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Effect of Annealing Temperature on Structure and
Electrochemical Properties of La-Y-Ni Alloy

GUO Miao YUAN Hui-Ping® LIU Yu-Ru JIANG Li-Jun
(GRIMAT Engineering Institute Co., Ltd., Beijing 101407, China)

Abstract: The LaY,Nig;MngsAly; alloy was prepared by magnetic suspension induction melting method. It was
annealed at different temperatures from 1 073 to 1 373 K. The effect of annealing temperature on the phase
structure and the electrochemical properties was systematically investigated by X-ray diffraction (XRD), electron
probe micro analysis (EPMA), and electrochemical measurements. It was proved that the heat treatment
significantly improved the phase uniformity of the alloy. The content of the main phase Ce,Ni;-phase increased
first and then decreased with the annealing temperature. At the same time, the maximum discharge capacity, high
rate discharge-ability and the cyclic stability of the alloy electrodes all increased first and then decreased, which
were consistent with the change of the content of Ce,Ni; phase. The electrochemical pressure-content-temperature
(P-C-T) curves of the alloy electrodes had two hydrogen desorption platforms, and their pressures both increased
with the annealing temperature. When the annealing temperature was 1 273 K, the Ce;Ni; phase content of the
alloy was 86.53% (w/w), and the electrochemical properties were the best. The maximum discharge capacity
reached to 386.80 mAh-g™ (60 mA -g™), the high rate discharge-ability at current density of 900 mA g™ (HRDyy)
was 89.45%, and the maximum capacity retention after 300 cycles (Syy) was 72.18% (300 mA -g™).
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EPMA images of LaY,Nij;MngsAl; alloy under different heat treatment temperatures
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Fig.2 XRD patterns of LaY,Nig;MngsAly; alloys treated under different heat treatment temperatures
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Fig.3 Rietveld refinement of the LaY,Nig;MngsAly; alloy at heat treatment temperature of 1 273 K
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Table 1 Phases composition of t Rietveld refinement in the LaY,Niy;Mn,sAl,;alloys
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Lattice constant

Alloy Phase Space group Phase abundance/ % (w/w)
a/ nm ¢/ nm V /[ nm®
1073 K Ce:Ni; P6y/mme 0.503 2.440 0.534 5275
PuNi, R3m 0.503 2.448 0.536 14.54
LaNis P6/mmm 0.506 0.394 0.087 8.40
CesCory R3m 0.497 4.833 1.034 2431
1123 K CesNi P6y/mme 0.502 2.439 0.533 67.37
PuNi; R3m 0.507 2.430 0.541 6.10
LaNis P6/mmm 0.504 0.398 0.088 9.20

CesCopo R3m 0.500 4.885 1.056 17.33
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1173 K CeNiy P6y/mme 0.502 2.438 0.532 74.88
PuNi; R3m 0.503 2.448 0.535 3.54
LaNis P6/mmm 0.502 0.397 0.087 791
CesCopo R3m 0.495 0.495 1.029 13.67
1223 K Ce,Niy P6y/mme 0.502 2436 0.531 84.60
PuNi; R3m 0.506 2.436 0.540 7.71
LaNis P6/mmm 0.502 0.398 0.087 3.14
CesCopo R3m 0.499 4.872 1.050 4.55
1273 K Ce,Niy P6y/mme 0.501 2.435 0.530 86.53
PuNi; R3m 0.507 2.465 0.549 6.81
LaNis P6/mmm 0.505 0.404 0.089 3.55
CesCopy R3m 0.498 4.883 1.047 3.11
1323 K Ce,Niy P6y/mme 0.501 2.432 0.528 82.90
PuNi; R3m 0.506 2.452 0.543 8.89
LaNis P6/mmm 0.503 0.401 0.088 5.54
CesCoyy R3m 0.498 4.873 1.045 2.66
1373 K CeNiy P6/mmc 0.500 2431 0.526 70.89
PuNi; R3m 0.509 2.468 0.553 14.41
LaNis P6/mmm 0.505 0.404 0.089 6.28
CesCopo R3m 0.500 4.858 1.052 8.42
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alloys under different heat treatment

temperatures
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Table 2 Electrochemical properties of the LaY,Niy;MnysAly; alloy under different heat treatment temperatures

Alloy N, Co / (mAL-g) HRDuy / % HRD 0 / % Sy / %
As-cast 1 301.20 69.21 50.40 44.12
1073 K 1 365.50 79.15 72.30 63.79
1 123K 1 376.30 82.90 76.56 65.30
1173 K 1 377.00 85.05 76.62 68.75
1223K 1 382.60 86.99 82.01 65.82
1273 K 1 386.80 89.45 85.36 72.18
1323K 1 371.40 88.33 82.86 65.54
1373 K 1 355.60 82.11 73.96 59.47
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Fig.5 High-rate discharge ability of the LaY,Nig;MngsAly;

alloys under different heat treatment temperatures
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Fig.9 Potential step curves of the LaY,Nig;MngsAly;
alloys under different heat treatment

temperatures
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Table 3 Dynamics data of the LaY,Ni,;Mn,sAl,; alloys under different heat treatment temperatures

Alloy R,/ Q R./Q I/ (mA-g) I/ (mA-g™) Dy / (cn+s™)
As-cast 0.61 0.053 415.10 407 2.17x10°®
1073 K 0.78 0.098 294.24 437 1.56x10°*
1 123K 0.86 0.097 322.55 436 1.66x10°*
1173 K 0.67 0.098 375.49 452 1.82x10°*
1223K 0.66 0.084 381.33 452 1.95x10
1273 K 0.39 0.033 647.29 456 2.52x10°
1323K 0.62 0.047 402.68 451 2.28x10°
1373 K 0.63 0.065 399.87 447 2.12x10°
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Fig.10  Electrochemical P-C-T curves of the LaY,Niy;MngsAly;

alloys under different heat treatment temperatures

x4 FAEALEEET LaY,NijMnyAl, 8 & BHLE P-C-T HZ& LR P, 0 Ay,
Table 4 P, and A of the LaY,Ni,;Mn,sAly; alloys under different heat treatment

temperatures in electrochemical P-C-T curves

Low platform High platform
Alloy Ry,
Ay, | % (who) P,/ MPa Ay, | % (who) P,/ MPa
1073 K 1.000 0.001 5 1.928 0.014 3 0.519
1123 K 1.216 0.001 9 2.103 0.012 9 0.578
1173 K 1.286 0.003 0 2.383 0.0150 0.540
1223 K 2.000 0.004 0 2.749 0.015 7 0.728
1273 K 2.100 0.005 2 2.749 0.016 3 0.764
1323 K 1.946 0.007 8 2.673 0.023 0 0.728
1373 K 1.678 0.011 8 2.427 0.029 0 0.691
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