
-1- 

Effect of milling time on electrochemical properties of 

CaNi4.8Mg0.2 anode material of Ni-MH battery 

Imen Karaoud1, Youssef Dabaki1,2 , Yassine Ben Belgacem1, Chokri Khaldi1, 

Omar ElKedim3
, Nouredine Fenineche4, Jilani Lamloumi1 

1 Université de Tunis, ENSIT, LR99ES05, 1008 Montfleury, Tunisia  

2 Laboratoire de Physico-Chimie de l'Atmosphere (LPCA), Université du Littoral Côte d'Opale (ULCO), EA 

4493, 59140 Dunkerque, France  

3 FEMTO-ST, MN2S, UTBM, UBFC, 90010 Belfort Cedex, France. 

4 ICB-PMDM/FR FCLAB, UTBM, UBFC, 90010 Belfort Cedex, France 

Correspondence 

Youssef Dabaki, Université de Tunis, ENSIT, LR99ES05, 1008 Montfleury, Tunisia 

Email: dabakiyoussef@gmail.com  

Abstract Recently, due to the rapid advances in hydrogen storage research and Ni-MH 

rechargeable batteries, great attention has been given to the development of more efficient 

hydride alloys used in negative electrodes. Among these hydrogen storage materials, metal 

hydrides of type AB5, particularly LaNi5, are the most extensively studied in previous 

research works. However, CaNi5 alloy is a good alternative because of its low cost, great 

availability, excellent kinetic properties and high hydrogen storage capacity. This study 

focuses on CaNi4.8Mg0.2 alloy used as the negative electrode of Ni-MH batteries. In the 

performed experiments, CaNi4.8Mg0.2 were synthesized through mechanical alloying using a 

Retsch PM400 ball mill for different milling times of 30, 40, 50 and 60 hours with a 

ball/powder weight ratio of 8:1 and under an argon atmosphere. The main objective of the 

current research work is to investigate the effect of milling time on the structural, 

morphological and electrochemical properties of the CaNi4.8Mg0.2 alloy. Electrochemical 

properties are examined employing various methods, such as galvanostatic and 

potentiodynamic polarization, at room temperature and in a KOH 6M electrolyte. The 

obtained results demonstrate that CaNi4.8Mg0.2 alloy, with a milling time of 30 hours, 

exhibited the highest discharge capacity, the greatest reversibility and the best kinetics, 

compared to the alloys milled for 40, 50 and 60 hours. 

Keywords CaNi4.8Mg0.2 type alloy, Mechanical alloying, Ni-MH Battery, Electrochemical 

polarization technique 
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1. Introduction 

The manufacturing and use of the electronic devices, including laptops, electric vehicles and 

cell phones, have increased dramatically in the last decades (Ref 1,2). Moreover, the 

escalating air pollution levels and stricter emission standards imposed on combustion vehicles 

have led to a growing interest in electric and hybrid vehicles (Ref 3,4). Though various 

modern batteries, such as lead-acid battery, Ni-Cd battery and Li-ion battery, were developed 

(Ref 5-9), none of them are efficient, cost-effective, safe and eco-friendly (Ref 10). To meet 

these new demands, Ni-MH batteries were produced and became the most commonly used 

thanks to their excellent discharge capacity, long lifespan and eco-friendly properties (Ref 11-

13). They have been developed and marketed, since the 1990s (Ref 14,15), and have become 

a key component of advanced information and telecommunications systems as well as the 

next generation of hybrid or fully-electric vehicles (Ref 16,17). In fact, their performance 

depends not only on that of the active materials in the negative electrode (Ref 18), but also on 

the procedure of producing the latter (Ref 19). In this context, several manufacturing methods 

were introduced in the literature and used in many studies (Ref 20-22). For instance, 

mechanical alloying is commonly employed to synthesize metal hydrides (Ref 23-25). This 

simple and cost-effective technique offers numerous advantages including easy and controlled 

synthesis (Ref 26). Moreover, metal hydrides have been utilized in rechargeable batteries for 

hydrogen storage (Ref 27, 28). In such batteries, the hydrogen atoms are stored, by the 

following compound types AB5 (Ref 29, 30), AB3 (Ref 31, 32), AB2 (Ref 33, 34), AB (Ref 

35, 36) and A2B7 (Ref 37, 38) in the solid material at interstitial positions (Ref 39). In fact, the 

AB5 type is the most widely popular and extensively studied compound. It crystallizes in the 

hexagonal structure of the CaCu5 type in the space group P6/mmm (Ref 40, 41, 42). It has 

storage capacity of about 1.5 wt%, using the solid-gas method (Ref 43), and electrochemical 

discharge capacity of 370 mAhg-1 (Ref 44, 45). The AB5 type alloy is known by its capability 
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to easily substitute compounds A and B with other elements (Ref 46). In fact, A is usually 

lanthanum that may be partially or entirely substituted with Yttrium (Y) (Ref 47), Calcium 

(Ca) (Ref 48), Mischmetal (Mm) (Ref 49), Cerium (Ce) (Ref 50) or Zirconium (Zr) (Ref 51). 

However, B is frequently nickel which can be substituted with several transition elements 

(Ref 52) such as Aluminum (Al) (Ref 53), Manganese (Mn) (Ref 54), Zinc (Zn) (Ref 55), Tin 

(Sn) (Ref 56), Fer (Fe) (Ref 57) and Cobalt (Co) (Ref 58). A. Merzouki et al. (Ref 59) carried 

out a comparative study of the compounds LaNi3.55Mn0.4Al0.3Co0.75, LaNi5, and its mono-

substituted derivatives. From the obtained findings, the authors proved that the tri-substituted 

compound exhibited the highest stability and longest lifetime, compared to the three other 

compounds. Due to the considerably high cost of lanthanum (La), it can be completely 

replaced by calcium (Ca). In addition, the CaNi5 compound possesses a theoretical discharge 

capacity of 482 mAhg-1 surpassing that of LaNi5 (372 mAhg-1). Therefore, it is possible to 

enhance the performance of the metal hydride LaNi5 by replacing lanthanum with calcium 

(Ref 60). The CaNi5 compound is also characterized by its high electrochemical discharge 

capacity albeit and limited cyclic stability (Ref 61). Attempts have, therefore, been made to 

improve the hydrogen storage properties of CaNi5 by partially substituting Ca and/or Ni with 

other elements. For example, J.O. Jensen et al. (Ref 62) investigated the impact of substituting 

Ni, in the basic CaNi5-compound, with various metals (Al, Cr, Mn, Co, Fe, Cu, Zn, Sn and 

Mg) at two substitution rates x=0.5 and 1. Their findings reveal that all the electrodes were 

easily activated. It was also observed that only the CaNi5-xMx (M= Cu, Zn, and Mg) 

electrodes preserved the same discharge capacity as CaNi5. The CaNi5-xMx (M= Zn and Mg) 

electrodes showed superior electro-chemical discharge capacity of 100 mAhg-1 and enhanced 

stability, compared to CaNi5. Besides, partial substitution of the nickel allows for maintaining 

its main characteristics such as high electro-chemical discharge capacity, outstanding cyclic 

stability, rapid atomic hydrogen diffusion within the lattice and long lifetime (Ref 63). G.liang 



-4- 

et al. (Ref 64) explored the influence of partial substitution of CaNi5 by Mm, Zn, and Al on 

the electro-chemical properties. They demonstrated that the combination of the substitution of 

Ca with Mm and that of Ni with Zn and Al significantly strengthen electrode stability. 

Nevertheless, it was proven that the substitution of Zn and Al does not necessarily prevent the 

degradation of the electrode and the reduction of its electrochemical discharge capacity. S. 

Chumphongphan et al. (Ref 65) compared the hydrogen storage properties of CaNi5-xMx 

(M=Mo, Al) compounds for x= 0.1 and 0.2 with that of the CaNi5 compound. Indeed, all the 

used electrodes had higher maximum discharge capacities than CaNi5 and only the cycling 

stability of the CaNi4.9Al0.1 electrode was improved. Y. Dabaki et al. (Ref 66,67) studied the 

CaNi5-xMnx (x=0.3, 0.5, 1) compound elaborated by mechanical alloying at different milling 

times (2, 10, 20, 30, 40, 50 and 60h). The electro-chemical results indicated that, for the three 

substitutions x=0.3, 0.5, 1, the maximum discharge capacities, which were respectively equal 

to 125, 119 and 109 mAhg-1, were obtained at a milling time of 40h.  

Within the same framework, the current work is an extension of a previous study (Ref 68) 

focusing on the CaNi4.8Mg0.2 compounds prepared for 40h of mechanical milling and 8:1 ball-

to-powder weight ratio. It analyzes the structural, morphological and electro-chemical 

properties of CaNi4.8Mg0.2 compounds at different milling times 30, 40, 50 and 60 h.  

2. Experimental 

2.1 Synthesis and characterization of CaNi4.8Mg0.2 (30, 40, 50 and 60 h) powders  

Mechanical alloying is a technique applied to process homogeneous powdered materials 

through the fracturing of particles by shock. It is also used to produce powders with sizes up 

to tens of nanometers, simultaneously creating supplementary active sites to enhance 

hydrogen penetration (Ref 69). In the conducted experiments, CaNi4.8Mg0.2 powders were 

obtained by the mechanical alloying method using a Retsch PM400 high-energy planetary 

ball mill with 400 rpm angular speed at different milling times (30, 40, 50 and 60h) and at a 

ball-to-powder weight ratio of 8:1 in an argon atmosphere and at room temperature. After the 
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synthesis of the powders, structural and morphological characterization was performed using, 

respectively, Bruker D8 Advance XRD with Cokα radiation (λ = 1.789 Å) and scanning 

electron microscope SEM JEOL JSM -5800LV. 

2.2 Electro-chemical characterization of CaNi4.8Mg0.2 (30, 40, 50, 60h) electrodes  

2.2.1 Preparation of the working electrode and the electro-chemical cell  

The electro-chemical characterization of the CaNi4.8Mg0.2 (30, 40, 50, 60 h) negative 

electrodes was carried out employing the electro-chemical device Galvanostat-Potentiostat 

Ec-Lab system (BiologicTM). The utilized electro-chemical cell was connected to the device 

through its three electrodes: a working electrode (negative electrode), an auxiliary electrode 

(positive electrode), formed by a coiled nickel wire to increase its surface, and a reference 

electrode (Hg/HgO) replete with potassium and employed to assess its equilibrium potential. 

All the electrodes were immersed in a 6M KOH electrolyte. Then, the metal hydride electrode 

(working electrode) was prepared utilizing the so-called ‘Latex’ technique (Ref 70,71). 

Firstly, 90% of the alloy powder was mixed with 5% of black carbon in order to increase the 

electronic conductivity of the electrode. It was noticed that 5% of fine particles of 

polytetrafluoroethylene (PTFE) acted as a mechanical binder to make the electrode elastic. 

Afterwards, the whole mixture was wetted with ethanol and agitated until obtaining a paste. 

The latter was spread with a glass roller several times until the ethanol evaporated and a paste 

was formed (latex) (Ref 72). Finally, once the paste dried under vacuum for 24 hours at room 

temperature, the formed "Latex" was into pieces. Subsequently, the latter were compressed on 

both sides of the nickel grid acting as a current collector, to 0.5 cm², to form the working 

electrodes. The wire ensuring the electrical contact between latex and the circuit was made of 

nickel. 



-6- 

2.2.2 The different electro-chemical characterization techniques 

Galvanostatic polarization entails the application of a constant current between the working 

electrode and the auxiliary one during the charge/discharge cycles to measure the potential 

between the working and the reference electrodes as a function of time. 

The true charge capacity was not experimentally accessible because the cell was open, which 

made it impossible to determine the amount of monoatomic hydrogen inserted into the 

negative electrode, which is competitive with the quantity of the released hydrogen gas. 

- Charge reaction: 

𝑀 + 𝐻2𝑂 + 𝑒− → 𝑀𝐻 + 𝑂𝐻−          (Eq 1) 

- Hydrogen release: 

𝐻2𝑂 + 𝑒− →
1

2
𝐻2 + 𝑂𝐻−                  (Eq 2) 

During discharge, no outgassing was observed and the electrochemical discharge capacity 

was measured according to the discharge reaction written below: 

𝑀𝐻 + 𝑂𝐻− → 𝑀 + 𝐻2𝑂 + 𝑒−         (Eq 3) 

By using the chronopotentiogramm, the discharge capacity of the negative electrode at each 

cycle was determined applying the following equation: 

𝐶𝑡ℎ(𝑚𝐴ℎ 𝑔) = 𝑖(𝑚𝐴).
𝑡(ℎ)

𝑚(𝑔)
⁄          (Eq 4) 

m: Mass of the alloy in the negative electrode (g), 

i: Discharge current (mA), 

t: Discharge time (h). 

Potentio-dynamic polarisation involves applying a potential Eapp ranging from -0.6 to -1.3 V, 

on the working electrode and vice versa, and varying linearly with time at a slew rate 

v=1mVs-1, according to the following equation: 

𝐸𝑎𝑝𝑝 = ±𝑣𝑡 + 𝐸𝑖           (Eq 5) 
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The obtained voltammogram was based on the theoretical Butler-Volmer equation expressed 

as a function of the anode and cathode current: 

𝐼 = 𝐼0[exp(𝑏𝑎(𝐸𝑎𝑝𝑝 − 𝐸0)) − exp (𝑏𝑐(𝐸𝑎𝑝𝑝 − 𝐸0))]     (Eq 6) 

where ba and bc are the anodic and cathodic Tafel constants, respectively; E0 is the Nernst 

potential (V) and I0 denotes the exchange current density (A g-1). These parameters were 

determined by applying Stern's first rule on the voltamograms, I=f(Eapp), to provide the Tafel 

curve, logI=f(Eapp) 

3. Result and discussion 

3.1 Structural and morphological characterization of CaNi4.8Mg0.2 (30, 40, 50 and 60 

h) powders  

3.1.1 Structural characterization 

Figure 1 shows the XRD patterns of the CaNi4.8Mg0.2 powder at different milling times (30, 

40, 50 and 60 h). 

These patterns were refined utilizing X’Pert High Score software. This refinement allowed 

identifying the existing phases of CaNi4.8Mg0.2 powders and determining the lattice 

parameters and the average crystallite size which are presented in Table 1. 

Table 1 shows the various crystallographic parameters of the CaNi4.8Mg0.2 powders obtained 

at 30, 40, 50 and 60 h milling times. 

For 30 h of milling (Fig. 1a), the XRD pattern reveals the presence of two main phases Ni 

(cubic) and CaNi5 (hexagonal) located, respectively, at the following positions 51.99°, 60.8°, 

91.40° and 24.74°, 36.75°, 42.92°, 51.99° 57.23°. The presence of the CaNi5 phase was due 

to the dissolution of Ni atoms (atomic radius = 1.4Ȧ) in the Ca lattice (atomic radius =1.8 Ȧ) 

(Ref 73,74). Previous studies dealing with the effect of milling time on CaNi5-based alloy 

demonstrated that the appearance of a strong halo peak between the 30° <2θ < 55° position 

indicated the formation of an amorphous phase and the nanocrystalline nickel phase (Ref 75, 

76). Additional investigations revealed that, within the timeframe ranging from 10 to 40h of 
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milling, a continuous decrease in peak intensity coupled with the broadening of its width was 

observed, suggesting a partial amorphization process (Ref 74,77). 

The continuous milling during 40, 50 and 60h (Fig. 1b, c, d) showed similar phases of Ni and 

CaNi5. A progressive shift of the principal diffraction peaks towards the highest angular 

positions 51.74°, 51.85°, 52.02° and 52.08°, respectively, as well as an increase in intensities 

and a reduction in peak broadening were observed at 30, 40, 50 and 60h milling times. 

During the milling process, a temperature increase, attributed to the contact between the balls 

and the powder and leading to the inversion of energy kinetic in the balls into heat, was also 

noticed. Moreover, the prolonged milling time resulted in a progressive temperature rise, 

promoting the emergence of a crystalline phase (Ref 78,79). Therefore, the partial 

amorphization process was followed by crystallization.  

Using Scherrer method, it was found that, as the milling time increased from 30h to 60 h, the 

average crystallite size of Ni and CaNi5 decreased gradually from 11.8 to 4.1 nm and from 

7.5 to 3.2 nm, respectively. 

 3.1.2 Morphological characterization 

Figure 2 exposes the morphology of CaNi4.8Mg0.2 (30, 40, 50 and 60 h) powders. 

SEM observation is used to visualize the size and distribution of the powder particles. 

During 30 h milling time, the micrograph of the powder reveals the existence of 

agglomerates with an average particle size of 27 µm. By increasing the milling time to 40 h, 

the average particle size decreases to almost 22 µm, indicating that the milling process 

achieved a fracturing stage on the agglomerated powder to form fine particles. The longer 

the milling time was, the more homogeneous the morphology. During 50 and 60 h milling 

times, the particle size is respectively equal to 22 and 20 µm and the agglomerates gradually 

take on a rounded shape. Moreover, the particle size remains remarkably consistent and 
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relatively stable due to the achievement of a certain equilibrium state during this milling 

stage. 

Figure 3 shows the histogram of the average particle size distribution of CaNi4.8Mg0.2 (30, 40, 

50 and 60 h) powders. 

In this histogram, the bars represent the number of particles classified according to the 

average particle size. It contains into 7 classes. The most frequent size class, of all powder, is 

between 0 and 20µm. However, the second class, includes between 25 and 15 particles whose 

size ranges between 20 and 40µm. Obviously, the number of particles continues to decrease 

in the other size classes until it reaches the last size class, which is the least frequent and 

contains only one particle with a size of 220 µm. 

Figure 4 shows the EDX pattern of CaNi4.8Mg0.2 (30, 40, 50 and 60 h) powders. 

This quantification enabled the identification of the elements present in CaNi4.8Mg0.2 

powders. It can be deduced that the chemical composition of all elements of Ca, Ni and Mg 

powders is almost similar to the nominal composition of CaNi4.8Mg0.2 (30, 40, 50 and 60 h) 

powders (Table 2). 

3.2 Electro-chemical characterization of CaNi4.8Mg0.2 (30, 40, 50, and 60h) electrodes  

3.2.1 Activation, cycling performance and polarization 

Figure 5 shows the evolution of the discharge potential as function of the electro-chemical 

discharge capacity of CaNi4.8Mg0.2 electrode at different milling times (30, 40, 50 and 60h). 

In the electro-chemical cycling, the metal compound was activated when its discharge 

capacity reached its maximum value, its half-discharge potential remained constant and its 

polarization became minimal (Ref 80).  

During the repetitive charge-discharge cycles, the negative electrode will be activated, i.e., it 

will be fragmented and cracked thus increasing the active surface that facilitates the 
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absorption and desorption of hydrogen. The electrode surface was rapidly activated, which 

showed its efficiency in hydrogen absorption/desorption reactions (Ref 81). 

The CaNi4.8Mg0.2 (30h) electrode was activated during the 3rd cycle. However, the 

CaNi4.8Mg0.2 electrode milled during 40, 50 and 60h, required only one cycle to be activated. 

Indeed, the obtained maximum discharge capacities were about 118 mAhg-1 (3rd cycle), 87 

mAhg-1 (1st cycle), 84 mAhg-1 (1st cycle) and 53 mAhg-1 (1st cycle) at 30, 40, 50 and 60 h 

milling times, respectively. 

Figure 6 represents the evolution of the electro-chemical discharge capacity as a function of 

the number of the charge/discharge cycles at different milling times. It was noticed that, after 

activation, the maximum discharge capacity decreased progressively with the increase of 

number of cycles due to the degradation of the active material. This decline led to the 

reduction of the interstitial sites of hydrogen insertion (Ref 82). 

Table 3 summarizes the electrochemical cycling results, including the maximum discharge 

capacity (Cmax), the capacity at the 50th cycle (C50) and the loss of capacity (S50(%)). The loss 

of capacity is determined according to the following equation: 

𝑆50(%) = (
𝐶𝑚𝑎𝑥−𝐶50

𝐶𝑚𝑎𝑥
) ∗ 100         (Eq 7) 

It reveals that the variation of the maximum discharge capacity has the same tendency as the 

stability cycles (i.e., they both decrease with the increase of the milling time). In other words, 

the rise of the milling time from 30 to 60 hours increased the active surface area of the 

compounds. It became more exposed to the aggressive 6M KOH electrolyte, which 

accelerated its oxidation and led, subsequently, to the formation of an oxide layer (Ref 83).  

The reversibility of the charging and the discharging reaction of the CaNi4.8Mg0.2 electrodes 

during 30, 40, 50, and 60 h deteriorated during cycling. Indeed, the polarization increased 

progressively from 40, 168, 274 and 246 mV at the first cycle of activation to 200, 259,423 

and 334 mV at the 50th cycle, respectively for 30 h, 40 h, 50 h and 60 h milling times (Fig. 7). 
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As a consequence, good reversibility reaction of the CaNi4.8Mg0.2 electrode was obtained at 

30h milling time which is in good agreement with its electro-chemical properties. 

3.2.2 Kinetic parameters: current density and Nernst potential 

Figure 8 shows the evolution of some typical experimental and theoretical Tafel curves 

during the cycling of CaNi4.8Mg0.2 (30, 40, 50 and 60 h) electrodes. These curves were 

determined at a slew potential rate of 1 mV s-1. 

The kinetic properties of CaNi4.8Mg0.2 (30, 40, 50, 60h) electrodes during long cycling were 

defined by the potentio-dynamic method (Ref 84,85). They were studied by applying a linear 

potential of 1mVs-1 on the negative electrode. Then, the voltamogrammes, I = f(E) was 

determined after every five charging and discharging cycles. Afterwards, the obtained 

voltamograms were processed by Ec-Lab software utilizing Stern’s first method to plot the 

Tafel polarisation curves, log|I| = f(Eapp). 

During the first activation cycles, the Tafel curves moved towards the positive potential where 

hydrogen insertion into the electrode became easier. In fact, the values of the potential of the 

CaNi4.8Mg0.2 (30, 40, 50, 60 h) electrodes in the first cycle were about-921, -835, -842, -899 

mV, respectively. However, in the 20th cycle, the potential values were almost equal to -915, -

831, -812 and -762 mV, respectively for the CaNi4.8Mg0.2 (30, 40, 50, 60 h) electrodes. After 

activation, the curves shifted towards less positive potential where the insertion of hydrogen 

into the electrode became more difficult. Indeed, the values of the potential of the 

CaNi4.8Mg0.2 electrodes at the 25th cycle were about -918, -843, -813 and -795 mV. However, 

at the 50th cycle, they were almost equal to -921, -837, -831 and -767mV at 30, 40, 50 and 60 

h milling times, respectively. This result could be explained by the phenomenon of the 

oxidation and dissolution of the active material of the electrode during the electro-chemical 

cycling. It can also result from the electrode ageing due to the aggressivity of the 6M KOH 

electrolyte exerted on the negative hydride electrode.  
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Figure 9 shows the evolution of Nernst potential as a function of number of cycles of 

CaNi4.8Mg0.2 (30, 40, 50 and 60 h) electrodes. 

It is obvious that, at 60 h milling time, the CaNi4.8Mg0.2 electrode had a higher potential than 

the CaNi4.8Mg0.2 (30, 40 and 50 h) electrodes which is about -780 mV, indicating that 

hydrogen insertion became easier, compared to the other milling times.  

Figure 10 shows the evolution of the exchange current density during the cycling of the 

CaNi4.8Mg0.2 electrodes at 30, 40, 50 and 60 h milling times. 

It shows that the exchange current density, at the 30h milling time, attains its maximum value 

at the first activation cycles (1827 mAg-1). Then, it gradually decreases progressively before 

stabilizing after the 40th cycle (̴50 mAg-1). At the other milling times (40, 50 and 60h), the 

exchange current density represents the same pattern with a high value of about 250 mAg-1 at 

the 1st activation cycle before stabilizing at around the minimum values (̴.10 mAg-1). 

3.3 Comparative study of the electro-chemical properties of CaNi4.8Mg0.2 and 

CaNi4.8Mn0.2 negative electrodes at different milling times  

Table 4 presents the different cycling parameters such as maximum discharge capacity, 

cycle stability and degradation rate of the CaNi4.8Mn0.2 and CaNi4.8Mg0.2 negative 

electrodes. 

It demonstrates that the discharge capacity Cmax reaches its maximum value at a milling time 

of 30 h (118 mAhg-1) and 40 h (96 mAhg-1), respectively, for CaNi4.8Mg0.2 and CaNi4.8Mn0.2 

electrodes.  

The substitution of Mn resulted in a slight enhancement of the cycling stability of 

CaNi4.8Mn0.2 electrode and the largest loss of discharge capacity after the 50th cycle was 

observed at 50h and 60h milling times for both compounds CaNi4.8Mn0.2 and CaNi4.8Mg0.2. 

Özgen et al. (Ref 86) compared the effect of the substitution of different elements in the 

CaNi5 compound on its electrochemical properties (substitution of Ca by Sm, Y, Ti, Dy, Er 
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and Hf and Ni by the elements Mn, Mg, Sn, Al, Cu, Si, Zn, Cr, Fe and V). They found that the 

compound substituted with Mg had a discharge capacity slightly greater than that of the 

compound substituted with Mn, 36 and 35 mAhg-1, respectively. Furthermore, the authors 

also observed that the durability and stability of Mn were better than those of compared to 

Mg. Jenson et al. (Ref 87) examined the substitutions of Ni in CaNi5-xMx compound (Al, Cr, 

Mn, Fe, Co, Cu, Zn and Sn and Mg). Notably, the CaNi4.5Mg0.5 compound exhibited higher 

discharge capacity, compared to CaNi4.5Mn0.5, with values of 390 and 195 mAhg-1, 

respectively. The cycles during which more than 50% of the maximum capacity was 

preserved are the 3rd, for CaNi4.5Mn0.5, and the 4th for CaNi4.5Mg0.5. This finding suggests that 

Mn substitution enhanced the cyclic stability of CaNi5 electrode. 

Table 5 shows the polarization of the potential on the activation of CaNi4.8Mg0.2 and 

CaNi4.8Mn0.2 electrodes. 

It reveals that the polarization of CaNi4.8Mg0.2 electrode reaches about 40 mV during the 30h 

milling time and, then, undergoes a remarkable increase to attain 168, 274 and 246 mV, 

respectively, for the 40, 50 and 60 h milling times. The CaNi4.8Mg0.2 (30h) electrode has the 

best reversibility. On the other hand, the polarization CaNi4.8Mn0.2 electrode milled during 

30h is almost equal to 220 mV. Then, it decreases slowly to 212 mV, during 40h milling time. 

Finally, it rises to 218 and 325 mV during milling of 50 and 60h. It is clear that the highest 

reversibility of the charging and discharging reaction of the electrodes was obtained at 40h 

milling time.  

Table 6 represents the kinetic parameters of the CaNi4.8Mn0.2 and CaNi4.8Mg0.2 electrodes 

determined at different milling times (30, 40, 50 and 60 h). 

It reveals that the Specific exchange current density of CaNi4.8Mn0.2 electrode, reaches its 

maximum value of 83 mA g-1 at 40 h milling time. However, CaNi4.8Mg0.2 electrode attains a 

maximum value at 30h milling time. Thus, good agreement between the maximum capacities 
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obtained for CaNi4.8Mn0.2 (40h) and CaNi4.8Mg0.2 (30h), and the maximum current densities 

observed for both electrodes can be observed.  

4. Conclusion 

In this paper, the structural, morphological and electro-chemical properties of CaNi4.8Mg0.2 

(30, 40, 50 and 60 h) electrodes milled during 30, 40, 50 and 60h were presented using 

XRD, SEM and electro-chemical methods (galvanostatic and potentiodynamic polarization).  

XRD patterns of CaNi4.8Mg0.2 reveal the presence of two main phases Ni (cubic) and CaNi5 

(hexagonal), and the crystallite size, determined by the Scherrer method, decreases with 

increasing of the milling time. 

The electro-chemical study performed during activation and long cycling showed that: 

- The CaNi4.8Mg0.2 (30, 40, 50, 60 h) electrodes activated, respectively, during the 3rd, 4th 

and 1st cycles. Indeed, the obtained discharge capacity values were equal to 118, 87, 84 and 53 

mAhg-1. 

- After activation, the discharge capacity decreased progressively during cycling due to 

the degradation of the active material of the electrode. 

- The CaNi4.8Mg0.2 (30 h) electrode had better reversibility than the other electrodes. This 

result is in good agreement with its maximum discharge capacity and easy activation. 

- The CaNi4.8Mg0.2 electrode gave, at (30h), the maximum values of the kinetic 

parameters, which correlates well with its electro-chemical properties (i.e., rapid activation, 

maximum discharge capacity, etc.). 
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