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Abstract: The influences of the ratio of the radius of atom A(r4) to radius of atom B(r3), electronegativity and elec

tron number were discussed on the Laves phase formation and the characteristics of Zr-based AB; type hydrogen storage al-

loy. An enthalpy model of Zr-based AB, alloy was obtained from known data and twelve Zr-based alloys were designed to

test the model. The results show that the predicted values are in good agreement with the experimental values. The model

can be used for predicting enthalpy values of Zr-based hydrogen storage alloys and settles a foundation for experiments.
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1 INTRODUCTION

Presently, there are two kinds of hydrogen stor-
age alloys (ABs and AB>) used in nickeFmetal hy-
dride (Ni/MH) battery. AB; type hydrogen storage
alloy has worse activation performance and lower ini
tial capacity though its capacity is higher and life is
longer than ABs alloy. At the same time, AB; type
hydrogen storage alloy is more expensive than ABs
type hydrogen storage alloy. All the above aspects
embarrass the actual application of AB; type hydrogen
storage alloy. Properties of AB; type hydrogen stor-
age alloy, such as capacity, activation, and circle
life, are closely related with the component and struc
ture of the alloy. So it is necessary to study on the
component and structure of the alloy in order to opti
mize the design of the alloy, to improve the activation
performance of Zr-based hydrogen storage materials,
to reduce the cost and to accelerate the application of
AB> type hydrogen storage alloy.

2 DESIGN OF ALLOY

Zr can form AB,, ABs, 4 Laves phase hydrogen
storage alloys with metals such as V, Mn, Cr and so
on. B atom can be partially replaced by Ni, Co, Fe
and so on. Laves C15 and C14 phase can store hydro-
gen and C15 structure has the most hydrogen storage
capacity ', The effects of all kinds of factors on alloy
preparation are discussed below.

2.1 Laves phase formation conditions

The radius of atom A(r,) must be larger than
that of atom B( rp). The ideal formation is ra: rg=
1. 225 . If rat rg> 1.24, single C15 Laves phase
formed. It is apt to form C14 Laves phase when the
ratio of ra to rp is lower than 1.24"*'. Another fac
tor is average number ( n) of outside electrons. When
n= 4.67 75.4, C15 Laves phase formed in the Zr
based alloys. When n= 5.477.0, C14 Laves phase
formed in Zr-based and T rbased alloys. When n> 7.
0, C15 Laves phase formed. Besides, the crystal
structures of alloys have great relation to the average

31 When the electron con-

concentration of electron
centration (e/a) is greater than 2.3, C15 Laves

structure is apt to form.

2.2 Effects of elements replacement

According to atom radium, replacement of one
main element in a alloy with a larger radium element
results in a larger absolute value of AH ©, which
means that the hydride between metals is more sta-
ble. The absolute value of AH  is also related with
chemical appetency between elements. When one ele-
ment in a alloy is replacement by a more electronega
tive element, the average electronegativity in the al-
loy become larger and absolute value of AH © decreas-
es, which means that the hydride between metals be-
comes more unstable.

AH © is related with not only the kind of re-
placed element. but also the quantity of replaced ele-
ment.

ra= 2air;l 2a;= (ra+ 2rp)/3 (1)
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where r,, is mean atom radium, a; is the number of
atom i. Decrease of r, reduces the volume of crystal
lattice and the absolute value of AH © of hydride
formed in the alloy.

X o= 2a; x;l 2a; (2)
where x4 is mean electronegativity.

When x 4 increases, the affinity between hydro-
gen and alloy becomes smaller and the absolute value

of AH © decreases.

2.3 Effects of elements

Ti and Zr can not only store hydrogen as funda-
mental elements in alloy, but also form thick, inac
tive oxide in basic solution. V can form dissolvable
oxide. Cr can prevent V from excessive corrosion and
control the microstructure of alloy. Zr is in favor of
controlling brittle and increases the surface area of
electrode, however it accelerates the electrode reac
tion. Too fragile electrode mechanically decomposes
easily, and as a result conductivity is lowered and po-
larization increased. So the circle life of cell is short-
ened. Sufficient attention should be paid to this
point.

Ni has several important effects in alloy. Firstly,
linking power between alloy powders for cathode and
hydrogen should be suitable. When there is Ni in al-
loy, linking power between Ni and H is strong and
linking power between V, Ti, Zr and H is infirm, so
the linking power between alloy and H can be adjust-
ed by controlling the content of Ni, and also that of
V, Ti, Zr. Secondly, Ni is a catalyst for hydrogen
decomposition and accelerates the gassolid reacting
velocity. Finally, Ni has the characteristics of antr
oxidation and antrcorrosion. Alloy made of Ni, V,
Ti and Zr has better antroxidation property, and
forms a film of oxide at the interface of electrode and
electrolyte solution. Because the film contains metal
Ni, this is resulted in the increase of conductivity and
catalytic activity of the alloys.

3 THERMODYNAMIC COMPUTING MODEL OF
HYDROGEN STORAGE ALLOYS

The results above show that the thermodynamic
characteristics of hydrides play an important role on
the performance of hydrogen storage alloys. Research
on the disciplines is helpful to developing hydrogen
storage alloys. We can deduce whether one alloy is
useful for hydrogen storage according to its thermody-
namic characteristics.

Relation between forming enthalpy of Zr

based alloy hydrides and atom bond parameters is

analyzed and a model is presented.

In general, the energies of alloys involve three
factors:

1) Chemical affinity represented by electro-nega-
tivity;

2) Atom size;

3) Electron concentration.

According to the bond parameters above, en-
thalpy change ( AH ) of alloy formatting hydride can

be expressed as below! ¥

2
AH = ao+ ai Ax)2+ iy &4 (13(';“)3 (3)

where aq, a1, a2, asz are constants, Ax is elec
tronegative difference of multrelement alloys, 0 is
atom size factor, e/ a is electron concentration factor.

Collecting 12 groups of data and computing with
step reduce analyzing method on a computer and the

. 511
result is shown as below!”> '

A = - 8.813%x 10"+ 3.56% 10°( Ax)*-
2
1.879x10° 8+ 1.995x 10%(75)3  (4)

The relative factor R is 0. 944.

Enthalpy change AH ., calculated with Eqn. (4)
and AH e from Ref. [ 57 11] all locate on the sides of
45 degree line (as shown in Fig. 1), which means
that the experimental results are in good agreement
with the predictedones. The model is tested with the
12 hydrogen storage alloys designed in this paper
(ABr0, ABs1, ...ABy-11), and the results show
that - AH &) and — AH . have near values( as listed
in Table 1), which means that the model presented in
this paper is reasonable. Enthalpy change of AB, type
hydrogen storage alloys can be predicted with this
model and a foundation of theory for the design and
development of hydrogen storage alloys.
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Fig.1 Comparison between calculated and
experimental AH for hydrogen storage alloy
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Table 1 Enthalpy of hydrogen storage alloy systems ZrCryHy, ZrVyH,, and ZrMoHjy between 07
1 and 9000[,]]. Trans TMSAIME, 1967, 239: 1593 ~
- AH/(kJemol ") 1595
Alloy :
Experimental Calculated [2] Shinjiro W. Application of hydrogerr absorbing alloys to
ABO (1] secondary battery[ J]. Electric Furnace Steel, 1995, 66
ABr 1 34.03 33,151 [3] Toshiki K, Keizo O. Degradation and its mechanism of
ABy2 _ 29.20 hydrogen absorbing alloys [J]. Materia Japan, 1997, 36
(4): 298 = 301. (in Japanese)
ABy3 - ;
: 26, 12 0 [4] ZHAO Shuang, LIN Qin, CHEN Ning. The calculation
ABr4 35.78 34.89! 1 and prediction of the properties of LaNis_ M, hydrogen
ABy5 34.01 35. 82!l storage alloy [J]. Acta Metallurgica Sinica, 1999, 35
ABr6 _ 43. 34 (1): 65~ 69. (in Chinese)
. [5] YangH W, Jeng SN, Wang Y Y. Hydrogen absorption
- [11]
ABr7 45.52 45.38 and desorption characteristics of Tip 35Zro 35 Niy Voo o
ABr8 38.69 39. 4111 Mn, alloys with C14 laves phased for nickel metal hydride
ABr9 30. 69 31. 50! batteries [ J]. J Alloys Compd, 1995, 227: 69 ~ 75.
ABy 10 B 3112 [6] Shitikow V, Hilscher G, Stampfl H. Thermodynamics
and kinetics of Zr(Fe;- ,Mn,),H, and the storage com-
ABr 1l — 29.49 pound Tip sZro oMnCrH3 [J]. J Less Common Metal,
1984, 102: 29 ~33.
[7] Shaltiel D, Davidov D, Jacob I. Hydrogen absorption and
4 CONCLUSIONS desorption properties of AB, Laves phase pseudobinary
compounds [ J]. J Less Common Metal, 1977, 53: 117
1) The ratio of ra to rp, electronegativity, out- - 120.
er electrons number and effects of elements play im- [8] FujiiH, Pourarian F, Sinka V K, et al. Magnetic, crys-
portant roles on the property of the Zr based AB; type tallographic, and hydrogerrstorage characteristics of
hydrogen storage alloy, such as temperature charac Zri- xTixMn; hydrides [J]. J Phys Chem, 1981, 85:
teristic, activity, high rate discharge, cycle life and 31%2 _ 3LIT. . _ ) )
[9] Koichi M, Takayoshi S. Hydrogenation behavior of (T4,
so on. A thermal model for the enthalpy change of . :
. . . . . Zr) (Ni, Mn, X), alloys [J]. Electric Furnace Steel,
the alloy, AH is obtained and is testified with 12 Zr- 1995, 66(2): 97 - 100,
based hydrogen storage alloys. [10] Takayoshi S, Iwane N, Shinjiro W. Hydrogen absorp-
2) The predlcted values are in good agreement tion properties and electrochemical behavior of Zri_ ,
with the experimental values. The model can be used Ti,M, (M= Vo Nig.s3 Mng 3, Feg.os5) [J]. Electric
for predicting enthalpy values of Zr-based hydrogen Furnace Steel, 1995, 66(2): 101~ 104.
storage alloys and settles a foundation for experi [11]  WEN Mingfen. Practical Study on New Advanced Hy-

ments.
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