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Abstract: Effects of annealing temperature on the microstructure and electrochemical properties of A,B,-type
Lags3Y 067Niz2sMnNg 15Alo 1 hydrogen storage alloys were systematically investigated by XRD, SEM, EDS, and elec-
trochemical measurements. Results showed that the alloy was composed of CaCus-type, 2H-CeNi;-type,
3R-Gd,Co, -type and 3R-CesCu,q-type phases. Both abundance and unit cell volume of Ce,Ni-type phase increased
gradually with the anneale temperature increase when the annealing temperature was lower than 950°C. CaCus-type
and Gd,Co.-type phases disappeared at 950°C, but both abundance and unit cell volume of the Ce;Ni,-type phase
maximized. When annealing temperature was higher than 950°C, Ce;Ni,-type phase decreased while CesCoyqtype
phase increased. The aloy, annealed at 950°C, had the lowest hydrogen desorption platform pressure
(0.0192~0.087 atm), maximum hydrogen storage capacity (1.35wt%) and high electrochemical discharge capacity
(371 mAh/g) with the maximum capacity retention Siop at 89% after 100 cycle. The high rate discharge ability
(HRD) of the annealed alloys were significantly improved, the alloy annealed at 950°C had the best performance
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and HRDgy, Was up to 83.4%. These well performances demonstrated that it is the hydrogen diffusion in the alloys

that controls the high rate discharge.

Key words:. hydrogen storage materials; La-Y-Ni-based electrode material; heat treatment; microstructure; elec-

trochemical properties
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Fig. 1 Backscattered SEM images of the LayzsY 067Niz2sMng15Al0; alloys annealed at different temperatures
(a) As cast; (b) 850°C; (c) 900°C; (d) 950°C; () 1000°C; (f) 1050°C
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Tablel Element compositionsby ICP for the as-cast alloy and EDS results of the annealed alloysin phase regions

Atomic ratios of different elements/at%

Stoichiometric

Alloy Phase area

La Y Ni Mn Al B/A

5.3 16.7 69.9 4.4 37 3.54

As-cast (ICP) CaCus-type 34 14.1 76.0 42 23 471
As-cast Ce;NiZ(Gd,Coy)-type 46 15.0 74.4 38 2.2 3.42
CesNie-type 38 15.4 745 37 3.0 4.08

CaCus-type 31 13.7 76.3 3.2 38 4.95

850°C CesNi;(Gd,Co,)-type 5.0 155 73.8 34 33 341
CesNie-type 4.0 15.7 73.6 37 3.0 4.08

CaCus-type 31 13.8 75.0 38 36 5.06

900°C Ce;Ni(Gd,Co,)-type 55 16.2 71.4 3.7 25 3.58
CesNie-type 43 16.1 72.1 35 34 3.76

] Ce;Ni-type 6.2 16.0 71.4 33 31 3.41
950°C CesCog-type 51 15.8 72.1 4.0 3.0 3.85
] Ce;Ni-type 5.8 16.4 70.6 47 25 3.47
1000 CesCoyo-type 4.8 15.9 714 4.9 3.3 3.90
. Ce;Ni-type 5.2 16.5 72.0 45 2.6 3.51
10501 CesCoyo-type 46 16.2 72.1 46 25 3.81
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Fig. 2 XRD patterns of Lags3Y 067Niz25MnNg15Al0 1 aloys annealed at different temperatures (a),
(b) and Rietveld refinement pattern of the alloy annealed at 950°C (c)
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Fig. 5 Activation curves of the alloy electrodes annealed at Fig. 6 Electrochemical P-C desorption isotherms at 298 K of the
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alloy electrodes annealed at different temperatures
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Fig. 7 Discharge capacity versus the number of cycles for the
alloy electrodes annealed at different temperatures
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K2 AELREIRK LagsYoeNizxsMngsAlg: & & EIRENES FIE L F 48
Table2 Hydrogen storage and electrochemical properties of LagasY g67Niz2sMNg1sAlg1
alloy electrodes annealed at different temperatures

—1
Alloy Ne 60/(m§r-n; llgm/:gég(r;A-g’l) (HIWSS  So%  HRDao/% 1o/(mA-g™) (><10’1°[,)(<):Im2~8’1) /(rf:/c\c{rél’l)
As-cast 3 299.2 252.4 1.07 7.7 78.8 330.9 1.18 6.82
850°C 3 347.2 303.5 1.10 78.2 80.3 278.6 1.57 6.19
900°C 3 353.3 3185 121 78.3 82.3 229.9 1.82 6.14
950°C 3 3715 365.2 1.35 88.9 834 2435 2.68 5.01
1000°C 5 370.4 358.6 1.34 86.5 80.6 269.1 2.56 5.12
1050°C 6 365.2 356.7 1.28 815 76.4 321.5 2.32 5.23
Sio H FTREAR. ik 0 A 4 Pl WA B A ko 2
SOl AR BT & S A BRI L
R T AEEE R, X RMgNi & .
ABgo-ss BB GUE S W TR I, B b 45 Hy =25} ey
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SEH, AT T B 4 IR R R I )
ARG St 2 AR, T2 AR i ~55[6—1050°C 095 0% 03 0% 05T 00
BB RS T B BSR4 A o AT p?ﬂw'“ =04

otentia
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IR AL, TR 22 A 2H 230 B 3 Rt r vt 3 ok o AR 98
Tafel 25 AT 15 6 4 v A 1100 JE ot v 57 B JE ot R 97 25
RnE 8 K 2 fiow, 45 REKW, A& MET on
I 1 KR T v 2 RN e B s, o 950°C
1B KB & HA AR B JE ol FUASE AT S5 /N B T FL IR o,
LU &4 AR IR A e e e e . B 1 ] 1, 950°C
1B K CepNi7 U AH 3= 8 ¢ i (93. 7wit%),  HL2H ZHAI i,
o LRI A, AR TN G S H AR i, X
Wi B FE AR SR TH R AT N R R %A S IR A R
A EEJERZ —.
223 EsBBRHNSERMBIMERE

Kl 9 & & I & A R A 1 A8 (High rate
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PERE e 2, 1B KE4H HRD :REE 3R A R
MR T 24 FEL YA B2 A 900 mA/g B, HRDgoo B
I8 R T R A N JE RN R, R 950°C IR
‘KA 421 HRDgoo 15 2l B KAH 83.4%, B AT B4k
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U210 g A SRR R T & &%
THI 1) R A 5 88 R ELE & & AAH I SO 26, S 1)
B S0 £ 4 H AR B0 )1 B PERE IR R, ARt it 4k
WAL AL BRIV 2 R A0 5 A5 4 v
WHIAZ e LB B 1o AR T R EL Do, 4
il 10 fER 2 fron. g5 5RR M, MR KR E T e,
T B 1o 2SRV E AR, P
BUR B Do M JE 18 0 J5 k), iX 5 HRDggo 22 11 Fi A3
HH—8, RUEALE LagasYoerNizzsMnoisAlos A4
(R4 B 52 e e e 1 28 TR MR e X OB IR 2R

Bl 8 N[ BER KA 4 AR I Tafel WAk ith 2%
Fig. 8 Tafel polarization curves of the alloy electrodes
annealed at different temperatures
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