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Electrochemical and transport  properties of  La0.65Ce0.35Ni3.55Co0.75Mn0.4A10.3 electrode were investi- 
gated in alkaline solution. The exchange current density, polarization resistance and the symmetry fac- 
tor were determined from polarization curves obtained at low overpotentials. The symmetry factor 
was estimated to be 0.55 4-0.01 and is independent of the state of  charge. The equilibrium potential 
of  the electrode was found to depend upon the hydrogen content in the alloy. The constant current 
discharge technique was used to determine the hydrogen diffusion coefficient in the alloy. The esti- 
mated value of  JO/a 2 at 0.1 C discharge rate was 1.39 x 10 -4 s -1. 
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sphere radius (cm) 
relative activity for species i (mol cm -3) 
the exposed surface area of the electrode (cm 2) 
hydrogen content (atoms cm -3) r 
concentration of H20 (mol cm -3) 
concentration of OH 1 (mol cm -3) R 
the effective diffusion coefficient (cm 2 s 1) Re 
integral diffusion coefficient of hydrogen Rp 
(cm 2 s- 1) T 
equilibrium potential (V) t 
standard potential (V) tch 
electronic charge (C) x 
Faraday's constant (96 487 C equiv. -1) v 
current (A) 
current density per unit of mass (A g-a) Greek 
current density (Acm -2) /3 
exchange current density per unit of mass 3' 
(Ag -1) e 
microkinetic current density (Acm -2) r/ 
exchange current density per unit of p 
electroactive area (A cm -2) ~- 
frequency (Hz) ~-t 
constant defined by Equation 6 
(dimensionless) 
half thickness of electrode (cm) 
the total mass of the electrode (g) 
OH- reaction order (dimensionless) 

1. Introduction 

The electrochemical kinetic properties and transport 
properties of M - H  electrodes such as the polarization 
resistance, the exchange current density, the symmetry 
factor and the hydrogen diffusion coefficient are 
important parameters which characterize the perfor- 
mance of the electrode [1-6]. According to Wiswall 
[7], the maximum hydrogen content in the alloy is of 
the same order of magnitude as the host metal atoms. 
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hydrogen reaction order (dimensionless) 
H20 reaction order (dimensionless) 
the initial charge in the electrode (C g-l) 
charge remaining in the electrode after 
discharge (C g 1) 
distance from the centre of a spherical particle 
(cm) 
gas constant (8.314Jmol -1 K -1) 
electrolyte resistivity (f~ cm) 
polarization resistance (fl g) 
temperature (K) 
time (s) 
charging time (s) 
distance from the pellet surface (cm) 
sweep rate (V s l) 

symbols 
symmetry factor (dimensionless) 
activity coefficient (dimensionless) 
electrode porosity (dimensionless) 
overpotential (V) 
density (g cm -3) 
transition time (s) 
tortuosity (dimensionless) 

Subscripts 
b bulk of the electrolyte 
i electrolyte/electrode interface 
p pores of the electrode 

Yayama et al. [8] determined the dependence of the 
exchange current density of TiMnl 5H x (<0.31) as a 
function of the hydrogen content in the alloy. Noten 
and Hokkeling [9] derived a similar concentration gra- 
dient expression for exchange current density includ- 
ing in the expression the influence of electrode 
blocking on exchange current density by chemically 
adsorbed species involved in the electrochemical reac- 
tion. Austin [10, 11] derived a general equation for 
potential-time relationship for porous, flooded 
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diffusion electrode taking into account both the mass 
transport and the ohmic effects. 

In the present study the transport and electrochemical 
properties of Lao.65Ceo.35Ni3.55Coo.75Mno.4Alo. 3 elec- 
trode were investigated in alkaline solution. The 
exchange current density, polarization resistance and 
symmetry factor were determined from the polarization 
curves obtained at low overpotentials using porous elec- 
trode theory. According to Sakai et al. [12, 13] Ce, Nd 
and Pr substitutions at the A site in AB5 hydride elec- 
trodes resulted in improved capacity retention during 
cycling. Adzic et al. [14] studied the effect of increasing 
Ce content upon electrode cycle life of Lal_xCe x 
Ni3.55Coo.75Mno.4Alo. 3. It was found that the rate of 
loss of electrochemical capacity per charge/discharge 
cycle was significantly decreased due to presence of Ce 
in the alloy. Thus, Lal_xCexNi3.ssCoo.75Mno.4Alo. 3 
alloys appear to be promising hydrogen absorbing 
alloys because of their resistance to degradation. 

2. Theory 

The main electrode reactions occurring at metal 
hydride electrode are as follows: 

M + H20 + e- ,~ MHad s + OH- (1) 

MHad s ~ MHab s (2) 

and 

MHab s ~- MHhy d (3) 

where Hads, Habs, and Uhy d represent the hydrogen 
atom adsorbed on the surface, absorbed in the elec- 
trode and hydride, respectively. The microkinetic 
current density (j ') ,  that is, the current per unit of 
electroactive surface area of the electrode from 
Equation 1, can be written as [10] 

-/3F f =  jr o CH2°(P~) exp ( ~ T -  r/) 
CH20(b) 

+CoH COH- (b)(P) exp ((1R~)F ~7) ] (4) 

wherej~ is exchange current density, Ci's are the con- 
centration for species i,/3 is the symmetry factor, F is 
the Faraday constant, R is the gas constant, T is the 
temperature, and r/ is the overpotential. Subscripts 
'p' and 'b' represent the 'pore' of the electrode and 
'bulk' of the electrolyte, respectively. 

According to Austin [10, 11], assuming that (i) the 
mass transfer factors of H20 and OH- are the same 
so that CH20(p) + COH-(p ) = CH20(b) -}- COH-(b ) and 
(ii) the potential drop through the pore electrolyte is 
sufficiently small so that the overpotential is a con- 
stant r/, one may obtain the following expression for 
current density [10, 11] 

 :i0[ 
+ COH-(i) exp((1 --/3)F "~] tanh(x/-K) (5) 

CoH-(b/ \ ,7)j 

and 

K - ioLM 
A~FDH2o 

~exp[-/3Frl/RT] exp[-(1 -/3)F~I/RTI~ 

× ( CH20(b) } Con (b) J 
(6) 

Note, for convenience, the current density per unit of 
electroactive surface area ( j ' )  in Equation 6 is 
expressed in terms of current density per unit mass 
(i). A s is the cross-sectional area of the electrode, L 
is the half-thickness of the electrode, M is the total 
mass of the electrode, DH2 o is the effective diffusion 
coefficient of water. 

If ioL and the electrode polarization over- 
potential are low, then v/-K is small so that 
tanh(v/-K)/v/-K ~ 1 and the external concentration 
drops are negligible, then Equation 5 reduces to 

/ =  i0 [ - e x  p ~ ~-T- r/)//-/3F "~ + exp (-(1R~ )F r])] (7) 

which is a conventional equation for plane electrode, 
however, it may only be applied for low overpotential. 
Further, Equation 7 may be linearized as 

Ffl 
i = io R T  (8) 

and the equation for polarization resistance (Rp) may 
be written as 

R T  
Rp - Fio (9) 

Therefore, the exchange current density and polariza- 
tion resistance may be determined from the linear 
polarization curves by using Equations 8 and 9, 
respectively. However, the symmetry factor (/3) can- 
not be determined from conventional Tafel since the 
normal Tafel equation does not apply for the porous 
electrodes [10, 11, 20]. To evaluate the symmetry fac- 
tor, Equation 7 may be rewritten as 

i (- /3F~I) (10) 
exp (Frl /RT)  - 1 = io exp \ R T  J 

Taking logarithm of Equation 10, one obtains [15, 16] 

2.3RT 2.3RT [e i 1 
r? -  ~ log/0 - / 3 ~ l o g  xp(fr~[RT)-I 

(11) 

Thus, from the slope of the plot of ~ against 
log i/[exp ( F ~ / R T ) ,  1], the symmetry factor can be 
determined. Equation 11 is only valid in the low over- 
potential region [20]. 

3. Experimental details 

3.1. Preparation of  metal hydride electrodes 

The alloy La0.65Ce0.35Ni3.55Co0.75Mn0.4A10. 3 powder 
obtained from Brookhaven National Laboratory 
was passed through a 230 mesh sieve, which gave a 
particle size of less than 60 #m. Next, pellet electrodes 
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were prepared by mixing the alloy powder with 
2 .5wt% (w/o) PTFE followed by pressing the 
material between two platinum meshes in a cylindrical 
press. A pellet with a diameter of 0.8 cm and weight of 
115 mg was formed at approximately 300 °C using a 
pressure of 5 torr cm -2. A good electrical connection 
to the pellet was achieved through the following pro- 
cedure: (i) a piece of platinum wire was passed several 
times through a platinum mesh; (ii) the platinum mesh 
and the wire were then pressed together to obtain 
good electrical contact. The pellet was then inserted 
between two pieces of plexiglass holder with small 
holes on each side and immersed in the test cell filled 
with a 6 M K O H  electrolyte solution. A piece of Pt 
gauze on each side of the electrode served as a counter 
electrodes. The experiments were carried out using the 
SoftCorr System (model 342C) with a EG&G 
Princeton Applied Research potentiostat/galvanostat 
(model 273A) at 25 °C. 

3.2. Experimental procedure 

The experimental procedure was performed as fol- 
lows: after activation (by repeating charge/discharge 
cycles) the electrode was charged under a constant 
current mode until the hydrogen content reached its 
saturated value. The equilibrium potential was mea- 
sured against the Hg/HgO reference electrode. Next, 
linear polarization and a.c. impedance experiments 
were carried out. The measurements were performed 
only after the open circuit potential was stabilized 
(i.e., the change of the potential was less than 1 mV 
for a period of 1 h). The electrode was discharged 
for a certain period of time and the same measure- 
ments as above were conducted. This procedure was 
repeated until the electrode was discharged to the 
potential of -0 .6  V vs Hg/HgO reference electrode. 

4 .  R e s u l t s  a n d  d i s c u s s i o n  

4.1. Discharge characteristics 

Discharge curves for La065Ce035Ni3 55Co0 75Mn04A103 
alloy using 0.1C rate ( i - - 2 7 . 8 m A g  ~), 0.2C rate 
( i =  55.6mAg 1) and 0.5C rate (i = 139mAg 1) in 
6 M KOH are shown in Fig. 1. Assuming that six hydro- 
gen atoms are adsorbed by one formula of the alloy, the 
theoretical capacity was calculated to be 381 mA h g-1. 
The experimental capacity of the La065Ce0.35Ni35s 
Co07sMn04A10. 3 alloy is 278 m A h g  I which is about 
73 % of the theoretical capacity. Adzic et al. [14] investi- 
gated the alloys of Lal_xCexNi355Co0 75Mn04A10.3 and 
found the maximum capacity of 84, 276 and 
340mAhg  -1 for Ce content in the alloy of x = 0.75, 
0.5 and 0.2, respectively. As shown in Fig. 1 as the dis- 
charge rate increases, the state of discharge at the end 
of discharge (cutoffvoltage = -0 .6  V vs Hg/HgO refer- 
ence electrode) decreases• The observed decrease of the 
state of charge is due to the depletion of atomic hydro- 
gen from the surface of the MH particles at high dis- 
charge rates. This phenomena causes the potential to 
drop before all the hydrogen contained in the particles 
has been reacted. 

4.2. Electrochemical determination of hydrogen 
diffusion coefficient through the electrode 

Assuming that the hydride alloy particles are in sphe- 
rical form, the diffusion equation is 

O(rc) _ ~ 02(re) (12) 
Ot Or 2 

where c is hydrogen concentration in the alloy, t is 
t ime, / )  is an average (or integral) diffusion coefficient 
of hydrogen over a defined concentration range and r 
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is a distance from the centre of the sphere. The diffu- 
sion equation may be solved under two different 
boundary conditions: (i) constant hydrogen surface 
concentration and uniform initial hydrogen concen- 
tration in the bulk alloy, and (ii) constant flux at the 
surface and uniform initial concentration in the bulk 
of the alloy. Assuming constant flux at the surface 
and uniform initial concentration of  hydrogen in the 
bulk of the alloy, the value of  D/a 2 may be evaluated 
for large transitions times, -/[17, 18]: 

a 2 15 ~- 

where a is the alloy particle radius, Q0 is the initial spe- 
cific capacity (Cg -1) and i is the discharge current 
density (A g-l)  and ~- is the transient time (s), that is, 
the time required for the hydrogen surface concen- 
tration to become zero. The ratio Qo/i corresponds 
to the discharge time necessary to completely dis- 
charge the electrode under hypothetical conditions 
when the process proceeds without interference of 
diffusion. Rearranging Equation 13, gives 

i a 2 
Q1 = Q0 - -ri - 15 / )  (14) 

where Q1 is charge of  hydrogen left in the electrode 
when the hydrogen surface concentration is zero. 
According to Equation 14, the hydrogen content left 
over in the electrode after discharge is proportional 
to the discharge current and to the square of particle 
size and is inversely proportional to the diffusion 
coefficient. 

The galvanostatic discharge curves presented in 
Fig. 1 were replotted in Fig. 2 in real time. The dis- 
charge experiments were terminated at a potential of 
-0 .6  V vs Hg/HgO. To evaluate the diffusion coeffi- 
cient using Equation 13 it is necessary to estimate 

the transition time ~-. As shown in Fig. 2, after a cer- 
tain period of time, a drastic potential change 
occurred to compensate the hydrogen surface concen- 
tration decreasing in order to keep a constant current. 
The terminated times in Fig. 2 were taken as the tran- 
sition times. Thus, the knee in the discharge curve was 
assumed to be caused by depletion of  hydrogen atoms 
at the surface of  the electrode. However, one may 
speculate that the knee in the potential-time curves 
may also occur due to the porous nature of the elec- 
trode. In other words due to pore resistance, the reac- 
tion rate is higher at the surface of the electrode 
causing faster depletion which will result in a potential 
change in the polarization curve. However, the local 
hydrogen depletion would be possible only if the 
potential drop due to the pore resistance is significant. 
The potential drop due to the pore resistance may be 
expressed as 

A t / =  i s 7-tRe x (15) 
e 

where At/ is the potential drop, is is the current 
density (Acm 2), Re is the electrolyte resistivity 
(Re = 1.56f~cm for 6M K O H  [21], e is the electrode 
porosity (0.4) which was calculated from the total 
mass, pillet thickness and the alloy and binder 
densities, ~-t is the tortuosity (~-t = 2) and x is the 
distance from the pellet surface (cm). The discharge 
current density was i = 27.8 mA g-1 (approximately 
0.1mAcro-2). Taking into account that current 
collectors are on each side of the pellet, one may esti- 
mate the potential drop by substituting the half thick- 
ness of the pellet into Equation 15, which gives 

A~7 = (0"1 c ~ 2 )  (-2 x 1"56 ~2 cm)  ( ° ° 5 ~  cm ) 0.4 

= 0.02 mV (16) 
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Thus, the maximum potential drop due to the pore 
resistance from the electrode interface to the centre 
of the pellet is about 0.02mV, which is negligible 
and indicates that local hydrogen depletion is not 
possible. 

The estimated transition times were 35520s, 
17 100s and 5092s, respectively. The initial charge 
in the electrode, Q0 was 1008Cg -1, (278mAhg-1). 
Thus, the calculated values of D/a 2 using 
Equation 13 were: 1.39 x 10-4s -1, 7.41 x 10-Ss, 
and 3.16 x 10 -5 s -1, respectively. The value calculated 
from the curve obtained at 0.1 C rate is closer to the 
actual value of D/a 2 because of the following facts: 
(i) Equation 13 is valid for large transition times 
[17, 18] and (ii) since the time at the cutoff potential 
(-0.6 V vs Hg/HgO) was taken as transition time, it 
is not correct to assume that at this time the hydrogen 
concentration on the surface will reach a value which 
is close to zero for each of the above discharge rates. 
This can be seen clearly from Fig. 1. The curve 
obtained at discharge rate of 0.1 C rate shows steeper 
slope than the other two curves, which indicates that 
at cutofftime, the hydrogen concentration on the elec- 
trode at this rate was closer to zero than at the other 
two discharge rates. The charges remaining in the elec- 
trode after discharge for ~- seconds were estimated to 
be 293 C g-l, 50 C g-1 and 13 C g 1 for discharge rates 
of 0.5 C rate, 0.2 C rate and 0.1 C rate, respectively. 

4.3. Dependence of equilibrium potential on state of 
charge 

The equilibrium potentials (Ee) as a function of state 
of charge in the electrode is presented in Fig. 3. The 
state of charge is defined as a ratio between the 
amount of charge in the electrode and measured maxi- 
mum possible charge in the electrode. As shown in this 
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Figure, two phases exist in the alloy. When the state of 
charge of the electrode is less than 25%, the equili- 
brium potential of the electrode changes rapidly 
with the hydrogen content in the alloy. This region, 
so-called c~ phase, or a solid solution phase [19]. 
According to Yayama [8], the metal hydride electrode 
equilibrium potential depends upon the hydrogen 
content in the electrode according to 

Ee = E ~ -  n~F~{ln~/+ lncH} (17) 

where 7 is the activity coefficient of hydrogen, n is 
hydrogen reaction order and El  = E ° +  (RT/F)In 
(a~2o/a~o H ). Although the activity coefficient is 
unknown, it is reasonable to assume that 7 
approaches unity in the limiting case when the hydro- 
gen content approaches zero. Thus, Equation 17 may 
be applicable only at very low hydrogen content in the 
alloy (i.e., in the c~ phase). The concentration of 
hydrogen atoms, cH, can be calculated by using Fara- 
day's law if the amount of charged supplied during the 
charge period is known: 

cH(atomscm -3) = I(A)tch(S)p(gcm 3)/e-(C) (18) 

where e- is the electronic charge and tch is the charg- 
ing time. The equilibrium potential measured as a 
function of state of charge in Fig. 3 agrees qualita- 
tively at low state of charge with the predictions of 
Equation 17. Equation 17 includes E l which is 
affected by changes in the structure of the double layer 
and surface specific chemisorption and 3' which is not 
constant (and is not equal to unity at higher state of 
charges). Thus, both parameters may contribute for 
the observed qualitative relationship in Fig. 3. 

Increasing the hydrogen content in the electrode, 
the equilibrium potential as shown in Fig. 3 reaches 
a plateau. At this region, two phases o~ and/3 (hydride 
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Fig. 3. Equ i l i b r ium po ten t i a l  of  the elec- 
t rode  as a funct ion  of  s ta te  of  charge.  
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phase) coexist. When only/3 phase exists in the alloy 
(at about 80% state of charge), the equilibrium poten- 
tial starts to increase again with the increase of hydro- 
gen content in the alloy and at 100% state of charge 
reaches a value of -0.934V vs Hg/HgO reference 
electrode. 

4.4. Linear polarization studies 

The potential loss of the electrode according to Equa- 
tion 8 is due to the charge transfer overvoltage and 
increases with current density. Accordingly, the 
exchange current density should be as large as possible 
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Fig. 4. Typical linear polarization curves of 
the electrode. Scan rate: 10mVs -1. States 
of charge: (O) 100%, ( I )  90%, (A) 58% 
and (©) 11%. 

to reduce the charge transfer overvoltage and the cor- 
responding potential loss. Thus, estimation of 
exchange current density gives information about 
the performance of the electrode material. According 
to our previous studies [20], conventional Tafel polar- 
ization method cannot be applied to estimate the 
exchange current density for porous metal hydride 
system due to presence of internal mass transfer effects 
and internal ohmic drop of the electrode. Thus, in the 
present study, both the exchange current density and 
symmetry factor of Lao.65Ceo.35Ni3.55Coo.75Mno.4Alo. 3 
alloy were evaluated from polarization curves 
obtained at low overpotentials. 

0'.. 

i I i 

80.0 
I I 

100 .0  
Fig. 5. Exchange current density of the elec- 
trode as a function of state of charge. 
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Typical linear polarization curves obtained for 
La0.65Ce0.35Ni3.55Co0.75Mn0.4A10. 3 alloy at different 
states of charge are presented in Fig. 4. If a potentio- 
static method were used, the corresponding current 
would never reach stationary state until the electrode 
is saturated due to the fact that the hydrogen is 
adsorbed continuously and because the equilibrium 
changes with time. However, we carried out linear 
polarization experiments using the potentiodynamic 
method which eliminated the problem. Initially, the 
polarization experiments were carried out at different 
scan rates (100, 10 and 1 mVs-1). Over this range of 
scan rates no obvious changes in the polarization 
curves were observed indicating that the linear polar- 
ization curves reached pseudo-stationary state. There- 
fore, in this study a scan rate of 10mVs 1 was used to 
carry out the linear polarization experiments. 

The exchange current density were estimated using 
Equation 8 at different states of charge on the electrode 
and are presented in Fig. 5 as a function of state of 
charge. As shown in Fig. 5, the exchange current density 
increases with decreasing the hydrogen content in the 
alloy and reaches a maximum value at approximately 
15 % state of charge. Then, the exchange current density 
starts to decrease with decreasing the hydrogen content 
in the c~ phase region of the alloy. 

EIS data were obtained with PAR (model 273A) 
potentiostat/galvanostat and a frequency analyser. 
Data were stored and analysed using PAR (M398) 
software on an IBM PC/2. The impedance data gener- 
ally covered the frequency range from 0.001 Hz to 
100kHz with an a.c. voltage signal varying by 
± 5mV, which ensured the electrode system to be 
under minimum perturbation. This technique under 
zero current conditions, enables determination of 
the polarization resistance and the ohmic resistances 

(s 

(resistance related to alloy particle contact and 
contact resistance between the current collector and 
the pellet). Typical Bode plots obtained for different 
hydrogen contents in the alloy are presented in Fig. 6. 

Two equivalent circuits were used in the literature 
to fit the porous electrode systems [19, 22]. The first 
equivalent circuit [22] includes a constant phase ele- 
ment (CPE) and is used to describe an approximate 
straight line behaviour over a limited frequency range. 
A CPE arises from the presence of inhomogeneities in 
the electrode system and can be described in terms of a 
distribution of relaxation times, or it may arise from 
nonuniform diffusion whose electrical analog is an 
inhomogeneous distributed RC transmission line [22]. 

In this study the equivalent circuit of Kuriyama 
et al. [19] was used to fit our EIS data and evaluate 
the polarization resistance. The fitting was carried 
out using ZVIEW Software (Scribner Associates, 
Inc.) which is based on the LEVM 6.0 program 
written by J. Ross Macdonald. 

Calculated polarization resistances using Equation 
9 as a function of state of charge in the alloy are pre- 
sented in Fig. 7. As shown in Fig. 7, the polarization 
resistance increases with increasing of the hydrogen 
content in the electrode except at low hydrogen con- 
tent region. In Fig. 7 the polarization resistances 
obtained from the EIS data were compared with the 
data obtained from linear polarization method. 
Good agreement exist between these two methods 
when used to estimate the polarization resistance for 
porous hydride electrode. 

To evaluate symmetry factor by using Equation 11, 
the linear polarization curves in Fig. 4 were 
replotted accordingly in Fig. 8. From Fig. 8 it can 
be seen that linear relationships exist between rl and 
log i / [ e x p ( F ~ / R T ) -  1], and the slopes are 106- 
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Fig. 7. Polarization resistance of the electrode 
as a function of state of charge. Key: (@) linear 
polarization; (D) EIS. 

110 mV decade -] . The symmetry factor was evaluated 
to be 0.55 -4- 0.01. 

5. Conclusion 

Transport and electrochemical properties of La0.65 
Ce0.35Ni3.55Co0.75Mn0.4A10. 3 electrode were investi- 
gated in alkaline solution. The exchange current den- 
sity, polarization resistance and symmetry factor were 
determined from the polarization curves obtained at 
low overpotentials. The experimental capacity of the 
alloy was estimated to be 278 mA h g-1 which is about 

73% of the theoretical capacity. It was found that as 
the discharge rate increases, the state of discharge at 
the end of discharge (cutoff voltage = -0.6 V vs Hg/ 
HgO reference electrode) decreases. This phenomena 
is due to the depletion of atomic hydrogen from the 
surface of the M - H  particles at high discharge rates 
which causes the potential to drop before all the 
hydrogen contained in the particles has been reacted. 
The charges remaining in the electrode after dischar- 
ging at different discharging rates were estimated to 
be 293, 50 and 13 Cg -1 for discharge rates of 0.5 C, 
0.2C and 0.1 C, respectively. The constant current 
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Fig. 8. Dependence of E upon 
i/[exp (r jF/RT) - 1]. States of charge: (O) 
100%, (ll) 89.5%, (A) 57.9% and (©) 
10.5%. 
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discharge technique was used to determine the hydro-  
gen diffusion coefficient in the alloy. The estimated 
value o f  D / a  2 at 0.1 C rate was 1.39 x 10-4s 1. It  

was found  that  the equilibrium potential  o f  the elec- 
t rode depends upon  the hydrogen content  in the alloy. 
When  the state o f  charge o f  the electrode is less than 
25% (c~ phase), the equilibrium potential  ( -0 .903  V 
vs H g / H g O  reference electrode) shifts in cathodic 
direction with the increase of  the hydrogen content  
in the alloy. With  further increase o f  the hydrogen 
content  in the electrode, the equilibrium potential  
reaches a plateau. At  this region, two phases a and 
/3 (hydride phase) coexist. When  only the /3 phase 
exists in the alloy (at about  80% state o f  charge), 
the equilibrium potential  starts to increase again 
with increase of  hydrogen content  and at 100% state 
of  charge reaches a value o f  - 0 . 9 3 4 V  vs H g / H g O  
reference electrode. The polar izat ion resistance, 
exchange current  density and the symmetry  factor  of  
the alloy were estimated f rom polarizat ion curves 
obtained at low overpotentials.  The symmetry  factor  
was estimated to be 0.55 4-0.01 and is independent  
o f  the state o f  charge. 
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