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This paper was aimed to design an alkaline fuel cell from anode and cathode mesh electrodes. The 
electrodes were coated with nickel oxide nanocatalysts. The outer wall of the cell consists of organic glass 
sheets. Also, which carries electrically charged molecules from one electrode to another and stimulates, 
accelerating interactions in the electrodes. Hydrogen is the primary fuel, produces from an electrolyser, 
Nickel oxide nanocatalysts was prepared by Chemical deposition, The Structural characteristics was 
studied through of X-ray diffraction (XRD) of the prepare for determining the yielding phase, Also the 
sample will test using an atomic force microscope to find the roughness of the prepared surface, Voltages 
were also obtained at 1.74 volts and current at 3.01 A of an alkaline fuel cell. In addition, study the 
characterization of the electrochemical parameters. 
 
Key words: an alkaline fuel cell, nickel oxide nanocatalysts, Chemical deposition, electrolyser. 
 

INTRODUCTION 
 
Fuel cells are electrochemical devices that convert chemical energy to interact directly into electrical energy. 
Depending on the type of fuel cells used in electricity was classified into different groups. Each fuel cell has two 
electric electrodes, named, respectively the negative electrode and the positive electrode. An electrolyte membrane 
also, which carries the charge of molecules electrically from one electrode to the other and a catalyst [1]. The oldest 
fuel cells that were carefully developed and made possible electricity generation of hydrogen using KOH complex 
liquid electrolytes were alkaline fuel cells (AFCs) [2], Nano particles attracted wide interests because of their good 
properties namely optical, electronic, magnetic, thermal, mechanical properties, battery use for electrodes, gas 
sensors, electrochemical films, photoelectric devices[3]. The introduction of nanotechnology, which contributes 
significantly to sustainable economic growth. Nanotechnology is a generic term used to describe materials and 
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phenomena on a nanometer. Specifically, it means not only minimizing but also the subtle changes in atoms and 
molecules to design and control the properties of nonmaterial. With an emphasis on the energy field, nanotechnology 
has the potential to significantly reduce Of the impact of energy production, Storage and use An already sustainable 
energy system, the scientific community is considering further development of nanotechnology for energy [4], The 
researcher Yasuhiro Mizukoshi and Katsumi Yamada evaluated the electrochemical properties of NiO/Au. High-
velocity electrochemical changes was obtained within one second by improvements in penis length and film 
thickness for the NiO film[5], The researcher Tomokazu Sakamoto and his group NIO/Nb2O5/C, NIO/C, and Ni/C 
catalysts was manufactured for electro-hydrazine electrooxidation by evaporation drying method followed by 
thermodynamic nano materials have been extensively tested in recent decades because of their high surface area, 
which severely affects their physical properties. And on reported nanostructure shapes [6], The researcher Eileen Hao 
Yu, and his group studied new catalysts. And anion exchange membranes. In addition, alkaline fuel cell systems and 
new configurations were studied[7], The researcher István Bakos and his group used a layer of nano particles to 
partially cover Ni thin-film to provide the most effective use of the HOR catalyst. The Pd / Ni electrodes were 
prepared by spontaneous and electrolytic deposition of Pd on nickel-pure polycrystalline surfaces [8]. 
 

MATERIALS AND METHODS 
 
Preparation of  NiO nanoparticles  
 
1 g of NiCl2 (6H2O) powder and add 10 mL ammonia gradually (Approx. 15 min) to under the strong stirring to 
produce Ni + 2 solutions. Due to the NiCl2 exothermic reaction with ammonia, ammonia slowly added to the 
precursors. The temperature of the solution was 75 ° C, and the pH was in a range to nine. Then add the deionized 
water as a precipitating agent while continuing under the strong stirring solution until the green sediment was 
formed. The resulting precipitates were filtered and washed twice with deionized water and ethanol. For the 
production of black NiO nanoparticles. And dry at 105 ° C for 90 minutes in the oven. As shown in ‘Figure 1a’ 
 
Synthesis  of catalysts 
 
For the purpose of electrical insulation and control of the movement of ions electrons between the electrodes of the 
alkaline cell, the catalyst was prepared, and the electrodes are prepared for this purpose by placing, The desired 
electrode after attaching it to the negative electrode, the other carbon connected to the positive electrode of the power 
supply (5.6V and 0.90A) (1 L). The distance between the electrodes is 3 mm, the coating solution was added by taking 
0.5 g of Nickel chloride salt (NiCl2•6H2O) and dissolved in 1 liter of deionized water, Where it is a clear solution green 
color in mixing a process to immerse the electrodes almost, and for three hours, until you a gray coating layer of NIO 
catalyst atoms was produced. After the coating was completed, it was cleaned with deionized water and dried. As 
shown in ‘Figure 1 b,c’. The electrolysis cell consists of stainless steel plates of type 314 No. 2 isolated from each other, 
for the purpose of isolating each gas separately (hydrogen and oxygen), including a plate of organic glass. These 
electrodes are immersed in an electrolyte solution, prepared from distilled water and added to 28% of potassium 
hydroxide. The outer wall consists of organic glass to prevent leakage of gases (14.5 x 12) cm2 from the 0,1 cm thick of 
and these electrodes were connected to a solar cell operating at 10 volts and a current of up to 3 shown in ‘Figure 2’. A 
fuel cell alkaline consists of nano nickel oxide catalyst a porous anode and nano nickel oxide catalyst a porous cathode, 
with these two electrodes separated by is (KOH). An oxidant is fed to the cathode to supply hydrogen while is fed in 
the anode to supply hydrogen. The electrolyte supports the transfer of ions between an anode and cathode to support 
the reverse electrolysis reaction. The outer wall of the cell consists of organic glass sheets. 
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RESULTS AND DISCUSSION 
 
The surface morphology of the nano NiO catalyst has been verified using AFM studies that are fully focused on the 
nano scale characterization. AFM images show nickel oxide prepared at a substrate temperature of 350 ° C with a 
uniform granular surface morphology, We have studied the surface morphology of the catalytic layers: a sponge-like 
structure is produced when the current density increases, where nano crystalline can be seen and distributed 
throughout the entire surface. As well as Analysis of the morphology of the catalyst Porous under varying current 
density conditions. In the low current density, the network was obtained very highly spaced, randomly oriented and 
highly correlated of pores. However, the increase in the current density of small pores showing forms, leading to a 
catalyst It was found that the particle size was 65 nm as shown in ‘Figure 3 a, size, distribution, and morphology are 
closely related to the preparation techniques [3,9]. The XRD patterns indicate that the nano composite is well ‘Figure 
4 the obtained patterns are presented in Fig. 4, XRD analysis showed a series of diffraction peaks at 2θ of 27.21°, 
42.08°, 61.82°, and 75.94° ° can be assigned to (111), (200), (220), (219) and (2 11) planes, The diffraction peaks show 
good crystalline nanoparticles and match very well with ideal lattice constants , n this paper , The XRD pattern shows 
that the samples are single phase and distinct diffraction peak except the characteristic peaks of FCC phase NiO was 
detected. This result shows that the physical phases of the NiO nanoparticles have higher purity prepared[10]. 
 
Organic glass plates were used in the outer surface of this cell, and electrodes were attached to the Stainless Steel 
Restaurant with Nickel oxide Plated Mesh (2) applied by electroplating process. Hydrogen gas was released from the 
dissolution of water molecules in electrolysis to analyze water to the cell through anode electrode Touch a layer of 
the nano-nickel oxide catalyst, which in turn separates the hydrogen molecules into atoms, and then the protons and 
electrons pass through an external load cycle accompanied by the movement of hydrogen ions (OH-1) from the 
negative electrode through the electrolyte solution of the anode electrode, Oxygen molecules At the cathode, the 
electrode merges with the electrons that travel through the outer load circuit to form the water molecule again at the 
anode pole, accompanied by an increase in the valiant cell temperature to more than 70 ° C, to obtain a power of 1.74 
volts and a current of 3.01 A. As shows ‘Figure 5 , ’ The amount of energy produced by the alkaline cell depends on 
the thickness and quantity of the plates. The atoms are the nickel oxide that stimulates the hydrogen molecules and 
converts them into electrons in the form of energy, As well as the purity and amount of hydrogen provided to the 
alkaline cell. The higher the purity, the higher the energy and the oxygen from the other electrode (cathode) This 
increases the energy and efficiency of the cell. In this paper, cell operation using oxygen from the electrolysis system 
was tested [11] [12]. Table 1 , The dimensions of mesh electrodes. And Table 2 shows increased electrical conductivity 
with an increase in the flow rate of hydrogen due to the amount of hydrogen gas. 
 

Note:       σ =                  (1) 

 
σ electrical  conductivity I: current (A), L: sample length (cm) W: sample width (cm), T: sample and  thickness (cm) 
 
As  shown in ‘Figure 6’the voltage of fuel cell decreased with the current same flow rate. at 0.5 L/min flow rate of H2 
gas ,It was drown  using the Origin Lab program. As shown in ‘Figure 7’ electrical conductivity increases with in the 
current.Same in rate of hydrogen and oxygen gases, hydrogen has the highest energy density per unit weight than any 
other chemical fuel for many applications. It can be converted directly into electricity by cell in an electrochemical 
process. As  shown in ‘Figure8  the variation of cell voltage decreases with i increases  current density (current/area) for 
the cell operating   his voltage drop is the straightforward resistance  to  the  flow  of  electrons  through  the  material 
of the electrodes and the various interconnections,   There are four major factors which contribute to the decrease in cell 
performance. The primary four sources of losses are fuel cross-over, ohmic polarisation and concentration 
hydrogen[14].  
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CONCLUSION 
 
We have presented a simple chemical method for producing nano nickel oxide. In this research, Nano nickel oxide 
catalysts were synthesized successfully for Membrane for fuel cell application. Through this study found that the 
voltage of fuel cell decreased with the current same flow rate. While electrical conductivity increases with increasing 
in the current. As well as decreased with the voltage same flow rate. With increases current density. The alkaline fuel 
cell has been selected for its advantages. Operating temperature is a wide range, The composition of these cells is 
simple, Quick start, The cost is low because of the simplicity of the material. 
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Table 1. The dimensions of mesh  electrodes 
 

 
 

Table 2. Show the relationship  between the  Electrical conductivity with current  and  voltage 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1a. Preparation of nano  NiO Figure 1b.Electroplating process 

 
Figure 1c.the  membrance 

 

 
Figure 2.The electrolysis cell 

 
 
 

Samples Width, W(cm) Length, L (cm) Thickness (cm) 
Mesh  electrode 3 3.5 0.1 

Electrical conductivity σ (S\cm) Current (A) Voltage (V) Current density (A/cm2) 
14.83 3.01 1.74 0.29 
16.77 3.15 1.61 0.3 
18.36 3.32 1.55 0.32 
23.81 3.75 1.35 0.36 
31.38 4.54 1.24 0.43 
37.30 5.31 1.22 0.51 
41.06 5.75 1.2 0.55 

Haleemah J. Mohammed   and Nathera .A. Ali 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.9 /Issue 52 / February / 2019                  International Bimonthly                           ISSN: 0976 – 0997 

16389 
 

   
 
 

 
Figure 3a.Atomic force microscope of nano  NiO  
catalyst 

 
Figure 3b.Histogram of their size  distribution 
of nano  NiO  catalyst 
 

 
Figure 4. X-ray diffraction analysis  of  NiO 
nanoparticles 

 
Figure 5.The fuel cell 
 

 
Figure 6.current-voltage at 0.5 L/min flow rate of 
H2 gas 

 
Figure 7. Electrical conductivity  with current at 
0.5 L\ min flow rate of H2 gas 
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Figure 8.current density– Voltage  at 0.5 L/min flow rate of H2 gas 
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