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Effect of Mixed Rare Earth Elements on Structural and Electrochemical
Properties of A,B-Type Hydrogen Storage Alloys
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Abstract: A,B,-type Laggs o5(ProiNdg,Smg;Gdgz).Mgp17Niz CogzAly,(x=0~1.66) hydrogen storage alloys were prepared
by induction melting method and annealed at 1 173 K in He+Ar atmosphere. The effect of the partial substitution
of mixed rare earth for La on the structure and electrochemical properties of the alloys was investigated by XRD,
SEM and electrochemical measurement. Phase structure analyses showed that the annealed alloys mainly
consisted of Ce)Nirtype and Gd,Cos-type phases accompanied by minor CaCus-type and PuNis-type phases and
the influence of the substituted mixed rare earth content x in alloys was great on the phase constitution and
structure. With the increase of x value, the main phase abundance of A,B,-type (Ce.Ni-type and Gd,Cos-type)
gradually increased and the unit cell parameters of the main phase decreased. The partial substitution of the
mixed rare earth for La beneted the formation of Gd,Cor-type phase, indicating that the atoms with smaller radius
favored the formation of the Gd,Costype phase. The electrochemical measurement results showed that the

activation performance was influenced little but the discharge capacity and the cycle stability of the alloys were
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all first increased and then decreased with the increase of x value. When x value was equal to 0.4, the system

exhibited the maximum electrochemical discharge capacity (389.8 mAh-g™) and the best cyclic stability (Si0=

92.82%). The high rate discharge ability of alloys presented an increasing trend with the increase of x value. The

appropriate substitution of the mixed rare earth for La improved obviously comprehensive electrochemical

properties of the alloy electrodes.

Key words: R-Mg-Ni based hydrogen storage alloys; the mixed rare earth; microstructure; electrochemical properties
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Table 1 Structural Parameters of main phases with A,B,type of

Laygs 45(Pry;Ndy;Sm, Gdy,) Mgy 1:Niz;C0y:Aly; annealed alloys

B ﬁ & Lag&_o‘;r(PrmNdo,1Sm0,1Gd0.2)ngo,l7Ni3,1 C00_3 EF A2B7 gl EE biE| E"J AR 'ﬁ: & % #

Lattice constants

Samples Phase Space group Phase abundance / wt%
a/ nm ¢/ nm V / nm?
x=0 CeNis-type P6yymme 0.505 9 2.457 0.544 2 42.59
x=0.1 CeNis-type P6y/mme 0.505 8 2.453 0.543 4 44.18
Gd,Cos-type R3m 0.502 4 3.636 0.796 2 5.070
x=0.3 CeNis-type P6y/mme 0.505 3 2.452 0.543 3 54.96
Gd,Cos-type R3m 0.501 9 3.633 0.795 5 8.230
x=0.4 CeNis-type P6y/mme 0.504 3 2.449 0.542 9 56.84
Gd,Cortype R3m 0.501 5 3.633 0.794 4 14.15
x=0.5 CeNis-type P6y/mme 0.503 5 2438 0.541 9 53.38
Gd,Cortype R3m 0.501 3 3.628 0.794 2 17.24
x=0.7 CeNir-type P6y/mme 0.503 1 2434 0.537 0 4591
Gd,Cortype R3m 0.501 1 3.624 0.791 1 27.85
x=0.9 CeNi-type P6y/mme 0.502 3 2431 0.536 8 41.13
Gd,Cortype R3m 0.500 7 3.620 0.785 8 35.42
x=1.0 CeNir-type P6y/mme 0.501 3 2.427 0.534 7 41.89
Gd,Cor-type R3m 0.500 5 3.621 0.781 9 42.55
x=1.5 CeNir-type P6y/mme 0.500 7 2.419 0.533 8 36.77
Gd,Cos-type R3m 0.500 5 3.615 0.776 3 48.23
x=1.66 CeNis-type P6yymme 0.500 2 2414 0.531 1 33.70
Gd,Cos-type R3m 0.500 3 3.609 0.770 5 52.09
100 —&— PuNi,-type phase —<— Ce,Ni -type phase (a) b)
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Fig.3 Dependence of the major phase abundance on the mixed rare content (a) and A-atomic equivalent radius (b)
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(a) x=0.0, (b) x=0.4, (c) x=1.0 (a: CaCustype, B: Ce:Ni(Gd,Co,) type, y: PuNi; type)
B4 GRKAEROWALUY SEM 15 HU T ER
Fig.4 SEM back scattered electron images of the annealed alloys
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Table 2 EDS analysis results of the phase areas composion for x=0.4 alloy in Fig.5

Phase composion / wt% Stoichiometric
Phase area
La Pr Nd Sm Mg Ni Co Al B/A
a area of x=0.4 9.54 1.24 1.35 1.14 2.02 1.19 70.29 8.83 422 5.01
B area of x=0.4 11.50 1.30 1.65 1.70 3.23 2.90 69.17 6.40 2.15 3.48
7y area of x=0.4 12.40 1.60 1.80 1.80 3.40 3.40 67.80 5.90 1.90 3.07
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Table 3 Hydrogen storage and electrochemical properties of alloy electrodes

Cpoe / (mAh-g™)

Alloy Na 0 200 S/ % HIM P,/ MPa HRDoy / % I,/ (mA-g™) D,/ (cm*s™)
x=0.0 1 3154 258.3 81.06 1.070 0.049 74.27 288.1 1.63x107"
x=0.1 7 3185 313.1 81.55 1.100 0.051 67.29 282.4 2.26x107™"
x=0.3 5 367.0 3529 84.04 1.210 0.062 69.17 3139 2.30x10™"
x=0.4 2 389.8 359.2 91.30 1.350 0.070 79.26 317.5 2.45%x107™
x=0.5 2 379.9 373.1 91.00 1.340 0.071 83.23 319.6 2.67x107"
x=0.7 2 379.0 364.5 86.41 1.280 0.078 84.04 301.4 3.10x10™
x=0.9 1 375.6 367.1 83.37 1.280 0.080 89.59 298.8 5.90x107"
x=1.0 2 360.7 352.8 81.38 1.240 0.089 90.91 276.2 6.02x107"
x=1.5 2 343.2 338.0 87.19 1.210 0.112 92.30 239.6 6.48x107"
x=1.66 7 280.0 281.5 85.18 1.170 0.155 92.61 231.6 6.97x107"

Note: Na=numbers of activation; C,,=Maximum discharge capacity; S,p=discharge capacity retention of the alloy at 100" cycle; H/M=ratio of
hydrogen atoms/alloy atoms; P.,=equilibrium pressure; HRDyy=high rate discharge ability at current density of 900 mA -g™'; Iy=exchanging current
density; D,=diffusion coefficient of Hydrogen
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