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Abstract：Discharge property is an important factor to evaluate electrode materials．The discharge

capacity of the hydrogen-storing alloys are not only influenced by its thermodynamic property hut

also closely related to its dynamic property．When the temperature changes，the degrees of inilu—

enee of the above-mentioned two factors on the discharge performance vary accordingly．As a con—

sequence，adjusting compoMtions of the alloys to make them have good discharge performance under

a relatively wide range of temperature is of great significance，On the basis of great deal of experi—

mental investigation，the optimum combination of rare earth elements in hydrogen-storing electrode

materials using at-30 55℃is determined and the relationships between the cell parameters and dis

charge performance of alloys at一30℃are discussed．Additionally，the DFEC calculation method

has been improved tO predict the discharge capae’t es，which is in good agreement with the experi—

mental ones．This is of theoretical significance in investigating new hydrogen-storing alloys of the

ABs type．
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1 Introduction

The hydrogen-storing alloy is a key negative—electrode material used in MH／Ni battery，and it is cruei—

al for the capacity，cycling life，high-rate discharge，high and low temperature performance，and self-dis—

charge．At present，the negative_electrode material used in second MH／Ni battery is mainly the AB5 type of

hydrogen—storing alloys，the parent materiaJ of which is LaNi5．However，the I，aNi5 Hx is not suitable for

using as a negative electrode material，because it has a high hydrogen-equilibrium pressure(about 0。17

MPa at 25℃)and a very short cycling life．In 1984．Willems‘1J gave a good solution to above-mentioned

two problems by pseudo-binary alloying which is characterized by using other appropriate metal atoms sub—

stituting the La Or Ni located at the 1a{tices of the alloy．Since then，the relationship between the elemental

substitute and electro—chemical properties of hydrogen—storing alloys has long been a subject to be dis—
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cussedE2，⋯，and the MH／Ni batteries，in which AB type alloy is used as negative-electrode material，have

been greatly advanced．In later 1980s，high-quality and cheap mixed RE Ni system of hydrogen-storing ma

terials。were successfully developed and massively produced，and MH／Ni batteries were industrialized in

several countries，such as Japan，Netherlands and China．Currently，further development of the MH／Ni

batteries should be characterized by high power，low cost，high capacity，and wide—range temperature．The

theoretical discharge capacity of the AB5一type hydrogen—storing alloy is about 380 mAh／g，but the dis—

charge capacity of mixed RE system hydrogen storing alloys commercially used is，nevertheless，generally

less than 320 mAh／g．Moreover，it is affected by temperature．It is stable under a temperature between

10"C and 40℃．but considerably deteriorated when temperature is greater than 45℃or less than一18℃．

To meet the wide—range temperature demand，improving the negative-electrode materials used in the batter—

ies would be crucial．In this paper，the alloy compositions are optimized by using Uniform Design Theory，

and the relations between the eell parameters，DFEC values，and the eleetro-chemical properties are dis

cussed．These are of great assistance in producing AB5 type hydrogen storing alloys with high capacities in

wide range temperature．

2 Experimental method

According Uniform Design Theory，15 AB5 hydrogen—storing alloys，Mm(NiCoMnAI)5，were de—

signed．The raw materials were based on purified metals，of which the purities of the RE are 99．5％(mass

ratio)and those of Ni，Co，Mn and A1 are all greater than 99％(mass fraction)and the alloys were pre—

pared by arc melting method under fin Ar atmosphere．The alloys were melted into button forms，which

were re—melted 4 times in order to improve the homogeneity．The resulting ingots were pulverized mechani

cally into powder below 200 mesh．And the average diameter measured by using a laser particle size analy—

zeris 53 um．

The alloy crystallographic structure was investigated by using X-ray diffraction(XRD)with the dif—

fraction power of 36 kV×20 mA and Kd Cu anticathode．The scan manner was step scanning with a step of

0．02。and a scan rate of 2。／rain．The scan scope is between 10℃and 90℃．

The electrode pellets were prepared by using the cool—pressure method，that is，0．4 g alloy powder and

1．6 g Ni powder were evenly mixed and rapped by Ni foams，and then pressed under a pressure of 10 MPa

to be a pellet ofl8mm×18mm×1．5mm．The“sandwich”methodwas usedto examinethe electro—chemi—

cal properties．and the measured temperatures were一30"C，一20℃，20℃，and 55℃，respectively．

3 ResuItS and diScussion

3．1 Relationships between discharge capacity and[-DFEC]value

The compositions of the 15 A BE—type alloys designed are listed in Table 1．It is worthy to note that

contents and proportions of the elements in side B are constant whereas contents of the three elements La，

Ce and Pr in side A evenly vary between 0 and 1(atomic fraction)，and Ch+Cc。+CPr一1．

Although the relationships between the RE compositions and the electro-chemical properties in AB5

type alloys have been studied by many researchers[‘’“．the quantitative relations are difficult to be deter—

mined because of complex interactions among the REs of the alloys．Bernauer et a1．‘”have proposed that

the hydrogen-absorbing abilities of the transition metals are related to the electronic concentrations in their

d—orbits：

H／M一5一DEC (1)
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Where H／M is atomic ratio of the hydrogen and metal elements in the hydride，and DEC is the electronic

concentration in the d-orbit，In order tO make this model suitable for multi RE system hydrogen—storing al

loys，equation(1)ean be adiusted as：

H／M一5X+7Y—DFEC (2)

DFEC=∑edlX．+EenYi (3)

Where X represents atomic fraction Of elements that may provide un-full d orbit electrons，Y is that of ele—

ments provided un—full f orbit electrons，eⅢand 8E are the un—full d and f-orbit electron numbers provided

by element i，respect rely，and X。and Y．are the atomic fractions of the elements that provide un full d and

f electrons．It has been illustrated that the DFEC value has a linear relation tO the hydrogen—equilibrium

pressure of alloys，that is，the larger the DFEC value the higher the hydrogen—equilibrium pressure[7“．

Table l Compositions of the alloys

For the AB5一type hydrogen storing alloys，the REs in side A are hydr。gell-absorbing．It has been be—

lieved that the higher La content the higher charge and discharge capacity of the alloy。‘”．In case of La sub’

stituted by Ce，Pr and Nd，the discharge capacity would decrease．However，this is only a qualitatively de—

seription，because the discharge capacity of an alloy is influenced by not only alloy’S thermodynamic per—

formance but also its kinetic property．Especially，when the temperature changes，these two properties

would have different effects．Therefore，according tO the physical meaning of the DFEC valuet we can give

minor modification for equation(3)to make it better in predicting the relationships between the eomposi—

tions of the REs in side A and the electrochemical capacity of AB5一type alloys．The modified equation is as：

[DFEC]一c。，+2Cce+3CPr／K1+4CNd／K2一K C㈣Cc ck CNd／T (4)

Here coefficients of Cl。，％mC and CNd srel，2，3／KI and 4／K2，respectively，ofwhich 1，2，3 and 4 are
the sums of d electrons in layer 0 and f-electrons in layer N for elements La．Ce，Pr，and Nd，respectively，

and K】and K2 are constants determined by the influences of elements Pr and Nd on the eell volumes and

hydrogen-absorbing abilities of alloys，respectively，wilh K【一2．5 and Kz一3；K is a constant defined by

the interaction of REs，and T represents the measuring temperature(℃>。
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Table 2 lists the calculated[DFEC]values At different temperatures for the t5 alloys studied，and the

co—variations between[DSEC]and discharge capacity at different temperatures are shown in Fig，1(a—c)．

Table 2 Calculated lorrY]values for the 15 alloys at different temperatures

As illustrated in Fig．1，although the discharge capacities of the materials are essentially linearly correlated to

the[DFEC]value at the temperatures of一30℃and 55℃．the situations，however。are different．At the tempera—

ture of一30℃the discharge capacity has a posilire linear correlation to the[DFEC]value(Fig．1(a))whereas at

the temperature of 55℃it has a negative one(Fig．1(c))．It also can been seen from Fig．1(b)that at 20℃the cor

relation between the discharge capacity and[I)FEC]value of the alloys is nol so apparent as those at 30'C and

55℃．Additionally，the discrepancy between the maximum(335 mAb／g)。and miaimum(290 mAh／g)。f the dis—

charge capacity of the 15 alloys at this temperature is not significant．

[DFEC】

0 1 2 1 4 l 6 1 8

【DFEC] 【DFEC]

Fig．1 Relationships between[DEFC]values and discharge capacities of alloys at different temperatures

(a)一30℃f(b)一20℃；(c)一55℃

3．2 Relationships between cell parameter and discharge capacity

The XRD analyses were made on the 15 alloys。and the results are 1isted in Table 3 and are shown in

Fig．2．The analyses indicate that all the 15 alloys can be indexed as AB5 type phase with CaCu5 structure，

and no other second phases have been detected(Fig．2)．Importantly，when there are more than tWO kinds

of REs in the side A of the alloys，the eell volume is not simply decreased with the reduction of La content．

At the temperature of一30℃the discharge capacity of the electrode alloys is，as shown in Figs．3(a)and

(b)，negatively lineated with the cell volume(V)and axis ratio(a／c)，except for a little irregular variation

when the eell volume(V)1S between 0．08750 nm3 and 0．08825 am3 and the axis ratio(a／c)iS about 1．24．

The eteetrochemica【capacity of AB5一type electrode alloys is closely related to its ceil volume．This is

一卜矗宅《蕾u巨8饕≈c*石一k{{_)，鲁＆8扛呈口s『5^k{)，备g导口岛；二口口。
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Fig．2 Spectrum of XRD analyses On the alloys

Fig．3 Relationships between discharge capacity and the cell volume V(a)and axis ratio“／c(b)

of the alloys at the temperature of一30℃

because that the bigger cell volume the 1arger dimension among the lattices，which would accommodate

more hydrogen atoms．Nevertheless，the discharge capacity of an electrode at low temperatures，especiallY

lower than一20℃，is mainly controlled by dynamic processes of the electrode reaction[”+⋯．In this CaSe。

the smaller the ceil volume the higher hydrogen—equilihrimn pressure of the metal hydride，which would ac—

celerate the diffusion rate of hydrogen in the metal matrix，therefore favorite tO discharge[1“．According tO

the data of Table 1 and 3，when the composition of the side B of the alloy is constant，the eelI volume(V)

and axis ratio(a／c)would be controlled by the compositions of the REs，of which elements La and Ce have

the most important effects．Since the cell volume of La is relatively large whereas that of Ce relatively

small，according tO Vegard principle，when there are only tWO REs in an alloy，increase of La content

would lead to inerease of the eell volume．but inerease of Ce would reduce it．The effect of element Pr on

the ceII volume iS generally at between those of La and Ce．When an alloy contains more than two REs，the

influenees of them on the eell volume would be very complex．In this ease，it iS difficult to evaluate the

changing trend by using contents of individual elements．

∽8
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Table 3 Cell parameters of the alloys

3．3 Relationships between discharge capacity and RE compositions

The discharge capacities of the 15 alloys studied are shown as those listed in Table 4．They do not sire—

ply increase at 20℃and 55℃or decrease at一20℃and一30℃，dith the increase of La content．In general．

to make the alloy have a relatively high discharge capacity at room temperature the atomic fraction of ele—

ment La should not be less than 0．2 but and greater than 0．5 at一20℃．The fraction of element Ce should

be greater than 0．2 at一20 oC and be not less than 0．5 at一30 DC．In addition．the alloys No．5 and 9(Table

4)have discharge capacities of 335 mAh／g and 318 mAh／g at room temperature，255 mAh／g and 260

mAh／g st一20'C，and 283 mAh／g and 273 mAh／g at 55℃，respectively．Therefore—these tWO alloys can

meet the demand of using in a wide range temperature．Both alloy No．7 and No．10 have discharge eapaei—

ties of 255 mAh／g at一30℃，and 300 mAh／g and 290 mAh／g at--20℃，317 mAh and 309 mAh／g at 20℃，

and 210 mAh／g and 220 mAh／g at 55℃，respectively．So。these two alloys have good normal-and low—

temperature properties and CaD be used as materials of lOW—temperature-type electrodes．Alloys No．1 and 2

have discharge capacities of 332 mAh／g and 322 mAh／g，300 mAh／g and 289 mAh／g at temperatures of

20℃and 55℃．respectively．and thus can be used as materials of normal—and high—temperature—type elec—

trodes．

Table 4 Discharge capacity of the 15 alloys at different temperatures

30℃

一20℃

20e

55℃

一30|c

65

80

332

300

155

89

99

322

289

255

I 44

i62

317

280

264

76

130

328

291

10a

163

255

335

283

】60

203

238

327

250

260

255

300

317

210

81

10l

189

329

295
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4 ConcIusions

(1)[DFEC]values can be used to predict discharge capacities of electrode materials，especially at low—

and high-temperature conditions，and the predicted results are in good agreement with experimentaj odes．

(2)Both the cell volume(V)and axis ratio(a／c)of the alloys are negatively proportioned with the

discharge capacity at a temperature of一30℃．

(3)The discharge capacity of ahoy(LaCePr)Ni¨Co。6Mno d5AI¨s at room temperature(20℃)is not

significantly decreased with the reduction of La content．If the RE compositions are properly proportioned，

the alloy can have relatively high discharge capacity(>310 mAh／g)when the atomic fraction of La in the

alloy is greater than 0．2．The low temperature discharge capacity of the alloy is closely related to its Ce

content，When the compositions of REs are appropriate，as long as the atomic fraction of Ce is greater than

0．2，the discharge capacity at一20"(2 will be high，and if the Ce atomic fraction is between 0．2 and 0．4，

the discharge capacities even at temperatures between一20℃and 55℃would be satisfactory：in case of a

temperature of～30℃，a higher discharge capacity can be obtained if the Ce fraction is greater than 0．5．

The high—temperature discharge capacity of the alloy is closely correlated with its La content．At a tempera—

lure of 55℃the alloy would have relatively high discharge capacity(>290 mAh／g)when the La atomic

fraction is greater than 0。25．
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