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Abstract: In order to obtain a porous Mg electrode with a stable skeleton, organic Mg fuel cell (OMFC), the electrochemical 
behavior of Mg deposition on Cu and Ni metallic substrates in 1 mol/L EtMgBr/THF solution was investigated by SEM, EDS and 
electrochemical methods. The experimental results show that Mg can be electrodeposited on both substrates, as a continuous layer on 
a Cu substrate. Accordingly, an approach for producing a porous Mg electrode with a stable skeleton of OMFC was proposed by 
means of electrodeposition of Mg on a foamed Ni substrate with a layer of Cu pre-plating. The discharge performance of this porous 
Mg electrode of OMFC is superior to that of a planar Mg electrode. 
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1 Introduction 
 

Among metals suitable for cells, Mg has advantages 
of high energy density, low density, low cost, abundance, 
and being environmentally friendly [1−3]. As a novel 
type of high specific energy power source, organic Mg 
fuel cells (OMFC) are considered ideal substitutes for 
traditional batteries; however, there are some challenges 
in improving the dynamic performance and the interface 
stability of the Mg electrode itself [4−6]. 

With the present development of Mg batteries, Mg 
electrodeposition technology has received intense 
attention [7−12]. Because of the negative electrode 
potential and high reaction activity of Mg, its 
electrodeposition was carried out only in organic 
electrolyte solutions. The corresponding plating solutions 
must be polar non-proton solvents, and moreover, there 
must be no reactions between the plating solutions and 
Mg [13−19]. 

Because the specific surface area of a porous 
electrode is larger than that of a planar electrode, the 
porous electrode has become a study focus of battery 
development [20−22]. In this work, we first studied the 
electrochemical behavior of Mg electrodeposition on 
different substrates (Ni, Cu), and then investigated the 
preparation of a porous Mg electrode with a stable 
skeleton of OMFC realized by the electrodeposition of 

Mg on a foamed Ni substrate with a layer of Cu 
pre-plating. The discharge performance of the resulting 
porous Mg electrode of OMFC was measured and 
investigated in detail. 
 
2 Experimental 
 
2.1 Preparation and electrochemical measurement of 

planar electrodes 
The electrodeposition and performance measure- 

ments of Mg electrodes were carried out in an argon 
atmosphere glove box (MIKROUNA Advanced 
2440/75), where the concentrations of water and oxygen 
were kept below 1×10−6 at room temperature. 

Cyclic voltammetry and electrochemical impedance 
measurements were conducted in three-electrode cells 
inside the glove box at room temperature using a 
Solatron SI 1287/1260 electrochemical workstation. The 
working electrodes were Cu and Ni plates respectively 
(the area of the electrode was 0.26 cm2), while Mg foils 
(Mg purity 99.99%) served as both counter and reference 
electrodes. All of the electrodes were polished with a 
corundum suspension and rinsed with dry acetone before 
using. 

The cyclic voltammetry scanning rate was 50 mV/s, 
and the scanning potential was controlled between −1.0 
V and 1.9 V (vs Mg RE). The electrochemical impedance 
measurements were conducted at open potentials in a 
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frequency range of 0.01 Hz−100 kHz, and the alternating 
current signal amplitude was 5 mV. 

The surface morphology of Mg deposits was 
observed on a Hitachi S−4000 scanning electron 
microscope, and the surface components were analyzed 
by an HORIBA 7593−H energy-dispersive spectrometer. 

The Grignard reagent (EtMgBr) was obtained from 
ACROS organics as a 1 mol/L solution in THF. Mg foils 
were prepared by machining a 99.99% pure Mg ingot 
(Jiuli Mg Co. Ltd.), and the Cu and Ni plates were of 
battery grade pure metals. 
 
2.2 Preparation of Cu pre-plating coating and porous 

Mg electrode 
Amperostatic electrodeposition of Cu was 

performed with a Solatron SI 1287/1260 electrochemical 
workstation in a electrolytic solution of pyrophosphate. 
The electrolytic solution was composed of potassium 
pyrophosphate (350 g/L), ammonium nitrate (20 g/L), 
and copper sulfate (90 g/L). The solution had pH of 8.5, 
and its temperature was controlled at 55 °C. The current 
density was 15 mA/cm2 and the electrodeposition time 
was 3 min. 

The substrate treatment process was as follows: 
acetone dip (5 min), distilled water wash; strong etching 
(30 s), distilled water wash; weak etching (2 min), 
distilled water wash; cathode polarization (5 mol/L KOH, 
30 mA/cm2, 1 min), distilled water wash. 

The strong etching solution was composed of KNO3, 
H2SO4 and HCl. The weak etching solution was H2SO4 

(50 g/L). Amperostatic electrodeposition of Mg was 
carried out in three-electrode cells, the plating current 
density was 0.35 mA/cm2, and the plating time was 1 h. 
The porosity of the foamed Ni substrate (Battery grade) 
was above 98%. 
 
2.3 Discharge performance of porous Mg electrode 

with stable skeletons 
The potentiostatic discharge tests on planar and 

porous Mg electrodes were also carried out with the 
same system (three-electrode cell inside the glove box at 
room temperature, using a Solatron SI 1287/1260 
Electrochemical Workstation). Both counter and 
reference electrodes were pure Mg plates, and the 
solution was 1 mol/L EtMgBr/THF. The discharge 
voltage was 0.5 V (vs Mg RE). 
 
3 Results and discussion 
 
3.1 Electrochemical behavior of Mg on different 

metal substrates 
Figure 1 shows the cyclic voltammograms which 

were obtained through processes of electrodeposition and 
dissolution of Mg on Cu and Ni substrates in 1 mol/L 

EtMgBr/THF solution. These cyclic voltammograms 
indicate that the processes of electrodeposition and 
dissolution of Mg on both substrates can be realized in 
the system described above. 
 

 
Fig. 1 Cyclic voltammograms of Mg deposition on Cu and Ni 
substrates (Scan rate: 50 mV/s) 
 

Both these processes present a typical 
overpotential-driven nucleation/growth current loop, 
indicating that the electrodeposition of Mg on these 
substrates requires overpotential to initiate nucleation 
and subsequent growth of Mg. However, the figure also 
reveals pronounced differences in the cycling efficiency 
on the two substrates, particularly the overpotential 
required for Mg deposition, and the kinetics of the 
processes. As seen in Fig. 1, the electrodeposition of Mg 
on the Cu substrate can be observed at a potential below 
−0.1 V, while the electrodeposition on the Ni substrate 
begins at a potential below −0.25 V. Obviously, the 
overpotential of Mg electrodeposition on the Ni substrate 
is larger than that on the Cu substrate. At the same 
overpotential, the current density of Mg 
electrodeposition on the Cu substrate is also greater than 
that on the Ni substrate. 

Figure 2 shows the typical Nyquist plots resulting 
from impedance measurements at open-circuit potential 
(OCV) at the beginning and end of Mg electrodepostion 
on Cu and Ni substrates. These impedance spectra 
indicate the adsorption processes and charge transfer on 
the electrode surfaces during Mg electrodeposition. For 
both substrates, the electrodeposition impedance value at 
the end of electrodeposition is lower than at the 
beginning, with the impedance values at the end in the 
order of hundreds of Ω·cm2. Furthermore, these 
impedance spectra indicate that the resistance of Mg 
electrodeposition on the Ni substrate is larger than that 
on the Cu substrate. 

 
3.2 Morphology and component analysis of Mg 

electrodeposition on planar substrates 
Figure 3 shows the SEM images of Mg deposited on 
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Fig. 2 Impedance spectra of Mg electrodeposition on Cu and Ni 
substrates: (a) At the beginning; (b) At the end 
 

 

Fig. 3 SEM images of Mg deposits: (a) On Ni substrate; (b) On 
Cu substrate 
 
Cu and Ni substrates. It is visually evident that the 
surface morphologies are not the same on these 

substrates. There are some irregular coarse Mg particles 
dispersed unevenly on the Ni substrate, and the Mg 
deposits are not consecutive. On the contrary, Mg layers 
precipitated on the Cu substrate are compact and smooth. 

The composition of deposits on both substrates was 
detected by EDAX. Mg is rarely found on a flat area of 
the Ni substrate; nevertheless, the average content of Mg 
particles on the Ni substrate is up to 72.6%. However, 
the deposits are more uniform on the Cu substrate than 
on the Ni substrate, with the average content of Mg on 
the Cu substrate around 84.9%. 

Because the electrochemical activity of Ni is higher 
than that of Cu [20], the Ni substrate may react with the 
electrolytic solution easily, and a layer of thin oxide 
films can be formed between Mg deposits and the Ni 
substrate. Therefore, the deposition effect of Mg on the 
Cu substrate is better than that on the Ni substrate. Those 
analysis results of SEM and EDAX are consistent with 
the above discussion. 
 
3.3 Morphology and component analysis of Mg 

electrodeposition on foamed substrates 
Because the uniformity of Mg deposits is better on 

the Cu substrate than on the Ni substrate, the deposition 
of Mg on pure Ni could be enhanced if the substrate is 
clad with Cu. 

Figure 4 shows the SEM image of the Cu coating on 
the planar Ni substrate. Most of the Ni substrate surface 
is clad with Cu, and the Cu coating surface morphology 
is continuous, smooth and compact. 
 

 
Fig. 4 SEM image of Cu plating coating on planar Ni substrate 
 

In addition, a novel porous Mg electrode was 
prepared by the electrodeposition of Mg on a foamed Ni 
substrate. In order to increase the quantity of 
electrodeposited Mg, an intermediate layer of Cu 
pre-plating coating was electrodeposited between the 
foamed Ni substrate and the electrodeposits of Mg. 

Figure 5 shows SEM images of the foamed Ni 
substrate, and the foamed Ni substrate with a layer of Cu 
pre-plating coating. The Cu pre-plating coating on the 
foamed Ni substrate has a surface morphology similar to 
that on the foamed Ni substrate, being continuous, 
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smooth and compact. There are no nodules or particles 
on the surface of the Cu pre-plating coating. Components 
of the Cu pre-plating coating were analyzed by EDAX. 
The composition of the Cu pre-plating coating is uniform 
and the Cu content is up to 60%, both outside and inside 
the holes of the foamed substrate. These results indicate 
that the deep plating capability of the Cu-plating solution 
is excellent. 
 

 
Fig. 5 SEM images of foamed substrate: (a) Ni substrate; (b) 
Cu-coated Ni substrate 
 

Figure 6 shows the SEM image of a porous Mg 
electrode with a stable skeleton, which was prepared by 
electrodeposition of Mg on the formed Ni substrate with 
a layer of Cu pre-plating coating. Unlike the Cu 
pre-plating coating, the deposits of Mg are continuous 
and compact but coarse, and there are some nodules and 
particles on the surface. The composition of Mg deposits 
on the foamed substrate was also detected by EDAX, and 
the average content of Mg on the surface is 81.8%. 
However, the mean content of Mg inside the holes of the 
foamed substrate is 15.4%, indicating that the deep 
plating capability of the Mg-plating solution 
(EtMgBr/THF) is not good. 

 
3.4 Discharge performance of porous Mg electrode 

with stable skeleton 
Both planar and porous Mg electrodes were 

prepared according to the above methods (Sections 2.1 
and 2.2) in 1 mol/L EtMgBr/THF solution. The adopted 
electrodeposition processes for both electrodes were the 
same with a current density of 0.35 mA/cm2, and a  

 

 
Fig. 6 SEM image of porous Mg electrode with stable skeleton 
 
deposition time of 1 h. Test areas on both Mg electrodes 
were also the same at 0.26 cm2. 

The potentiostatic discharge tests on both types of 
Mg electrodes were also carried out in three-electrode 
cells inside the glove box at room temperature, using the 
Solatron SI 1287/1260 Electrochemical Workstation. The 
discharging results are presented in Fig. 7. The 
potentiostatic discharge curves are not very flat because 
of the unevenness of Mg deposits. However, the trends 
of both curves indicate that the discharge current density 
of the porous Mg electrode is higher than that of the 
planar Mg electrode. This result may be attributed to 
larger specific surface area of the porous electrode than 
the planar electrode. 
 

 
Fig. 7 Discharge performances of porous and planar Mg 
electrodes 
 
4 Conclusions 
 

1) The electrochemical deposition behaviors of Mg 
on Cu and Ni substrates in a solution of 1 mol/L 
EtMgBr/THF are obviously different, the deposits are 
more uniform on the Cu substrate than on the Ni 
substrate. 

2) A novel porous Mg electrode with a stable 
skeleton of OMFC could be prepared by 
electrodeposition of Mg on a foamed Ni substrate with 



ZHENG Wei-wei, et al/Trans. Nonferrous Met. Soc. China 21(2011) 2099−2103 2103

an intermediate layer of Cu pre-plating coating, and the 
discharge performance of the porous Mg electrode of 
OMFC is apparently superior to that of the planar Mg 
electrode. 
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摘  要：为了制备一种骨架稳定的有机镁燃料电池多孔镁电极，通过扫描电镜、能谱分析及电化学方法研究了在

1 mol/L EtMgBr/THF 的电解质溶液中，镁在金属镍和铜 2 种基体上沉积的电化学行为。结果表明：镁在 2 种金属

基体上均可以发生沉积，而且在铜基体上还能够形成一层连续的镀层。采用在预镀铜的泡沫镍基体上电沉积镁的

方法制备了一种新型骨架稳定的多孔镁电极，这种多孔镁电极的放电性能优于平板状的镁电极。 

关键词：镁电沉积；多孔电极；有机电解质；放电性能 
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