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Abstract. Anodizing is widely used method for forming self-organized micro- and nanoporous oxide films on the 

surface of aluminum. The aim of investigation is to elaborate the method of 2-steps electrochemical anodizing and 

study the obtained surface of alumina. Fast and reliable anodizing process allows to make pure aluminum anodic 

oxide membranes, which can serve as a filter or template matrix for synthesis of micro- and nanoporous structures.  

  

ȼвɟɞɟɧɢɟ. Аɧɨɞɧɵɣ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ (AOА), ɤɨɬɨɪɵɣ ɩɨɥɭɱɚɸɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ 

ɚɧɨɞɢɪɨɜɚɧɢɟɦ ɚɥɸɦɢɧɢɹ ɜ ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɭ ɢɡ ɯɚɪɚɤɬɟɪɧɵɯ 

ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɢɯɫɹ ɬɨɧɤɢɯ ɫɬɪɭɤɬɭɪ ɫ ɦɚɫɫɢɜɨɦ ɦɢɤɪɨ- ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɨɪ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ АɈА ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɩɨɪɹɞɤɚ 

ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɨɪ, ɚ ɢɦɟɧɧɨ: ɧɚɧɨɥɢɬɨɝɪɚɮɢɹ, ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɚɧɨɞɢɪɨɜɚɧɢɟ, ɚɧɨɞɢɪɨɜɚɧɢɟ ɩɪɢ 

ɜɵɫɨɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ ɢ ɩɥɨɬɧɨɫɬɹɯ ɬɨɤɚ ɢ ɞɪ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɸɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɢɫɬɨɝɨ ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɛɨɥɶɲɢɟ ɜɪɟɦɟɧɧɵɟ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ, 

ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼɫɟ ɷɬɢ ɮɚɤɬɨɪɵ ɡɚɬɪɭɞɧɹɸɬ ɜɧɟɞɪɟɧɢɟ 

ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ. Ɋɚɡɪɚɛɨɬɤɚ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɫɨɡɞɚɧɢɸ ɭɩɨɪɹɞɨɱɟɧɧɵɯ АɈА 

ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ [1].  

Цɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɭɩɨɪɹɞɨɱɟɧɧɵɯ АɈА ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 

ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ чɚɫɬɶ.  ɉɪɢ ɚɧɨɞɢɪɨɜɚɧɢɢ ɚɥɸɦɢɧɢɹ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 

ɨɛɪɚɡɭɸɬɫɹ ɩɥɟɧɤɢ АɈА ɞɜɭɯ ɬɢɩɨɜ - ɧɟɩɨɪɢɫɬɵɟ ɩɥɟɧɤɢ ɛɚɪɶɟɪɧɨɝɨ ɬɢɩɚ ɢ ɩɨɪɢɫɬɵɟ ɩɥɟɧɤɢ. 

Ɇɨɪɮɨɥɨɝɢɸ АɈА ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬ ɯɢɦɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɷɥɟɤɬɪɨɥɢɬɚ. Ɇɟɠɞɭ ɬɟɦ, AOА ɩɨɪɢɫɬɨɝɨ 

ɬɢɩɚ ɨɛɪɚɡɭɸɬɫɹ ɜ ɤɢɫɥɨɬɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ (pH<5), ɬɚɤɢɯ ɤɚɤ ɤɪɟɦɧɢɟɜɚɹ, ɫɟɪɧɚɹ, ɳɚɜɟɥɟɜɚɹ, 

ɨɪɬɨɮɨɫɮɨɪɧɚɹ, ɯɪɨɦɨɜɚɹ, ɥɢɦɨɧɧɚɹ, ɹɛɥɨɱɧɚɹ ɤɢɫɥɨɬɚ ɢ ɬ.ɞ. [2]. ɉɥɟɧɤɢ ɛɚɪɶɟɪɧɨɝɨ ɬɢɩɚ ɢ ɩɨɪɢɫɬɵɟ 

ɩɥɟɧɤɢ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɤɢɧɟɬɢɤɟ ɪɨɫɬɚ ɨɤɫɢɞɨɜ. ȼ ɫɥɭɱɚɟ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɚ ɛɚɪɶɟɪɧɨɝɨ ɬɢɩɚ ɜ 

ɩɨɬɟɧɰɢɨɫɬɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ (ɬɨ ɟɫɬɶ U = ɩɨɫɬɨɹɧɧɚɹ) ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ (j) ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ 

ɭɦɟɧɶɲɚɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ (t) (ɪɢɫ. 2ɚ, 3a).  

Аɥɸɦɢɧɢɟɜɭɸ ɮɨɥɶɝɭ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ (99,99%) ɨɛɟɡɠɢɪɢɜɚɥɢ ɜ ɪɚɫɬɜɨɪɟ ɚɰɟɬɨɧɚ, ɩɪɨɦɵɜɚɥɢ ɜ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ, ɨɬɠɢɝɚɥɢ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɢ 5 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400ɨɋ, ɡɚɬɟɦ 
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ɩɨɞɜɟɪɝɚɥɢ ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɤɟ ɜ ɫɦɟɫɢ H3PO4 ɢ CrO3 ɞɨ ɡɟɪɤɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɢ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɚɧɨɞɢɪɨɜɚɧɢɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ AOА ɜ ɪɚɡɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ (ɬɚɛɥ.). ɂɫɩɨɥɶɡɨɜɚɥɢ 

ɞɜɚ ɪɟɠɢɦɚ ɚɧɨɞɢɪɨɜɚɧɢɹ – ɜɨɥɶɬɫɬɚɬɢɱɟɫɤɢɣ (ȼɋɊ) ɢ ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɢɣ (ȽɋɊ).  

 

Ɍɚɛɥɢɰɚ 1 

ɍɫɥɨɜɢя ɷɤɫɩɟɪɢɦɟɧɬɚ 

№ ɋɨɫɬɚв ɍɫɥɨвɢɹ  

Эɥɟɤɬɪɨɥɢɬ №1 ɇ3ɊɈ4 10% ɦɚɫ. t=0-5 °C; U=85 B; τ=5 ɱ, ɪɟɠɢɦ BCP 

Эɥɟɤɬɪɨɥɢɬ № 2 3Ɇ H2C2O4 T=0-10°C; U=40 ȼ; τ=7 ɱ, ɪɟɠɢɦ ȼɋɊ 

 

ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɨɛɪɚɡɰɨɜ АɈА ɢɡɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɝɨ ɦɢɤɪɨɫɤɨɩɚ АɋɆ - NT-

MDT. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1.  

 

 

                                         ɚ)                                                                                          ɛ)                     

        

ɜ)                                                                                    ɝ) 

Ɋɢɫ. 1. ɉɨɜɟɪɯɧɨɫɬɶ АɈА, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɷɥɟɤɬɪɨɥɢɬɟ № 1 (ɚ, ɛ), ɜ ɷɥɟɤɬɪɨɥɢɬɟ № 2 (ɜ, ɝ) 

 

Ɋɟɡɭɥɶɬɚɬɵ. Аɧɨɞɢɪɨɜɚɧɢɟ ɚɥɸɦɢɧɢɹ ɩɪɢɜɟɥɨ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɨɪɢɫɬɵɯ АɈА ɫɨ 

ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɹɱɟɟɤ/ɩɨɪ, ɬ. ɟ. ɚɦɨɪɮɧɨɣ ɦɟɡɨɫɬɪɭɤɬɭɪɨɣ (ɪɢɫ. 1). ɇɚ ɪɢɫ. 2 ɢ 3 

ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɤɚ (ɦА/ɫɦ2
)ɨɬ ɜɪɟɦɟɧɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɪɚɡɭɳɢɯɫɹ ɩɨɪ ɩɨ ɪɚɡɦɟɪɭ. 
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ɚ)  ɛ) 

Ɋɢɫ. 2. Зɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ (ɚ) ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɪɚɡɭщɢɯɫя ɩɨɪ ɩɨ ɪɚɡɦɟɪɭ (ɛ) 

ɞɥя АɈА ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɷɥɟɤɬɪɨɥɢɬɟ № 1(Ua=85 В) 

 

             

ɚ)  ɛ) 

Ɋɢɫ. 3. Зɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ (ɚ) ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɪɚɡɭщɢɯɫя ɩɨɪ ɩɨ ɪɚɡɦɟɪɭ (ɛ) 

ɞɥя АɈА ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɷɥɟɤɬɪɨɥɢɬɟ № 2 (Ua=40 В) 

 

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 1-3, ɭɫɥɨɜɢɹ ɚɧɨɞɢɪɨɜɚɧɢɹ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ АɈА. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɩɨ ɪɚɡɦɟɪɭ ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɦɨɧɨɦɨɞɚɥɶɧɵɣ ɜɢɞ ɞɥɹ ɨɛɨɢɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɧɨ 

ɦɚɤɫɢɦɭɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɚ №1 ɫɨɫɬɚɜɥɹɟɬ 40 ɧɦ, ɚ ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɚ №2 85 ɧɦ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ ɩɨɤɚɡɵɜɚɟɬ ɬɪɢ ɫɬɚɞɢɢ: ɧɚɱɚɥɨ ɨɤɢɫɥɟɧɢɹ, ɧɚɱɚɥɨ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɪ, ɪɨɫɬ ɩɨɪ. Ɉɞɧɚɤɨ ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɚ № 2 ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɛɨɥɟɟ 

ɢɧɬɟɧɫɢɜɧɨɦ ɩɪɨɰɟɫɫɟ ɨɤɫɢɞɢɪɨɜɚɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɨɪ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ. 

Ɂɚɤɥɸчɟɧɢɟ. Аɧɨɞɢɪɨɜɚɧɢɟ ɚɥɸɦɢɧɢɹ ɜ ɪɚɫɬɜɨɪɟ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɵ (ɷɥɟɤɬɪɨɥɢɬ № 2) ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɪ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ (40 ɧɦ ɜ ɫɪɟɞɧɟɦ). Ɂɚ ɫɱɟɬ ɛɨɥɟɟ ɚɝɪɟɫɫɢɜɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɥɢɬ № 1 (ɨɪɬɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ) ɫɩɨɫɨɛɟɧ ɱɚɫɬɢɱɧɨ ɪɚɫɬɜɨɪɹɬɶ ɨɛɪɚɡɭɸɳɢɟɫɹ ɦɟɥɤɢɟ 

ɩɨɪɵ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɨɫɬɭ ɩɨɪ ɫ ɞɢɚɦɟɬɪɨɦ 85 ɧɦ ɜ ɫɪɟɞɧɟɦ. 
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