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Abstract 
     The anodizing of aluminum in an alkaline sodium tetraborate (Na2B4O7) solution was investigated 
with respect to the nanostructural characterization of anodic porous alumina. Electropolished aluminum 
specimens were galvanostatically anodized under various conditions in 0.1-0.5 M sodium tetraborate 
solutions at 293-353 K and a current density of 2.5-400 Am-2. Anodic oxide with numerous flower-like 
defects was formed by anodizing in a 0.1 M Na2B4O7 solution due to the film breakdown with continuous 
visible sparking. On the other hand, a uniform porous alumina film without any breakdown was 
successfully obtained by anodizing a more concentrated solution than 0.3 M at 333 K. The anodic oxide 
was almost pure alumina and consisted of a thin outer layer with numerous small pits and a thick inner 
layer with typical porous alumina cells. The pore walls possessed continuous bumpy surfaces measuring 
10-20 nm in roughness. As the temperature further increased to 353 K, the regularity of the porous 
alumina improved due to the high current density of more than 150 Am-2 during anodizing. Slippery 
superhydrophobic and sticky superoleophobic aluminum surfaces could be easily fabricated via high 
temperature anodizing and subsequent self-assembled monolayer modification. 
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1. Introduction 
     A porous type anodic oxide film (anodic porous alumina) of Al possesses a unique hexagonal 
honeycomb structure with numerous nanoscale pores, and it can be typically obtained by anodizing 
(anodization) aluminum in several acidic solutions such as phosphoric (H3PO4) [1], chromic (H2CrO4) [2], 
oxalic ((COOH)2) [3], and sulfuric (H2SO4) acids [4,5]. The porous alumina film has been widely used in 
various industries for the corrosion protection [6,7], coloring [8], and hardening [9,10] of Al alloys since 
the beginning of the 20th century. Notably, the self-ordering behavior of the honeycomb structure during 
anodizing under appropriate operating conditions was found by Masuda et al. at the end of the 1990s 
[11-13]. The discovery expanded the applicability of the porous alumina in various nanoscience and 
nanoengineering fields [14-18]. Because the nanostructure and chemical, physical, and optical properties 
of the porous alumina strongly depend on the electrolyte species used [19-21], additional acidic 
electrolytes have been investigated by many research groups with respect to the formation of novel 
porous alumina. Inorganic acids [22-28], organic carboxylic acids [29-35], organophosphorus acids 
[36-41], and cyclic oxocarbon acids [42,43] have been studied so far. 
     Although it is known that the porous alumina film can also be formed by anodizing aluminum in 
alkaline solutions, extremely little has been reported on the anodizing behavior and its nanostructural 
characterization. In 1969, Leach et al. reported the structure and properties of anodic films grown in an 
ammonium hydrogen tetraborate solution with ammonium hydroxide [44]. The oxide films show typical 
barrier or porous growth based on the temperature of the solution. In 1973, John et al. investigated the 
effects of the electrochemical conditions on the formation rate of anodic oxide formed by anodizing 
aluminum in sodium tetraborate solution (Na2B4O7, borax) [45]. The thickness of the anodic oxide 
increased with the pH and the temperature except for those films that were grown at the highest 
temperatures and pH values. However, no clear micro- or nanoscopic image of the anodic oxide was 
provided in these investigations. In later years, Thompson et al. reported on the initial growth behavior of 
the porous alumina formed by anodizing at a constant voltage of 60 V in a Na2B4O7 solution [46,47]. 
They found that the porous alumina film possessed the characteristic feathered pore morphology. 
However, the anodizing was limited by narrow conditions of 60 V and 333 K in this investigation. 
Therefore, the details of the anodizing behavior in various electrochemical conditions and the subsequent 
nanostructure obtained in alkaline solutions are still unknown. 
     In the present investigation, we described the details of the electrochemical behaviors and 
nanostructural characterization of the porous alumina that is formed by galvanostatic anodizing in an 
alkaline Na2B4O7 solution. The effects of the concentration, temperature, and current density on the 
anodizing behavior were investigated with respect to the fabrication of porous alumina. In addition, the 
nanostructure of the porous alumina was examined using electron microscopy and chemical composition 
analysis. Furthermore, slippery superhydrophobic and sticky superoleophobic Al surfaces were fabricated 
using alkaline anodizing at high temperature and a subsequent water repellent process. 
 
2. Experimental 
2.1 Pretreatments 
     Al plates (99.999 wt%, 250 µm thick, GoodFellow, UK) were cut into pieces 20 mm in length and 
10 mm in width with an electroconductive handle and were ultrasonically degreased in 99.5 % ethanol 
(C2H5OH) for 10 min. After ultrasonication, the bottom of the handle was covered with a silicone resin in 
order to fix the anodizing area of the Al specimens. The resin-coated Al specimens were immersed in a 78 
vol% acetic acid (CH3COOH)/22 vol% perchloric acid (HClO4, assay: 70 %) solution at 280 K and were 
electrochemically polished at a constant voltage of 28 V for 1 min. 
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2.2 Anodizing 
     The electropolished Al specimen as the anode and a Pt plate (99.95 wt%, 100 µm thick, Furuya 
Metal, Japan) as the cathode were immersed in an electrochemical cell with 0.05-0.5 M of Na2B4O7 

solutions (150 mL) at 293-353 K. The Al specimens were anodized at a constant current density of 
2.5-400 Am-2 for up to 7 h using a direct power supply (PWR400H, Kikusui, Japan). The electrolyte 
solution was stirred at 250 rpm with a magnetic stirrer during anodizing, and the temperature was 
adjusted to each operating value using a constant-temperature bath (UCT-1000 for 293-333 K and 
OBS-200AM for 353 K, As one, Japan). The pH of the electrolyte solutions was measured with a 
benchtop pH meter (SevenMulti, Mettler Toledo, USA). 
 
2.3 SEM observations 
     The surface and fracture cross-section of the anodized specimens were examined using 
field-emission scanning electron microscopy (FE-SEM, JSM-6500F, JEOL, Japan). Before the SEM 
observations, a thin electroconductive Pt layer was formed on the anodic oxide using a sputter coater 
(MSP-1S, Vacuum Device, Japan). The anodized specimens were immersed in a 0.20 M CrO3/0.51 M 
H3PO4 solution at 353 K to dissolve the anodic oxide, and the exposed Al surfaces were also examined by 
SEM. 
 
2.4 STEM observations 
     Ultrathin horizontal cross-sections prepared by precision polishing with an Ar ion beam and the 
vertical cross-sections formed by ultrathin sectioning with an ultramicrotome were examined using 
Cs-corrected scanning transmission electron microscopy (STEM, Titan3 G2 60-300, FEI). The details of 
the preparation of these specimens have been given elsewhere [48]. The qualitative analysis of the porous 
alumina films was conducted using energy dispersive X-ray spectrometry (EDS) and electron energy-loss 
spectroscopy (EELS). 
 
2.5 Contact angle measurements 
     The anodized specimens were immersed in a 0.5 mM 
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctylphosphonic acid (C8H6F13O3P, FOPA)/C2H5OH solution at 313 
K for 24 h, and the surface of the anodic oxide was modified using a FOPA self-assembled monolayer 
(SAM). Commercially available rapeseed oil and ultrapure water (18.2 MΩ·cm) drops were formed on 
the specimens using a microsyringe connected to an auto dispenser with a flow rate of 2 µLs-1, and the 
advancing contact angle (θadv) and receding contact angle (θrec) were measured using an optical contact 
angle meter (DM-501, Kyowa Interface Science, Japan). A circle fitting of the drops was performed for 
the measurements of the θadv and θrec values. 
 
3. Results and Discussion 
     The electropolished Al specimens were anodized in an alkaline Na2B4O7 solution under various 
conditions. Figure 1a shows the changes in the voltage, Ua, with time, ta, during anodizing in a 0.1 M 
Na2B4O7 solution at 293 K (pH = 9.3) and a constant current density of 2.5-20 Am-2. The voltage linearly 
increased with the anodizing time at a low current density of 2.5 Am-2, and exhibited a steady value 
measuring approximately 400 V after long-term anodizing for 110 min. Continuous visible sparking was 
observed on the Al surface at this steady voltage. The linear slope of the voltage-time curves during the 
initial stage increased with the current density, and visible sparking also occurred at each current density 
as the voltage reached approximately 400 V. Similar anodizing behaviors with linear increases in the 
initial stage and visible sparking at high voltages were obtained by anodizing aluminum in a 0.1 M 
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Na2B4O7 solution at a higher temperature of 313 K (Fig. 1b, pH = 9.1). 
     As the temperature of the Na2B4O7 solution further increased to 333 K (Fig. 1c, pH = 9.0), the 
characteristic voltage-time curves for the formation of porous alumina were measured at a medium 
current density range of 75-125 Am-2. Here, the voltage linearly increased during the initial stage of 
anodizing, reached a maximum value, and then gradually decreased with the anodizing time. In the 
typical case of anodizing in phosphoric, oxalic, and sulfuric acid solutions for the porous alumina, the 
voltage remains at an almost steady value after this gradual decrease [19,20,49]. However, the voltage 
increased once again via long-term anodizing in the Na2B4O7 solution, and visible sparking occurred on 
the Al surface at more than 450 V. No voltage increase was measured at a low current density of 25 Am-2, 
and a linear increase and subsequent visible sparking occurred at a high current density of 150 Am-2. 
     Figure 2a shows an SEM image of the typical surface of the specimen that is anodized at 293 K and 
2.5 Am-2 (Fig. 1a) with a linear increase and visible sparking. The Al surface was covered with numerous 
flower-like defects originating from the breakdown and continuous sparking, and there is no uniform 
porous alumina on the surface under these conditions. These nanostructures are similar to the formation 
of the barrier oxide film and the subsequent breakdown during anodizing in neutral electrolyte solutions 
[50]. In contrast, Figure 2b shows an SEM image of the surface of the specimen that is anodized at a 
higher temperature of 333 K and 75 Am-2 (Fig. 1c). Because the typical voltage-time curve for the porous 
alumina was measured under these conditions, numerous nanoscale pores measuring approximately 200 
nm in diameter were distributed on the entire surface, and porous alumina was successfully obtained by 
anodizing at high temperature. However, continuous sparking caused by the breakdown was observed via 
the excess anodizing at more than 450 V. This is due to the low solubility of the anodic oxide in the low 
concentration solution. The thickness of the barrier layer may increase with the anodizing time, thus 
long-term anodizing causes the film breakdown with continuous visible sparking. Therefore, the stable 
anodizing conditions without any film breakdown were further investigated. 
     Figure 3 illustrates the effect of the concentration of the Na2B4O7 solution on the anodizing 
behaviors. Because the saturated solubility of Na2B4O7·10H2O in water has a low value of 0.134 M at 293 
K, the temperature of the solution was adjusted to a high temperature of 333 K for the overall anodizing 
conditions. At the low concentration of 0.05 M (Fig. 3a, pH = 8.9), the voltage was gradually increased 
over time during anodizing, and continuous sparking was observed on the Al specimen. Therefore, the use 
of a low concentration Na2B4O7 solution is inappropriate for the formation of porous alumina. In contrast, 
stable voltage-time curves without excess voltage increases were successfully obtained during anodizing 
at relatively high concentrations of 0.3 M (Fig. 3b, pH = 9.0) and 0.5 M (Fig. 3c, pH = 9.1) under 
appropriate current densities, and no visible sparking was observed on the Al surface during anodizing. 
The plateau voltage increased with the current density in either concentration, and the excess current 
densities such as 75 Am-2 in the 0.3 M solution and 40 Am-2 in the 0.5 M solution caused the immediate 
breakdown of the film with continuous sparking. The maximum current density without any film 
breakdown decreased as the concentration increased. 
     Figure 4 shows the SEM images of the surface and fracture cross-section of the specimen that was 
anodized in a 0.3 M Na2B4O7 solution at 333 K for 120 min under various current density conditions, 
which is shown in Fig. 3b. Nonuniform anodic oxide with fibrous nanostructures formed on the Al 
surface at a lower current density of 15 Am-2 (Fig. 4a) because the extremely low voltage measuring less 
than 5 V was maintained during anodizing. This nanomorphology is very similar to the surface of the 
porous alumina that was chemically dissolved into the electrolyte solution via long-term anodizing at 
high temperature. As the current density increased to 30 Am-2 and 50 Am-2 (Fig. 4b and 4c), clear porous 
alumina films with vertical nanoscale pores were formed on the Al surface. Characteristically, the porous 
alumina possessed a two-layer nanostructure consisting of a thin outer layer with numerous small pits and 
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a thick inner layer with typical porous alumina cells. The cell size of the inner porous alumina layer 
increased with the current density due to the increasing anodizing voltage. To measure the cell size, the 
porous alumina film was dissolved in a CrO3/H3PO4 solution. 
     Figures 5a and 5b show the SEM images of the exposed Al surface after anodizing in a 0.3 M 
Na2B4O7 solution at 333 K and a) 25 Am-2 and b) 50 Am-2, respectively, for 120 min. Numerous small 
dimples measuring approximately 180 nm in cell size were distributed on the Al surface that formed at 25 
Am-2 (Fig. 5a) due to the relatively low voltage of 58 V after 120 min of anodizing. As the current density 
increased to 50 Am-2 (Fig. 5b), the voltage increased to 230 V and the average cell size also increased to 
630 nm. Because the anodizing in the 0.3 M and 0.5 M Na2B4O7 solutions at 333 K under appropriate 
current densities successfully leads to the formation of porous alumina, the change in the cell size that 
was calculated using the SEM images, Dc, with the anodizing voltage after 120 min of anodizing, Ua, is 
shown in Figure 5c. Here, a yellow line corresponds to the linear relationship between the cell size and 
the anodizing voltage that is obtained by the typical anodizing in acidic solutions [19,20]: 

Dc = 2.5 Ua     (1) 
The cell size linearly increased with the anodizing voltage at each current density, and this result is in 
good agreement with the linear relation of equation (1). Therefore, the average cell size of the porous 
alumina that formed in the alkaline Na2B4O7 solution can be controlled by the choosing the appropriate 
current density and the corresponding anodizing voltage. 
     From the above experimental results, the anodizing in a high concentration Na2B4O7 solution at 
high temperature causes the formation of thick porous alumina without any film breakdown. The 
nanostructural characterization of the porous alumina was further investigated in detail using SEM and 
TEM observations. Figure 6 shows the high-magnification SEM images of the porous alumina that was 
formed by anodizing in a) 0.3 M and b) 0.5 M Na2B4O7 solutions, respectively, at 333 K and 30 Am-2. 
Because the anodizing was conducted using the galvanostatic method, disordered porous alumina with 
nonstraight nanopores were observed on the cross-sectional SEM images. Notably, the pore walls 
possessed uneven nanomorphologies without smooth planes. This morphology is different from the pore 
walls of the porous alumina that is formed by typical anodizing in phosphoric, oxalic, and sulfuric acids 
but is similar to that formed by chromic acid anodizing [51,52]. 
     The porous alumina film shown in Fig. 6b was horizontally thinned using Ar ion irradiation for the 
STEM observations. Figure 7a shows a HAADF-STEM image of the horizontally thinned specimen. 
Disordered nanoscale pores with different diameters measuring several hundreds of nanometers were 
distributed in the porous alumina due to galvanostatic anodizing without self-ordering. In addition, there 
was no clear honeycomb distribution with a cell boundary (skeleton) in the porous alumina. A 
high-magnification HAADF-STEM image of the typical nanopore is shown in Figure 7b. The pore wall 
possessed a continuous bumpy surface measuring 10-20 nm in roughness, which is same as the fracture 
cross-sections. 
     Figures 7c-7e provide the bright-field (BF) TEM images of the vertical cross-section of the porous 
alumina. Here, the porous alumina film was thinned to 20 nm thick using diamond knife and an 
ultramicrotome, and the bottom Al substrate was removed from the porous alumina during the 
ultramicrotomy. The outermost layer of the porous alumina consisted of many small pits measuring 
approximately 10-20 nm in diameter, and the thickness of this outer layer is very thin at approximately 
100 nm (Fig. 7d). Larger pores measuring several hundreds of nanometers in diameter grew in the inner 
layer (Fig. 7c), and these pore walls possessed a top-to-bottom feathered morphology. 
     The incorporated anion distribution in the porous alumina was examined using EDS and EELS. 
Figure 8a shows the BF-TEM image and the corresponding elemental distribution maps of the Al, O, and 
B of the vertical cross-section of the porous alumina. The Al and O distributions corresponding to the 
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configuration of the porous alumina were clearly measured from the EDS mapping images. In contrast, 
there was almost no B originating from the electrolyte anion (B4O72-). Figure 8b illustrates the EDS 
spectrum of the whole vertical cross-section that is shown in Fig. 8a. Although three clear peaks for Al 
and O originating from the porous alumina and the carbon from the contamination and two small peaks 
for Cu and Si originating from the TEM grid were measured from the specimen, there was no peak for B. 
Figures 8c and 8d show the HAADF-STEM image and corresponding EELS spectra of the horizontal 
cross-section of the porous alumina. Although similar EELS results with a clear C-K peak and a small 
Ar-L2,3 edge peak originating from Ar ion irradiation were obtained at two different positions, as shown in 
Fig. 8c, there was no B-K peak on the EELS spectra. From the above EDS and EELS analysis, the porous 
alumina that was formed using anodizing in a Na2B4O7 solution consisted of almost pure alumina. 
     The nanostructure and composition of this porous alumina is extremely similar to that formed by 
anodizing in chromic acid. The nanostructural features of the porous alumina that was formed in chromic 
acid have been reported as follows [51,52]. a) Extremely disordered porous alumina possessing feathered 
pore walls is formed using anodizing under constant current and voltage processes. b) A characteristic 
branched colony pore structure is observed in the inner layer of the porous alumina. c) The porous 
alumina consists of pure Al2O3 without an electrolyte anion and, thus, a honeycomb skeleton is not 
evident in the porous alumina. Because these characteristics are the same as those of the porous alumina 
that formed in Na2B4O7, this porous alumina may grow under a similar growth mechanism. 
     Hebert et al. reported that the typical porous alumina that was obtained by phosphoric, oxalic, and 
sulfuric acids is mainly formed through the field-assisted flow mechanism [53,54]. The flow of the oxide 
is produced by the rapid formation of O2- at the bottom of the pores during anodizing. Ordered porous 
alumina is empirically obtained by anodizing in these electrolyte solutions through the field-assisted flow 
mechanism. Conversely, Thompson et al. reported that the porous alumina that was formed by chromic 
acid and Na2B4O7 is mainly formed through the field-assisted dissolution mechanism without the oxide 
flow [55,56]. In these cases, disordered porous alumina with a pore-branching structure is empirically 
obtained using anodizing. However, we found that galvanostatic anodizing at further higher temperatures 
improved the regularity of the porous alumina. 
     Figure 9 shows the changes in the voltage, Ua, with time, ta, during anodizing in a 0.5 M Na2B4O7 

solution at 353 K (pH = 8.9) and a constant current density of i = 50-400 Am-2. As the temperature 
increased to 353 K from 333 K (Fig. 3c), larger current densities without visible sparking could be 
applied to the Al specimen. The anodizing voltage increased with the current density, and unstable 
oscillations were measured during anodizing at a current density of more than 200 Am-2. Although the 
voltage gradually increased with the anodizing time at these high current densities, no visible spark was 
observed on these Al specimens. 
     Figure 10 provides the SEM images of the surface (left), fracture cross-section (center), and 
corresponding Al dimple array (right) of the porous alumina formed at a) 150 Am-2 and b) 200 Am-2, 
respectively. Bundled structures consisting of several tens or hundreds of alumina nanofibers were formed 
on each surface (left in Fig. 10). These characteristic nanostructures were due to the chemical dissolution 
of the outermost layer of the porous alumina during anodizing in a concentrated Na2B4O7 solution at high 
temperature. Interestingly, the fracture cross-section images of the porous alumina that was formed under 
the pyramidal bundles exhibited high regularity with numerous straight nanopores (center in Fig. 10). An 
ordered cell arrangement consisting of several tens of dimples can be observed on the Al surface that was 
formed by the dissolution of porous alumina (right in Fig. 10). This self-ordering behavior may be due to 
the high current density during anodizing without any film breakdown at a high concentration and high 
temperature. However, the galvanostatic method is inappropriate for the formation of highly ordered 
porous alumina due to the changes of the applied voltage during anodizing. Usually, ordered porous 
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alumina can be fabricated by anodizing at appropriate constant voltages under high current density 
conditions [26]. Therefore, further investigations of the constant voltage of anodizing in a Na2B4O7 
solution at high temperature are required to find the new self-ordering regime. 
     We found that alumina nanofiber structures that are modified with low surface energy molecules 
exhibited slippery superhydrophobic and sticky superoleophobic behaviors. The pyramidal alumina 
bundled structures that were fabricated through anodizing were modified with FOPA-SAM. Figure 11a 
shows the appearance of ultrapure water droplets during the advancing and receding contact angle 
measurements. The θadv and θrec values of the water droplets that were measured on the pyramidal 
structures were 165.5° and 162.6°, respectively. Because the contact angle hysteresis (θadv - θrec) is 
calculated as 2.9°, highly slippery superhydrophobic Al was successfully fabricated via our anodizing and 
SAM modification processes. Conversely, the sticky superoleophobic property with high contact angle 
hysteresis appeared using a rapeseed oil with low surface tension (θadv = 157.5° and θrec = 0°, Fig. 11b). 
Surface wettability strongly depends on the surface tension of the droplet and the nanomorphology of the 
anodic oxide formed by anodizing [57,58]. Therefore, more complicated nanostructures such as a 
multiscale hierarchical structure are required for the slippery superoleophobic surface. 
 
4. Conclusions 

Electropolished Al specimens were anodized under various conditions in 0.05-0.5 M sodium 
tetraborate solutions at 293-353 K and constant current densities of 2.5-400 Am-2. The anodizing 
behaviors and corresponding nanostructures were concluded as follows. 
1) The galvanostatic anodizing of Al in a low concentration of 0.1 M Na2B4O7 solution leads to the 
formation of anodic oxide with numerous defects due to the continuous visible sparking. 
2) As the concentration increases to more than 0.3 M at a high temperature of 333 K, a porous alumina 
film without any breakdown defect grows on the Al surface. 
3) The porous alumina consists of a thin outer layer with numerous small pits and a thick inner layer with 
typical porous alumina cells. The pore walls possess continuous bumpy surfaces measuring 10-20 nm in 
roughness. The anodic oxide is almost pure alumina. 
4) As the temperature further increases to 353 K, the regularity of the porous alumina improves due to the 
high current density of more than 150 Am-2 during anodizing without any film breakdown. 
5) Slippery superhydrophobic and sticky superoleophobic Al surfaces can be easily fabricated via high 
temperature anodizing and subsequent FOPA-SAM modification. 
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Figure Captions 
 
Figure 1 Voltage-time curves during anodizing for Al in a 0.1 M Na2B4O7 solution at a) 293 K, b) 313 K, 
and c) 333 K under various constant current densities. 
 
Figure 2 SEM images of the surface of the specimens that are anodized in a 0.1 M Na2B4O7 solution at a) 
293 K and 2.5 Am-2 and b) 333 K and 75 Am-2. 
 
Figure 3 Voltage-time curves during anodizing in a) 0.05 M, b) 0.3 M, and c) 0.5 M Na2B4O7 solutions at 
333 K under various constant current densities. 
 
Figure 4 SEM images of the surface (top) and the fracture cross-section (bottom) of the specimens that 
were anodized in a 0.3 M Na2B4O7 solution at 333 K and a) 15 Am-2, b) 30 Am-2, and c) 50 Am-2. 
 
Figure 5 SEM images of the Al substrate after anodizing in a 0.3 M Na2B4O7 solution 333 K and a) 25 
Am-2 and b) 50 Am-2 and the subsequent selective dissolution of the porous alumina. c) The change in the 
cell size of the porous alumina, Dc, with the anodizing voltage, Ua. 
 
Figure 6 High-magnification SEM images of the fracture porous alumina formed by anodizing in a) 0.3 
M and b) 0.5 M Na2B4O7 solutions at 333 K and 30 Am-2. 
 
Figure 7 a) A HAADF-STEM image of the horizontal cross-section of the porous alumina that was 
formed by anodizing in 0.5 M Na2B4O7 solutions at 333 K and 30 Am-2. b) A high-magnification 
HAADF-STEM image of a pore formed in the porous alumina. c)-e) BF-TEM images of the vertical 
cross-section of the porous alumina. 
 
Figure 8 a) A HAADF-STEM image of the horizontal section of the porous alumina that formed by 
anodizing in 0.5 M Na2B4O7 solutions at 333 K and 30 Am-2 and the corresponding elemental distribution 
maps of Al, O, and B. b) EDS spectrum of the anodized specimen shown in a). c) A HAADF-STEM 
image of the horizontal section of the porous alumina. d) EELS spectra of the anodic oxide shown in c). 
 
Figure 9 Voltage-time curves during anodizing in a 0.5 M Na2B4O7 solution at 353 K under various 
constant current densities. 
 
Figure 10 SEM images of the surface (left), the fracture cross-section (center), and the Al dimple array 
(right) that were formed by anodizing in a 0.5 M Na2B4O7 solution at 353 K and a) 150 Am-2 and b) 200 
Am-2. 
 
Figure 11 Side views of the a) ultrapure water and b) rapeseed oil droplets that were formed on the 
SAM-modified Al specimen during the advancing contact angle (θadv) and the receding contact angle 
(θrec) measurements. 
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