 1.213 3652
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Table 3 Cell parameters and phases of La, ;Mg 3Ni, sCoy 7-,Al, hydrogen storage alloy

Unit cell parameter/nm

X Phase Space group Cell volume /nm’
a C
LaNis P6/mmm (191) 0.501 32 0.395 82 0.086 151 1
0 LaNi; R-3m (166) - - -
LayNiy P63/mmce (194) 0.499 63 2.479 61 0.536 053 6
LaNis P6/mmm (191) 0.503 27 0.398 22 0.087 346 5
0.1 LaNi; R-3m (166) - -
LayNiy P63/mme (194) 0.504 67 243278 0.536 599 8
LaNis P6/mmm (191) 0.501 91 0.400 98 0.087 479 2
0.2 LaNi; R-3m (166) - - -
LayNiy P63/mmce (194) 0.505 53 242583 0.536 886 9
LaNis P6/mmm (191) 0.505 29 0.397 01 0.087 783 9
0.3 LaNi; R-3m (166) - -
LayNiy P63/mmc (194) 0.505 37 2.406 64 0.540 302 8
LaNis P6/mmm (191) 0.497 54 0.417 18 0.089 436 9
0.4 LaNi; R-3m (166) 0.427 43 2.483 65 0.433 906 3
LayNiy P63/mme (194) 0.507 30 2.440 01 0.543 813 8
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Fig.2 Discharge curves of hydrogen storage alloy electrodes:

(a) Lag ;Mg 3Ni3 5 Aly; (b) Lag ;Mg 3Nip gCog 1Al
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Table 4 Electrochemical performance of Lagy ;Mg 3Nij s Al

hydrogen storage alloys

Activation Maximum discharge Capacity

number  capacity/(mA-h-g ) retention, Sso/%
0 5 291.5 72.86
0.1 3 354.5 84.65
0.3 3 359.6 81.31
0.7 12 221.2 78.39
1.0 14 100.0 78.30

%‘% 5 )”\i’/{?hﬁ'—fELao,7Mg0,3Ni2,gC00,7folxE"J %'f’ti'lﬁﬁﬁé
Table 5 Electrochemical performance of Lag;Mgg;Ni,g-

Cog7-,Al, hydrogen storage alloys

Activation Maximum discharge Capacity

number  capacity/(mA-h-g ™) retention, Sso/%
0 3 355.4 77.80
0.1 5 373.1 84.83
0.2 4 280.6 85.00
0.3 6 301.8 90.16
0.4 4 283.7 89.04
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Fig.3 Charge-discharge cycle curves of hydrogen storage
alloy electrodes: (a) Lag;Mgo3Nizs—Al,; (b) Lag;Mgg3Ni,g-
Cop.7-Al,
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Fig.4 Cyclic voltammery curves of Lay;Mgg3Niss_ Al and Lay;Mgg3Ni,3Coq7-,Al, hydrogen storage alloys (scanning rate
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