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A Study on the Superactivation Behaviors of Al-Ga Alloys in Alkaline Solution

Won-Sub Yoon and Kwang-Bum Kim

Department of Metallurigical Eng. Yonsei University. 134 Shinchon-dong Seodamum-gu, Seoul 120-749

Electrochemical behaviors of Al and Al-Ga alloys in 4M NaOH solution were
systematically investigated by open circuit potential, polarization characteristics
and self-corrosion rate measurements. Ga superactivates Al when present in solid
solution. The higher the solid solution level, the wider the potential range over
which superactivity occurs. At superactive state, Al-Ga alloys have more negative
open circuit potentials than pure Al and exhibit enhanced polarization characteris-
tics and increased self-corrosion rate as well. Consistent slopes of superactive po-
larization lines obtained in potentiodynamic experiments strongly indicate that
these systems operate under some form of ohmic control. Active Al-Ga anodes ex-
hibited similar corrosion rates and reaction morphologies to those obtained with
pure Al, but superactive Al-Ga anodes showed higher corrosion rates and much
rougher reaction morphologies than active Al-Ga anodes.
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Fig. 1. Electrochemical Cell.
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Fig. 2. Variation of open cirucuit potential of Al

and its alloys in 4M NaOH at 25, 40 and 60°C.
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Fig. 3. Variation of open circuit potential of Al-Ga
alloys with immersion time in 4M NaOH at 25C.
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Photo 1. Scanning electron micrograph of pure Al
after immersion for 10minutes in 4M NaOH at 25°C.
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Photo 2. Scanning electron micrographs( X 10000)
0f AI-0.05wt%Ga alloy during immersion in 4M
NaOH at 25°C.
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Fig. 4. Variation of open circuit potential of Al-Ga
alloys with immersion time in flowing electrolyte
condition in 4M NaOH at 25C.
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Table 1. Open circuit potentials of Al-Ga alloys

superactive state potential(Vgcg)

stagnant flowing

electrolyte electrolyte
pure active Al -1.791 -1.765
Al-0.02wt%Ga -2.010 -1.975
Al-0.05wt%Ga -1.980 -1.962
Al-0.09wt%Ga -1.980 -1.970
Al-0.12wt%Ga -2.002 -1.990
Al-0.24wt%Ga -1.999 -1.988
Al-0.5wt%Ga -1.967 -1.962
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Fig. 5. Potentiodynamic polarization curves of
pure Al and Al-Ga alloys in 4M NaOH at 25T
scan rate : 5mV/sec.
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Fig. 6. Potentiodynamic polarization curves of
pure Al and Al-Ga alloys in 4M NaOH at 407C
scan rate : 5mV/sec.
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Fig. 7. Potentiodynamic polarization curves of pure
Al and Al-Ga alloys in 4M NaOH at 60°C scan rate :
5mV/sec.
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Fig. 8. Self-corrosion rate of Al-0.02wt%Ga alloys
during 10min. immersion in 4M NaOH at 25C.
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Table 2. Open circuit potential and H, evolution
rate of Al and its alloys

superactive state  mean H, evolution

potential(Vgg)  rate (mL/min.cm?)

25C 40T 60T 25T 40C 60¢C

pure active Al -1.791 -1.814 -1.881 0.21 063 091
Al-0.02wt%Ga -2.010 -2.015 -2.031 155 4.41 11.56
Al-0.05wt%Ga -1.980 -1.989 -2.010 1.63 4.63 11.60
Al-0.09wt%Ga -1.990 -1.999 -2.025 1.36 2.79 17.10
Al-0.12wt%Ga -2.002 -2.011 -2.020 1.15 3.56 6.64
Al-0.24wt%Ga -1.989 -2.005 -2.011 1.03 3.5 8.2
Al-05wt%Ga -1.967 -1.974 -1.999 078 5.83 9.1
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Fig. 9. Shift of Al anodic polarization curve from
active to superactive state and resultant incre-
ment of corrosion rate.
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Fig. 10. Steady-state polarization curve of pure
Al in 4M NaOH at 25°C.
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Fig. 11. Steady-state polarization curves for Al-Ga alloys in 4M NaOH at 25C.
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