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Effect of Sulfuric Acid Addition on the Aluminum AC Etching in HCl Solution
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Abstract: When sulfuric acid was added in HCl etching solution, corrosion of aluminum metal was inhibited by the chemical adsorption of sulfate ions.
In the presence of SO 12, cyclic voltammetry showed that the protective oxide film was formed on the inner surfaces of etch pits and, pit density was
increased by nucleation on both the aluminum surface and the pits inside. Structure and distribution of etch pits found in AC etching of aluminum were
strongly influenced by the concentration of SO ;? and the amount of cathodic pulse charging. Below 08 mC/em’ of cathodic pulse charging, oxide
films formed inside actively dissolving pits indicated the higher resistance to pit nucleation as the concentration of SO ;? increases. However, the structural
change of oxide films occurred above the 0.8 mC/em’ charging and the effect of SO ;2 was minimized, and it resulted in the rapid formation of etch pits.
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I ) 1. Aluminum Holder
ON)) 2. Counter electrode(Pt)
3. Reference electrode (SCE)

) 4. Magnetic bar

- 5. Stirrer/Heater

\_ @CTD 6. Temperature Controller

I ® o o l 7. Potentiostat/Galvanostat

8. Elcctrometer
9. Oscilloscope
10. Computer

Figure 1. Schematic diagram of experimental apparatus.
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Figure 2. Effect of the H.SO; addition on the pitting potential of
aluminum (scan rate: 20 mV/s, basis; 1 M HCL, 40 C).
(a) HCI only, H;SO4 concentration; (b) 0.01 M, (¢) 0.1
M, (d) 0.2 M, and (e) 05 M.
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Figure 3. Linear sweep voltammogram with different concentra—
tions of H2SOy4 (scan rate: 20 mV/s, 40 C). (a) 0.01 M,
() 0.1 M, and (c) 02 M.
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Figure 4. Cyclic voltammogram obtained in 1 M HCl solution
(scan rate: 1 V/s, 40 C). Each number represents the
number of cycles in cyclic voltammetry.
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Figure 5. Cyclic voltammogram obtained in solution with 0.1 M
H.SO4 as an additive (scan rate: 1 V/s, basis; 1 M

HCl, 40 C). Each number represents the number of
cycles in cyclic voltammetry.
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Figure 6. Applied current waveform.
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Figure 7. Etch pits distribution on aluminum surface with AC
etching (etching condition: 2.2 M HC], frequency = 10 Hz,
40 C). (a) HCI only and (b) 0.01 M H:SO4 addition.
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Figure 8. Oxide replica image of etch structures with different
cathodic charging (etching solution: 1 M HCl + 0.056 M
H,SOs solution, 40 C). (a) 0.8 mC and (b) 3.2 mC.
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Figure 9. Potential transients for a rising section of cathodic current
pulses. t. is varied. t,=2s;i,=40mA/cm?® and
i.= —20mA/cm?® Etching solution: 1 M HCl +0.05
M H2SO; solution, 40 C.
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Figure 10. Variation of JE according to the increase of catho~
dic charging. Both i, and t. are varied. etching
condition; t ,=2s, i,—=40mA/cm? and etching
solution: HoSO; is added in 1 M HCI solution, 40 C.
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Figure 11. Variation of t, according to the increase of cathodic
charging and HSOy concentration. Both i, and t. are
varied. etching condition; t ,=2s, i,=40 mA/cm?

and etching solution: HySO4 is added in 1 M HCl
solution, 40 C.
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Figure 12. Potential decay rate according to the increase of
cathodic charging and H:SOs concentration. t. is

varied. etching condition; t ,=2s, i,=40 mA/cm?
and i.=—20mA/cm® Etching solution: HzSOy is
added in 1 M HCI solution, 40 C.
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