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Table 1 Phase composition of ZrM n; based Laves phase hydrogen storage alloys

with various elements substitution in B side

Alloy Composition Type of major phase Other phase
Zr(Mnyg, 25Nip, 75) 2 C15 Cl14, ZrNi
Zr(Mny.35Nio.65) 2 C15 Cl4, ZrNi
Zx(Mng. 49Nio. 60) 2 C15 C14, Zr-Ni
ZrMir Ni ZI‘(MH()_45NiQ_55)2 C15 Cl4, Zr Ni
Zr(Mny,50Nig, 50) 2 C15 Cl4, ZrNi
Zr(Mny. 55Nig. 45) 2 C15 Cl14, ZrNi
Zr(Mnog_60Nio. 40) 2 C15 Cl4, ZrNi
Zr(Mng 35V 0. 10Nio. 55) 2 C15 Cl4, ZrNi
Zx(Mny, 30V .15Nio, 55) 2 C15 Cl4, ZrNi
Zx(Mny, 25V ¢.20Nig, 55) 2 C15+ C14 Cl4, ZrNi
Zr M V-Ni Zr(Mng 20V o.25Nip.55) 2 Cl5+ C14 ZrNi
Zr(Mnyg, 15V o.30Nio. 55) 2 C15+ C14 ZrNi
Zr(Mn()_ 10V o.35N1o. 55)2 Cl15+ C14 Zr Ni
Zx(Mng o5V o.40Nip. 55) 2 C15+ C14 Zr-Ni
Zx(Mng 25V, 175C00. 025N 1o, 55) 2 C15 Cl4, ZrNi
Zr( Mno,25V 0. 15C00.05N1o. 55) 2 C15 C14, ZrNi
ZrMmr V-Co Ni
Zr( Mno,25V 0. 10Coo. 10N 1o, 55) 2 C15 C14, ZrNi
Zx(Mno. 25V 0.05Co00.15Nio. 55) 2 C15 Cl14, ZrNi
Zx( Mno. 225V o.2C00.025N1io. 55) 2 C15 Cl4, ZrNi
. Zx(Mno.20V0.2C00.05Nio. 55) 2 C15 Cl4, ZrNi
Zr-Mmr V-Co Ni . X .
Zx(Mny.15V0.2C00.10Nio. 55) 2 C15 Cl4, ZrNi
Zr(Mny, 19V o.2C00. 15Nio. 55) 2 C15 Cl4, Zr Ni
Zx(Mng. 25V 0. 175Cr0. 025N g, 55) 2 C15 Cl4, ZrNi
. Zr(Mnog. 25V 0.15Cro. 05sNio. 55) 2 C15 Cl4, ZrNi
ZrMmr V-CrrNi . . .
Zr(Mnog. 25V 0.10Cro. 10N 1. 55) 2 C15 Cl14, ZrNi
Zr(Mny. 25V 0.05Cro. 15N, 55) 2 C15+ C14 Zr-Ni
Zr(Mnyg, 25V . 175Cug. 025N, 55) 2 C15 C14, ZrNi
. Zr(Mng. 25V, 15Cuo.0sNip. 55) 2 C15 C14, ZrNi
Zr M V-Cu Ni . R .
Zr(Mnog. 25V 0. 10Cuo. 10N 1o, 55) 2 C15 Cl14, ZrNi
Zr(Mnog, 25V 0.05Cuo. 15N 10, 55) 2 C15 Cl14, ZrNi
Zx(Mnyg, 25V . 175F €0 025N1p. 55) 2 C15 Cl4, ZrNi
. Zx(Mny. 25V . 15Feo. 0sNip. 55) 2 C15 Cl14, ZrNi
Zr M V-Fe Ni . . ) . )
Zr(Mnyg, 25V . 10Feo. 10N, 55) 2 C15 Cl14, ZrNi
Zr(Mng. 25V 0. 0sFeo. 15Nio. s55) 2 C15 Cl4, Zr-Ni

Zr-Ni phase includes ZrNi, ZrsNijp and ZroNi.
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Table 2 Phase composition of ZrM n; based Laves phase hydrogen storage alloys

with T1i substitution in A side

Alloy Composition Type of major phase Other phase
Zro.9T1ip. 1( Mng. 25V 0.15C00. 0sN1io. 55) 2 C15+ C14 Zr-Ni
Zr¢. T30, 2( Mng, 25V ¢.15C00. 05N 1o, 55) 2 C15+ C14 ZrNi
Zr0.7T 19.3( Mng. 25V 0.15Co00. 05N 1o, 55) 2 Cl4 ZrNi
Zro. 6T 10.4( Mg, 25V 0.15C00. 05N 1o, 55) 2 Cl4 C15, ZrNi
(Zr, Ti)-Mir V-Co Ni
Zro.5T 1o, 5( Mng. 25V o.15C00. 05N 1o, 55) 2 Cl4 C15, ZrNi
Zrg. 4T 1o, 6( Mo, 25V 0. 15C00. 05N g, 55) 2 C14 C15, Zr-Ni
Zro.3T1p.7( Mng. 25V ¢.15C00. 0sN 0. 55) 2 Cl4 C15, ZrNi
Zro 2T 1. 3( Mng. 25V ¢.15C00. 0sN1io. 55) 2 Cl4 C15, ZrNi
Zro.5Ti9, sMno 6Vo.4Nij. o C14 C15, Zr-Ni
Zro. sTip sMng 2V ¢Nii 2 Cl4 C15, ZrNi
(Zr, Ti)-Mmr V-Ni
Zr.9Tip.1Mng,6Vo.6Nij. 2 C15+ C14 Zr-Ni
Zro.9Ti0.1Mno 4V 4Nii 2 Cl15+ C14 C14, Zr Ni

HFRANE S A ICE ZrMny, &4 Laves EAHRI 52
Wi, RGBT R R T AR A Ah 2 H T U R
SEX AW EARG M B R EEN . AR R
TIPSR TR EGE N, C14 8 C15 2
Laves tHA BERREAFAE, A R G KA P K
%,

1) KHAARFEK A EICE A Mk B 3735
SBUR, K5IHE ZeMny JE A ARL R AIAR L .

2) K Ni B B Mn J&, ZrMno &4/
ML) AR Sk C15 Y Laves #H, B Ni & C15 4
FEILE . M ZrMorNi =084, V o Cl4 MF&
JETLE, 1M Co, Fe, CulI2h C15 MR EILE . HHL
RER /DI, Cr i C15 HERE TR, BURE N
I, C15 FaEEWE9 . Ti JLE A Cl4 M€ T
#, TiXF Al Zr B350 70 BUAROK S 30 4 A 45 0
A5 C14 1Y Laves #H .

3) ZrMny £ 421 Laves A2 55 BUAR J6 % 10
HFIRERRF RSP K.

[ REFERENCES]
[1] Smithells D J, Brandes E A, Metal Conference Book

[M]. London: Butterworths Press, 1977: 156— 157.
[2] Pebler A, Gulbransen E A. Thermochemical and struc-

tural aspects of the reaction of hydrogen with alloys and

intermetallic compounds of Zirconium[ J]. Electrochem

Tech, 1966, 4: 211- 215.

Pebler A, Gulbransen E A. Equilibrium studies on the
systems ZrCryH,, ZrVyH,; and ZrMoyH, between 0
and 900°C[ J]. Trans of Metallur Soc of AIME, 1967,
239: 1594- 1600.

Shaltiel D, Jacob I, Davidov D. Hydrogen absorption and
desorption properties of AB, Laves phase pseudobinary
compounds| J]. J Less-Common Met, 1977, 53: 117-
131.

Ovshinsky S R, Fetcenko M A, Ross J. A nickel metal
hydride battery for electric vehicles[ J]. Science, 1993,
260: 176- 181.

Huot J, Akiba E, Ogura T. Crystal structure phase
abundance and electrode performance of Laves phase
compounds (Zr, A) Vo sNi; (Mng ,Fep o[ J]. J Alloys and
Comp, 1995, 218: 101- 109.

Notten P H L, Hokkeling P. Double phase hydride form-
ing compounds: a new class of highly electrocatalytic ma-
terials[ J] . J Electrochem Soc, 1991, 138(7) : 1877-
1885.

Sawa H, Wakao S. Electrochemical properties of Zr-V-
Ni system hydrogemr absorbing alloys of face centered cu-
bic structure[ J]. Materials Transactions JIM, 1990, 31
(6): 487- 492.

Yang X G, Lei Y Q, Zhang W K, et al. Effect of alloy-
ing with Ti, V Mn on the electrochemical properties of
Zr-Cr-Ni based Laves phase metal hydride electrodes[ J].
J Alloys and Comp, 1996, 243: 151- 155.



B2 %58 5 W

SRR, A S ZrMng B Laves AHIE S G 6 AH 4 0K 5% Wi © 901 *

[10] Nakano H, Wakao S. Substitution effect of elements in rous Metals, 1997, 7(3): 72~ 76.
Zr-based alloys with Laves phase for nickelhydride bat- [13] Zhang W K, Ma C A, Yang X G, et al. Crystal struc
tery[ J]. J Alloys and Comp, 1995, 231: 587- 593. ture and electrochemical properties of Zr( Mn;_ , Ni, ),
[11] Moriwaki Y, Gamo T, Takeshita I, et al, C14 type T1i hydrogen storage alloys[ J]. Acta Metallurgica Sinica
(Zr)-Mn hydrogen storage alloys for heat pumps[J]. ( English Letters), 2001, 14(1): 56— 62.
The Chemical Society of Japan, 1988, 8: 1282— 1288. [14] HPEHE, B, &R ¥R (M), L. LERH
[12] SK3CH, /KR, M, 55, ZiMng o,V Nij (v = AL, 1983.
0.1~ 0.8) Laves M EA A& A ERI)]. TH HU Genxiang, QIANG Miao- gen. Theory of Metal-
HaEE, 1997, 7(3):72- 76. lurgy[ M]. Shanghai: Shanghai Science and Technology
ZHANG Werrkui, LEI Yong- quan, YANG Xiao Press, 1983.
guang, et al. Electrochemical performances of [15] Elliott R P, Rostoker W. The occurrence of Lavestype

ZrMng 9_ V. Nij 1(x= 0.1~ 0.8) Laves phase hydro-

gen storage alloys[ J]. The Chinese Journal of Nonfer-

phases among transition elements[ J]. Transactions of

the ASM, 1958, 50: 617- 633.

Effect of alloying elements on phase composition of ZrMn;based

Laves phase hydrogen storage alloys

ZHANG Wenmkui', MA Chuman', HUANG Hui', YANG Xiao-guang®, LEI Yong quan®, WANG Qrdong’
(1. Department of Applied Chemistry, Zhejiang University of Technology, Hangzhou 310014, China;
2. College of Materials Science and Chemical Engineering, Zhejiang University, Hangzhou 310027, China)

[ Abstract] The effect of substitution of Ni, V, Cr, Co, Fe, Cu and Ti element in A or B side on the phase composition of ZrMn,
based Laves phase hydrogen storage alloys were investigated systematically. The results show that the partial substitution in A or B
side by various elements will lead to the change of phase composition. The stable major phase is of C15 type Laves phase with the par-
tial substitution of Mn by Ni element, indicating that Niis C15 stabilized elements. For Zr-Mn-Ni ternary alloy, V is C14-stabilized
element, Co, Fe and Cu are C15-stabilized element, Cr is C15 stabilized element when the substitution amount is small. However,
the effect of stabilization decreases with the content increasing. Tiis Cl4-stabilized element, the major phase of ZrMn; based Laves
alloys will be transferred to C14 type Laves phase with the partial substituted of Zr by Ti element. T he phase component has a corre-

lation with the atomic radius and electronic concentration of the corresponding substitution element.

[Key words] Laves phase; hydrogen storage alloys; phase composition; ZrMnybased
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