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Abstract: Porous Anodic Alumina (PAA) is widely employed as a template for fabrication of nanostructures 

due to its ability to generate self-organized, well-ordered pore structures. A new technique has been developed 

to deposit porous Chromium (Cr) film on Al substrate by DC electrodeposition. The chemical composition and 

morphological characteristics of fabricated PAA membrane and Cr film were investigated by scanning electron 

microscopy (SEM), and energy-dispersive x-ray spectroscopy (EDX).  In addition, the growth mechanism of the 

fabricated nanoporous Cr film was discussed.  
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I. Introduction 
The development of porous materials with large specific surface areas is currently an area of extensive 

research; particularly with regard to potential applications in areas such as adsorption, chromatography, 

catalysis, sensor technology, optoelectronic systems, and gas storage [1-4]. Various processing techniques have 

been utilized to fabricate porous materials. Template synthesis is a commonly used technique in the preparation 

of porous materials [5]. Porous anodic alumina (PAA) is an attractive material as template due to its unique 

nanometric properties which are highly required in the world of nanotechnology [6]. Also, the PAA is used as a 

key material in optoelectronic systems and for replication processes. The fabrication of PAA is a cheap process, 

easy technology and high-throughput [7].   Many metals nanostructures were deposited on the PAA surface such 

as Au, Ni, Ag and Zn by different methods [8-11]. Among these methods, DC electrodeposition is widely 

employed to deposit nanostructures in PAA templates due to its inexpensive procedure [13, 14]. 

Chromium electroplating technology is widely used in various machinery equipment accessories to 

anticorrosion and the process of decorative technology due to the high hardness of coating, resistance to grind 

and other characteristics [15, 16].  Cr as an element can be used in many fields including metallurgy, magnetic 

applications, catalysis and semiconductors [17-20]. Despite the important of the metallic nanoporous arrays 

because of their novel properties and potential applications, there are limited numbers of articles on the 

deposition of Cr nanoarrays because of the adhesion property of Cr atoms [21]. For these reasons, a facile 

method is presented to deposit Cr nanoporous film on a conductive substrate via the simultaneous etching of the 

PAA template. In addition the growth mechanism of the Cr nanostructures was discussed.    

 

II. Experimental Details 
        Ordered porous anodic alumina (PAA) membranes were fabricated by a two-step anodization process. The 

aluminum foil (99.99%) was electropolished in a mixture of H3PO4 and H2SO4 to improve surface smoothness. 

The first anodization of the electropolished Al foil was carried out in 0.3 M oxalic acid electrolyte at a constant 

anodizing voltage of 50 V for 3 hours. After removing the aluminum oxide, the second anodization was carried 

out under the same conditions for 8 min. The barrier layer was thinned by a successive drop of the DC voltage at 

rate of 0.1 V/s from 50 to 15. The layer finally maintained under DC voltage of 15 V for 15 min. The pores of 

the membrane were widened by immersing the PAA in pore widening solution (6% wt phosphoric solution) for 

45 min.  

The DC electrodeposition of chromium was carried out in a two electrode electrochemical cell. The 

anode was a Pt plate while the cathode was a PAA substrate. For the electrodeposition of Cr films, the 

electrolytic bath contained CrO3 (250 g/l) and H2SO4 (1 ml/l) in double distilled water [22].  It should be noted 

that H2SO4 is widely used as a catalyst in the industrial Cr electrodepositing process [23-25]. Simultaneously, 

this H2SO4 is used as an etching solution for the walls of PAA. The electrodeposition was carried out at high 

current density 0.04 A/mm
2
 and at temperature of 60 °C.  
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The fabricated PAA membranes and Cr nanostructures were characterized by using a scanning electron 

microscope and energy dispersive X-ray spectroscopy (EDX).  

 

 
 

Fig. 1 shows top view SEM image of membrane anodized for 8 min and pore widened for 45 min. 

 

III. Results and discussion 
Figure 1 shows a typical top view SEM of PAA membrane anodized for 8 min and pore widened for 45 

min. The figure shows a typical hexagonal and smooth alumina nanoporous array with interpore distance of 

about 105 nm, pore diameter of about 79 nm and pore density of about 1.2 x 10
11

 cm
-2

.  . 

The Cr electrodeposition was carried out at high current density of 0.04 A/mm
2
 and at temperature of 

60 °C using CrO3 (250 g/l) / H2SO4 (1 ml/l) electrolyte. During the DC electrochemical deposition, the pores of 

the PAA were widened due to the presence of H2SO4 in the electrolyte as shown in Fig. 2. This figure describes 

a process of forming aluminum oxide nanowires from the common PAA membrane by H2SO4 and using over 

etching during Cr electrodepositing process. The evidence for this comes from the top view and cross-sectional 

view SEM images. The SEM images show nanowires of ~ > 200 nm long. This means that with this etching 

time, the minimum length is 200 nm. During this etching time, the barrier layer at the bottom of some pores will 

be etched completely to allow the deposition of Cr on Al substrate. 

 

 
 

Fig. 2 shows top view and cross-sectional SEM images of PAA membrane widened during the Cr 

electrochemical deposition to form 2D alumina nanowires. 
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Fig.3 shows top view SEM images of nanoporous Cr particles formed at the upper part of the sample 

(air/electrolyte interface). 

 

 
               

             Fig.4 shows top view SEM images of nanoporous Cr film formed at the bottom part of the sample 

(inside the electrolyte). 

 

The electrodeposition process allowed the thickness of the Cr layer to be increased gradually from top 

to bottom and the morphology to be changed from area to another. Figure 3 shows the morphology of the 

Cr/PAA nanostructure at the upper part of PAA (interface air/electrolyte) at different magnification. This figure 

shows the growth of Cr particles on the substrate.  Nano and micro Cr particles are distributed randomly on the 

substrate and separated by voids. These particles have spherical shapes with different sizes. The Cr particles 

have rough surface and contain nanopores of different diameters with irregular shapes.  

Figure 4 shows the morphology of the Cr film at the bottom part of the sample (inside the electrolyte) 

at different magnification. Continuous Cr thin film was produced on the Al substrate. The Cr film is formed as a 

result of agglomeration of micro-stones of nanoporous surface. The nanoporous stones are of irregular shapes 

and the boundaries between these stones are clearly observed. By increasing the deposition time, the number of 

Cr stones is increased and the sizes of the Cr stones are increased. Then, for long depositing time, the Cr stones 

are grown until the particles are touched to form large sized-particle and in turn to form a continuous 

nanoporous Cr film. The film surface is not uniform and composed of different sized domains. 
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Fig. 5 illustrates EDX spectrum of the fabricated Cr film. 

 

In order to check the chemical composition of the fabricated sample, the Cr/PAA film was analyzed by 

EDX as shown in Fig. 5.  The EDX pattern shows the signals of Cr, Al, O and C elements. The quantitative 

results were 66.26% Cr, 20.76% Al, 5.89% O, and 7.09% C. The carbon microcontent came from the oxalic 

electrolyte that is used in the anodization process [26]. The observation of C and O in the EDX indicates the 

presence of the C2O4
-2

 anions in the PAA [27].  

The growth mechanism of the nanoporous Cr film on Al substrate by electrodeposition via PAA 

membrane was presented in Fig. 6 and suggested to be as follow:  

As shown in Fig. 6(a), PAA consist of hexagonal cells, each surrounding a cylindrical pore grown 

perpendicularly to the initial aluminum surface [28, 29]. The cell of PAA is composed of two different layers 

[30-33]: (a) the inter layer which makes up the common internal walls between the pores, it is relatively pure 

alumina and (b) the outer layer which surrounding the pore, it content alumina and negative ion impurities 

(C2O4
-2

 and OH
-
). The two layers of inner and outer oxides exist not only in the wall but also in the barrier layer 

at the pore bottom [30]. The  outer  oxide  layer  with  anion-incorporated  alumina  is  more  prone  to  be  

etched  under  etching  process,  but  inner  layer  is  more resistant [34].  

 When the Cr electrolyte diffuses into the pores, sulfuric acid will ionize many H
+
 ions to react with alumina 

membrane intensely according to the chemical reactions [35].  

 

                                   𝐻2𝑆𝑂4 →  𝐻+ +  𝐻𝑆𝑂4
−                                                            (1) 

                                    6 𝐻+ +  𝐴𝑙2𝑂3 →  2 𝐴𝑙3+ + 3 𝐻2𝑂                                           (2) 

Then the interpore region between two neighboring pores is totally dissolved whereas the corner region 

(juncture of three neighboring pores) is partially dissolved because it is the thickest portion of alumina [35]. The 

remains parts at the corners of the cells induce the formation of alumina nanowires [28], as shown in Fig. 6(b). 

Actually the alumina nanowires inclined and aggregated into disordered domains due to the gravity field [34]. 

During deposition, Cr ions will be attracted by the anion impurities (C2O4
-2

 and OH
-
) in the pore walls 

of PAA [30, 36]. Thus, it can be expected that Cr nuclei should preferably deposited around the alumina 

nanowire because of localized negative charges. As the deposition time increased, Cr nano/micro particles are 

grown as a result of the Cr migration and agglomeration. The nano/micro Cr particles are randomly distributed 

on the Al substrate with different sizes because the barrier layer is totally dissolved at some positions and 

partially dissolved at others. 
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Fig. 6 illustrates a schematic diagram of the growth mechanism of nanoporous Cr film. 

 

Concurrently with Cr deposition,  hydrogen bubbles are arising from H
+
 reduction at totally dissolved 

barrier layer regions of the (PAA/Al) cathode and escape from the surface as H2 gas [37, 38].  At high current 

density, large number of hydrogen bubbles is created on the PAA/Al substrate during the Cr deposition (Fig. 

6(c)). The Cr particles are grown around the hydrogen bubbles and these bubbles leave marks such as pores 

when they escape towards the electrolyte/air interface as H2 gas.   

In the same time, axial etching of the alumina nanowires occurs and directed from the top surface 

towards the Al substrate. After etching the alumina nanowires, nanopores of small diameters appear in the Cr 

particles. For long time deposition, the barrier layer is removed completely, more Cr ions are deposited. Then 

the sizes of the Cr particles increased and the grown particles are agglomerated to form large sized- particle and 

in turn to from of a continuous Cr thin film (Fig. 6(d)). 

 

IV. Conclusion 
Cr nanoporous film has been deposited on Al substrate by using DC electrochemical deposition. 

Nanoporous Cr particles of rough surfaces and different sizes are firstly formed on the Al substrate. During the 

growth of Cr particles, two sets of pores of different sizes are formed inside the Cr microstones. The first set is 

attributed to the concurrent generation of hydrogen bubbles with extremely fast metal deposition at high current 

density. The second type results from the axial etching of the content alumina nanowires of the Cr/Al2O3 

composite and the nanopores developed toward the bottom. After 45 min, the microstones are agglomerated to 

form continuous nanoporous Cr film. The fabricated Cr nanoporous film with extremely high effective surface 

area will be suitable for catalysis and sensing applications. 
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