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Human/animal urine and industrial synthesis processes 
of urea generate a large amount of urea-rich wastewater 
every day. Natural decomposition of urea results in nitrate 
contamination of water, air emissions, and therefore 
causes people severe health problems [1-4]. Urea 
electrolysis as an effective wastewater treatment 
technology has become a topic of attention [1, 3, 5-8]. In 
the urea electrolysis process, urea is oxidized directly into 
nitrogen, and carbon dioxide, while producing hydrogen 
as a byproduct [1]. In addition, the hydrogen generated by 
urea electrolysis is theoretically 70% cheaper than one 
from water electrolysis [1].  

 
    However, low-efficient electrode materials for urea 
oxidation directly inhibit the commercialization of urea 
electrolysis. Although nickel foil as a catalyst has greatly 
reduced the cost and shown the better catalytic activity 
compared to Platinum group metals, there is still room to 
improve the reaction rate of urea electrooxidation. An 
ideal electrode of less cost, higher electrochemical 
activity and longer life-time for urea electrooxidation is 
still imperative. Electrochemical properties of electrode 
highly depend on the surface area, morphology, and grain 
size. Nanostructure materials have been widely used as 
electrode materials due to their high conductivity, large 
surface area, corrosion resistance, and high stability. 
Porous anodic aluminum oxide membrane (P-AAO) is 
regarded as an excellent template to synthesize nanoscale 
materials.  The  AAO template has excellent physical 
properties, such as regular and highly oriented porous 
structure, high thermal stability and hydrophilic surface. 
Within this context, this work aims to synthesize highly 
ordered and high surface-area nickel nanowires by using 
porous anodic alumina oxide (AAO) template and 
determine the effects of the electrodes on the 
electrooxidation of urea. 
 
   In this work, AAO membrane is fabricated by a two-
step electrochemical oxidation of aluminum [9, 10] and 
nickel nanowires are formed by electrodeposition in AAO 
template in a nickel ionic liquid. The advantages of the 
method are that the Ni nanowires can be directly attached 
to the substrate without any bonding layer and their 
thickness, mass, length, and component can be well-
controlled by adjusting the electrodeposition time, 
temperature, and bath composition. 
 
   Electrochemical measurements, such as cyclic 
voltammetry, chronoamperometry and 
chronopotentiometry are used to evaluate the electrodes 
electrochemical properties toward urea electrooxidation.  
 
  Figure 1 shows Scanning Electron Microscope (SEM) 
images of the AAO template (top-view), anodized in 0.3 
M oxalic acid solution under an anodization voltage of 40 
V. As can be seen from the figure, the shape, size and 
distribution of pores are uniform and the AAO template is 
highly ordered. The enlarged SEM image (inset) shows 
the hexagonally arranged pores located in the center of 
each cell with a pore diameter of ca. 80 nm.  

 
The Atomic Force Microscope (AFM) image (see Figure 
2) further indicates that the diameters and inter-pore 
distances are ca. 80 and 130 nm, respectively, which is in 
agreement with the SEM results.  
 
Additional results, including the electrochemical tests will 
be presented at the meeting. 
 

 
Figure 1.  SEM image of AAO template in top-view, inset is the 
enlarged SEM image. 

 
Figure 2   AFM image of the AAO template 
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