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Effect of Rare Earth Element Substitution for Vandium on Structure and
Electrochemical Characteristic of TiyxZ1rV24MnyNiys; Hydrogen Storage Alloys

GUO Xin' LI Shu-Cun™? WANG Li' LI Yan-Wei'

(*College of Environment and Chemical Engineering, Yanshan University, Qinhuangdao, Hebei 066004, China)
(State Key Laboratory of Metastable Material Science and Technology, Yanshan University, Qinhuangdao, Hebei 066004, China)

Abstract: Microstructure and electrochemical properties of TigyZromVoxu..Mny;Nig;RE,(x=0.005, RE=Ce, Nd, Ho,
Y) hydrogen storage electrode alloys have been investigated systematically. The results of X-ray diffraction (XRD)
show that the matrix phase structure of the alloys are composed of V-based solid solution phase with body
centered cubic (bee) structure and a continuous C14 Laves phase with hexagonal structure. The cell volumes of
the two phases are both increase by rare earth elements substitution. The partial substitution of V by rare earth
elements can almost improve the activation characteristics and maximum discharge capacity. Lanthanum and
neodymium substitution can enhance the maximum discharge capacity of the alloy electrodes observably, and
cerium can improve the cyclic stability. Cerium, neodymium, holmium, yttrium can all improve the high-rate
ability (HRD) of the alloy electrodes. The alloy electrodes under the condition of high temperature show a
favourable discharge performance, and the maximum value of the discharge capacity for the alloy electrodes with
neodymium substitution is 550.4 mAh -g~. The effect on charge retention ability is different with the different

rare-earth elements substitutions.

Key words: hydrogen storage alloy; electrochemical characteristics; Ni-MH battery; rare earth elements

Wk B 1.2014-02-22,, Wt skl H 1.2014-05-11,
WAL [ AR AL L4 (No.B2010001 132) B B i H
“38 HIKFR A, E-mail : LSC111213@sohu.com, Tel : 13930319273 ,0335-8061569



2020 kMl otk

#o% 4R %30 &

4 B ALY B (MH-Ni) HL 2 — Fh DA S A
SN TR S RSk (0 KB B R A
22 MR DA R 28 I IR B S A M A2 v dg | H
L 3L A PR S | X MUH-NG R S A A s A T —
SE [ by (R MH-Ni AL b ATS SR 2 TR & i 3l 42 1 2
KB eI FESh S e AR A — i 2, H
A, WF 8RN I 08 AL i A o % A0 L B 2 R
MH-Ni H, 3t AFF 7 S0 Y P PR, 32 8 MH-Ni Hi v
PERE AR CHEAE T AR S5 S AR, LI %
PRI M B (L4 V-Ti-Mn, V-Ti-Cr, V-Ti-Ni 5§)& i
AR TF & 1) —FloBT AL = Re A R AT B I A
it R E A G LA TS M 22 I AT
RV ERR TS R KPIE R ERS TXRE
S A6 3h 7 B AU K S PR L 384 Ak BN A
HHRNTHBEXRG SNGEA R AR S
MR MAL I 20 A SO kG R M 266
TS T VEZ TAE ) B TR W RS
S A WFIEOR B La 0 A AR LR R L 25
K, BIEFHHEAE,; BN Ce & i AR MK
R OGERK R A Nd &R InA A TS A 4
B E 5 P W RIS A& S W E i 7w B A
Fl AL G FR G BT 5Tk Bl £ o0 R it
Ti-V-Mn LA & Ti-V-Cr P Ff BRI S A 4R R 25
P R R A 2 P R Y B2 e 0o 25 SRR BT B R OT R
USRS T A A H AR 9 35 Fh 1 B | I LA a2 ok L
[ 75 R H A C14 Laves A Z 4G /> 09 55 = A
f%|10’13lo

FTF LSS, A SCLA TigasZroorVoasMng, Nigss TE
JHES 4, H La,Ce,Nd,Ho,Y i 150 Z 40 B
&V, H A J GE i F 55 B 00 oo R 19 4 BUR 6
BUBL B IR G A 0 A IR 450 T fk M RE A5 R
PERE 65 F5 i LA B v T F A2 R BB AR I B2

1 SBES

FEfE % & Tig2621007V 024Mmg; Nig 33 Al Tig2621007V 024«
Mny;Nigs3RE,(x=0.005, RE=La, Ce ,Nd,Ho,Y) ¥J L) 4l
JE T T 99% ) 21 <5 J #42 MR LT ) o LRS5O et
1E Ar SRS T R AR AR LA R AT, AR
RS GRS B 5 TERS R R b A 4 BE B
B H A 2~3 U, R AR AT B B 2 WU R AT
JEE 2 300 H T4 3 R I 32X A H Al ) 45 55—
Iy ARSI LAFEAT X3 AT S (XRD) 1 23 A7 SO0
45t

015 ¢ NGB ARYE 0.75 g B EEE K 1
SHRA,TE 12 MPa J& 71 F & R B A2 10 mm JB
FE 1.5 mm BYAHCR BARAE R 5, 5 5845 Ni(OH)y/
NiOOH TF 4% 20 ¢ sl el i vl | P RS A0t A SR O 46 |
HLAR A 6 mol - L' KOH ¥, K #5400 L vt 78 Ha i
W R 48 b LIXT ARG T IR AL AL B A 4 AR AE
DC-5 Hth il A R A7 F Al 2= U B PLR 4
IC R | DL 60 mA - g™ I HL U B TR I ST 0 | AR
1EHLEHR 0.8 V,

K X5 2Ry AR AT S (XRD) 9 7 2k W 52 43 At
HL G 4 B AR 25 K & SR R RS 400 H
M5 7% S H A BR 24 19 D/max-rB 5 X 8 2k 41 4F
A, R 2R A Cu Keu(A=0.154 06 nm) & 5T, DL 4L
I LORFE BRI S EOR 40 kV,100 mA, &
G HIE S WSS A3 A 37 & S i
BT, Hoh A& ZH B kA
G B B By R AR TS MO SR A 20919
SRR B b AT AR

2 RS
2.

1 AERHULEH

K1 s Tio26Z1007V 024Mng 1 Nig 33 5 Tiga6Zr007
V2. MngNig5RE,(x=0.005 ; RE=La,Ce,Nd , Ho, Y) 5 42
(9 XRD &1, i 7 | s o0 3R OB AT Ble 5 4
(ARZEAE 259 bee Z5HIIY VLR A AN C14 Y
Laves M Z5 ¥ B2 —AHLH A . 45 A0 A0 & i = 50090 +
1P WERAB AT LA B L B & B AR Y &
B WA — B, &M TR B A TP

+ : BCC phase
i # : C14 laves phase
.
Y f”‘m*** + ok okut
Ho
Nd N J
| W Mt
|
1 i
Ce v LA
TVARPIRSIRRUISURPT W, W ALY Y, S PPOVROPOTHOIGNNT W I 0T NN W
La
A/ e A
Norm
1 1 1 1
20 40 60 80

20/ ()

B 1 TigaeZroeVoar.Mng;NigsRE, (x=0.005; RE=La, Ce,
Nd, Ho, V)& 41 XRD K

Fig.1 XRD patterns of TizZronVou.MngNigsRE, (x=
0.005; RE=La, Ce, Nd, Ho, Y) alloy
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Table 1 Lattice parameter and cell volume of TiyZrgV .. MngoNips:RE, (x=0.005; RE=La, Ce, Nd, Ho, Y) alloy

Lattice parameter / nm

Phase Cell volume / nm’
¢
Nom alloy bee phase 0.301 4 0.027 38
C14 laves phase 0.490 3 0.798 3 0.166 2
bee phase 0.303 3 0.027 91
b (14 laves phase 0.493 4 0.803 5 0.169 4
bee phase 0.302 6 0.027 70
C C14 laves phase 0.493 9 0.804 7 0.170 0
bee phase 0.301 7 0.027 46
N C14 laves phase 0.493 2 0.806 7 0.169 3
Ho bee phase 0.302 2 0.027 59
C14 laves phase 0.493 7 0.803 7 0.169 7
. bee phase 0.302 9 0.027 80
C14 laves phase 0.494 5 0.806 8 0.170 9
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Fig.2  FESEM micrographs of TigZro0Vou.Mng NigsRE,
(x=0.005; RE=La, Ce, Nd, Ho, Y) alloy electrode
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