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Abstract  
 
One of the most relevant uses for the Ag NPs (nanoparticles) is their application on the industry as 
catalytic material [1, 2]. The catalytic activity of the Ag NPs directly depends on the particle sizes and 
their distribution [3]. The chemical reduction approach is considered as the most appropriate technique 
to produce large quantities of nanoparticles with controlled size [4, 5]. Hence, is important to understand 
that this method uses reactants that can provoke potential risks for the environment and health [5]. The 
porous anodization of aluminum followed by electrodeposition is a well-known process to obtain metal 
nanoparticles or nanowires of noble metals as silver [6–8]. 
 
In the present work, we developed a new route for the fabrication of Ag nanoparticles embedded in a 
dielectric matrix (alumina) by the two-step porous anodization of a thermally treated (quenched) alloy 
using the melt spinner technique. A pro-eutectic Al-Ag alloy (95.25 %wt. Al) was molten and gradually 
heated to 780 °C using an induction oven and kept at that temperature for 20 minutes before quenching 
in the melt spinner. Then, a porous anodization process was performed in order to obtain a highly 
ordered nanotube array. The anodization was performed in 0.3 M oxalic acid solution applying a current 
density of 50 mV·cm-2 for 15 minutes. The structure and morphology of the aluminum oxide with 
precipitated silver were characterized by Scanning Electron Microscopy (SEM) and Transmission 
Electron Microscopy (TEM).  
 
Fig. 1A shows the SEM image of the surface of the anodized sample evidencing the presence of 
eutectic Ag in a lamellar structure alongside Ag NPs with a mean diameter of 100 nm on top of the 
aluminum oxide layer. The cross-section (Fig. 1B) shows that the Al2O3 nanotubes formed during the 
anodization are 9.7 µm long and 200 nm wide, with incrusted Ag NPs on the regular nanotubular layer.  
 
The aluminum oxide layer was physically separate by stripping and characterized by TEM. Fig. 2A 
shows a typical formed nanotube with a mean diameter of 200 nm. On top of the nanotube Ag NPs are 
present with a diameter varying from 7 to 18 nm. The TEM/EDS elemental composition analysis that 
was performed (Fig. 2B), the spectra of the surface (marked as “I’) shows that it is formed of Al-Ag, 
while the nanoparticles (marked as “II”) contain 99 %at. of silver. The size distribution of the Ag NPs 
determined by TEM imaging of the surface (Fig. 3A) showed that 95% of the Ag NPs have equivalent 
diameters smaller than 40 nm, ranging the diameters between 4 and 87 nm, as seen in the histogram of 
Fig. 3B. Moreover, it is noteworthy that 50% of the nanoparticles have an equivalent diameter between 
4 and 10 nm.  Consequently, it is confirmed that by a new route evolving porous anodization Ag NPs 
with sizes ranging between 4 and 87 nm can be produced randomly dispersed on a porous aluminum 
oxide surface.  
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Figure 1. (A) SEM image of the oxide surface containing Ag NPs. (B) Cross-section SEM image of 
formed Al2O3 nanotubes.  
 

 
Figure 2. (A) TEM image of formed Al2O3 nanotubes with embedded silver nanoparticles. (B) TEM 
image of nanotube showing the areas of EDS analysis. The insert shows the obtained spectra.   
 
 

 
Figure 3. (A) Area selected for the distribution analysis by TEM and (B) histogram of the frequency per 
area versus the equivalent diameter of the silver nanoparticles and the cumulative probability.  


