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Introduction 

Nanotechnology is a science that focuses on 
the creation, manipulation, and innovation of 
technologies on a molecular scale through the 
implementation of physical, mathematical, and 
chemical methods. In recent decades, 
nanotechnology has had its greatest impact on 
society as it has improved and transformed huge 
technological and industrial sectors such as 
biomedicine, energy, and food safety. In the 
biomedical area, nanotechnology has promoted 
new innovations that improve and facilitate 
research and analysis processes, that is, it has 
revolutionized detection systems for complex and 
simple molecules. 

Nanomaterials can be made from a wide range 
of solid materials, including metals, ceramics, 
polymers, organic materials, and composites1. In 
this sense, metallic aluminum is one of the 
promoters of nanomaterials creation due to its high 
strength-to-weight ratio, lightness, resistance to 
corrosion, mechanical resistance, ductility, and 
electrical and thermal conductivity2. It is important 
to note that aluminum is one of the few metals on 
earth that resists the natural oxidation process, in 
other words, this metal forms a thin protective layer 
that prevents the surface of the metal from coming 
into direct contact with oxidizing agents such as 
oxygen, thus prolonging its useful life.  

 

 

 

Nanoporous anodic aluminum oxide 
(NAAO) is a self-ordered, ‘honeycomb’-like 
structure of aluminum oxide which is grown atop an 
aluminum substrate via a mild anodization 
procedure. The oxide growth occurs at the 
aluminum/oxide interface, and as more oxide 
grows the initially formed oxide shifts upwards to 
form the top of the pore channels. The overall 
structure is composed of arrays of vertically aligned 
and highly organized pore structures with 
diameters ranging from 20 to 300 nm.   

 

 

 

Illustration of NAAO thin film structure. The 
overall structure is composed of arrays of 
vertically aligned and highly organized pore 
structures. 
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Top view SEM image of a NAAO surface structure (Left). Cross-section view SEM image of a 

NAAO chip (Right).  

First Stage Anodization 

First-stage anodization consists of a layer formation of randomly distributed AAO nanopores. During 

this first stage, the nanopore channels grow erratically on the surface and self-order as they grow due 

to a combination of mechanical stress between adjacent nanopores and stress assisted by electric 

fields. This mechano-electrochemical self-ordering process patterns the surface of the underlying 

aluminum substrate, which is a negative replica of the bottom of the sacrificial layer3. 

 

 

 

 

 

 

Oxide Removal Stage 

Oxide removal consists of the selective destruction or dissolution of the oxide barriers formed in the 
first anodization. This process is carried out to eliminate the channels that were obtained in a 
disorganized way in the first stage. In this way, unoccupied patterns are created that will eventually 
serve as a guide for the incoming nanopore channels. 

 

 

 

 

 

 

 

Second Stage Anodization 

The second-stage anodization allows nanopores channels to grow in the center of each vacant pattern 
stamped on the aluminum substrate surface to maintain an ordered distribution. 

 

 

 

NAAO Fabrication Steps 

 

 

 

 

 

 



 

  

 

Applications 

Nanoporous anodic aluminum oxide is used in enormous technological applications due to how simple 
and cheap it is to manipulate its geometric characteristics. The operating conditions, such as electrolyte 
concentration, applied voltage, solution temperature, and anodizing duration, are directly related to the pore 
diameter, the interpore distance, and the substrate porosity. It should be noted that empirical experiments 
establish a mathematical relationship between pore diameter and applied voltage in manufacturing, 
establishing that substrate diameters increase linearly with increasing voltage. Likewise, solution temperature 
and anodization time increase the pores diameter due to the better etching of the grown oxide by the 
electrolyte4. 

Although anodic aluminum oxide substrates offer promising potential in several technological areas due 
to their highly ordered self-assembling nanostructure, they have been rigorously implemented in biological, 
energy, and environmental fields.  

Biology 

In the biological field, scientists have used NAAO technology to develop fast-sensitivity biosensors to 
detect a wide variety of biomarkers such as nucleic acids, proteins, and bacteria. The main objective of the 
use of NAAO is to design electronic devices capable of detecting the aforementioned biomarkers with 
precision and accuracy. It should be mentioned that the projections are based on the creation of portable, 
compact, fast, and low-cost biological detectors5. 

Environment 

At an environmental level, anodic aluminum oxide has been used to alleviate or eliminate the problem 

of increasing water scarcity in the world. This technology transforms seawater into water totally suitable for 

human consumption through filtrations. The chemical process used to achieve this objective involves 

removing the anodic aluminum oxide nanostructure from the aluminum substrate material through multiple 

methods to produce an isotropic membrane, which is used for nanofiltration or separation of contaminants, 

salts, and metals. 

Energy 

In the energy aspect, NAAO has become one of the prospective in terms of energy storage, since 

based on the principle of conservation of energy, which establishes that energy is neither created nor 

destroyed, storages must be created to store these energies and dispose of them at any time. In this sense, 

alumina channel-based capacitors have attracted great interest as electrical energy storage systems due to 

their high-power density, fast charge and discharge rates, and excellent cycle stability5. 
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