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A Study on the Electrochemical Behaviors of Al and Al-Sn Alloys in NaOH Solution

Kyung-Keun Lee and Kwang-Bum Kim

Department of Metallurgical Engineering, Yonsei University

Electrochemical behaviors of Al and Al-Sn alloys in NaOH solution were
systematically investigated by open circuit potential, I-E polarization and self-cor-
rosion rate measurements. Sn superactivates Al when present in solid solution. The
higher the solid solution level, the wider the potential range over which
superactivity occurs. For an Al-0.12wt% Sn alloy the potential range over which
superactivity occurs extends between the SnHa(g;)/Sn® reversible potential and the
Sn°/Sn032" reversible potential. At superactive state, Al-Sn alloys have more neg-
ative open circuit potential than that of pure Al and exhibit enhanced polarization
characteristics and reduced self-corrosion rate. Increase in partial anodic current
and decrease in partial cathodic current at superactive state is due to reduction of
oxide film resistance and high hydrogen overvoltage of Sn, respectively. At poten-
tial below the Sn°/SnHy(,) reversible potential, Al-Sn alloys can be hyperactivated
i.e. exhibit extremely active, high corrosion behavior.

Keywords : Al-Sn alloy, Al-air battery, activation, super activation, hyper-activation.
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Fig. 1. Variation of open circuit potentials of pure
Al and Al-Sn alloys with immersion time in 4M
NaOH. a) OCPs of pure Al at various tempera-
tures, b) OCPs of Ai-Sn alloys at 20°C, ¢} OCPs
of Al-0.09wt% Sn alloy at various temperatures.
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Photo 1. Scanning electron micrograph of pure Al
after immersion for 20min. in 4M NaOH at 20°C.

32 AIFHAE -2.2Vgeedl A olnh %ol A
Az FE2gA Hold F -1.85Vge2 AAH
#E Uetd ol A9 hyperactive A€ d
A superactive FJej2e] Ho|& Yehlin] Sng
o] Z7l84E hyperactive JHE HX 3=
Al Zko] ZABtEAT. o]ZFE hyperactive AFej
o AANL HIEHY Sno F YHT @
A7t A3 LA ol Snol AFEH &
A& 7% hyperactive A ejd) A superactive 4
gzl 2y Hojrr dold g & # Ao

Al-Sn 382 superactive AtE] o Aol &) 7}
AYs ¢4 Al A5RY o &9 3o 73
2 AFAY(~-184Vsp)E A ST a8y
Al-0.02wt%Sn ¥EH 32 294 hyperactive 4
7t AA FXH™ superactive ]z o] A
o) 7} douR geth o] 2R superactive 4
2ol Holg SME dAF o442 Sno
ASgH Ao & & 4 ATh

3 2 AT JhdE AS5AYY & 9F
A ¥ & A Fig. 1 c)e 2o} superactive
dHdAMe &7t 2718 8 AF3AY97 &
8 #gez olFds o, hyperactive e oA
JeEld = A9t exd 9% w@x @it
ol 2 7§ superactive Jeio A& A3 L=
A3 Ao ATt g FIlo AYPHY 2



NaOH #&4uofA Al ¥ Al-Sn 8 B39 A7y AFd 88 I+ 183

=7t F715 wel Asmate Aol FHad
oq o €9 9 Mz AFHYE Heple
Ro2 WDHD, hyperactive FelodlXs 443}
meto] B ol §4o] =&H bare AlZ HH
9] g7 AYPkn FPEoh

Photo 2% Al-0.09wt%Sn¥ &8 2] hyperactive
Aef o} superactive JeielA TEE A SEM
AR & JebA T} superactive AEME ¥
A PyP§ wdo] BA=HYew ol HIEH F
A3 g}rt APHYEE origd. 2IY
hyperactive Aejdld= ¢ Az Ede] &7
Hyon Ale] FHE &3/ FHHFo2 Y
so] AFEAY PYE Aol #FHE ©F
A Zo] AZEH YA

Fig. 2= 20CoA 3 ALEAZ(rotating elec-
trode, RDE)& o] &3l 2& &4 Ald Al-Sn
HFAZe dF A =dNAM e M= S
A9 & Jehduh Al-Sn $EdFe A+ A
o] A Y& ALET AALBIAFE o] &
o] Asidel hFrt FLE A$ hyperactive
Ae 7t FAHE Azte) FEE € F A

Sn& FIZo] g3 wet Al A &
Zzoz Wadd 23y Alzte] A7 »
gutgo o 2 AZEAA A 2HH] AF
o g7t Aggd wal AFFHA A Sndg
¥5E= Z715A @k Sno A EAAAY F
7} superactive A2 HolH 7| FEYE A
o A= hyperactive AEjol A superactive 4
e F28 HolsARD AAIVHRFE o &
e Hsjde UFE AFEY A AFTERIY
BSANEES ZFAHoz Y2 HEHEZ
A Aol AAE U FSERG FFHEHA &
A5 & Sne| Fo] How, watM hyperactive 4
gt $ASHE Azl FUlHE Rez A4d

3.1.2 7482 (Open circuit) ZolAM =5 Al
I} Al-Sn EEE3Y XI|RARE

gz £49 FAM Al 83d& ¥Y EE

-

—— OCP of Al - 0.08wt% Sn alloy

18 L

8 a)

7]

©

> 20 t

>

8

T 221

o

Q

Q.
2.4 . N . RE—
.0 200 400 600 800 1000 1200

time ( sec. )

(a) hyperactive state( x1000) 10m

Ammutdu —— £y _— . =" ..-
" A ey
* & g‘" -
e t gf‘“(m Qﬁ;
a ) .
%, ‘*t

(b) superactive state( x 100) 10m

Photo 2. Scanning electron micrographs of Al-0.
09wt% Sn alloy after immersion fo 20min. in 4M
NaQOH at 20¢C.
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Fig. 2. Variation of open circuit potentials of pure

Al and Al-Sn alloys with immersion time in flowing
electrolyte condition in 4M NaOH at 20¢C.
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Fig. 3. Open circuit potentials and hydrogen evolu-
tion rates of pure Al at various temperatures in
4M NaOH.
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Fig. 4. Open circuit potentials and hydrogen evolu-
tion rates of Al-0.04wt% Sn alloy at various tem-
peratures in 4M NaOH.

Table 1. Open Circuit Potentials and H, Evolution
Rates of AI-Sn Alloys in 4M NaOH at Various
Temperatures

Electrode Potential ~ H, Evolution rate
(V vs. SCE) (mL/min.cm?)

at 20°C at 40T  at 20C at40¢

Al-0.02wt%Sn - *(-2.2) -*(-2.2) -*(31) -*(4.3)

Al-0.04wt%Sn -1.82(-2.2) -1.86(-2.2) 0.09(2.9) 0.37(4.2)

Al-0.09wt%Sn -1.82(-2.2) -1.84(-2.2) 0.06(2.0) 0.26(4.1)

Al-0.12wt%Sn -1.83(-2.2) -1.85(-2.2) 0.04(1.9) 0.20(2.8)

Al-0.2wt%Sn -1.83(-2.2) -1.86(-2.2) 0.05(1.7) 0.30(3.2)

Al-0.4wt%Sn -1.83(-2.2) -1.87(-2.2) 0.05(1.3) 0.32(2.9)
*( ) at hyperactive state.
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3 2 e FAAAYE e Sndl B 4
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F9 olF 929 E U
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FUD LA F F70 Udegug olxng ¢
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Zdo. o] MdAFdAM dguEs AARe
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hyperactive 48]l & Sno] 0.2wt% oA ¥ 3%
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Fig. 5. Potentiodynamic polarization curves of
pure Al and Al-Sn alloys in 4M NaOH at 20<C.
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Fig. 6. Potentiodynamic polarization curves of
pure Al, pure Sn, Al-0.02wt% Sn, Al-0.4wt% Sn
alloys in 4M NaOH at 20C.
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Fig. 7. Potentiodynamic polarization curves of Al-0.04wt%Sn and Al-0.09wt% Sn alloys in 4M NaOH at 20C.
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Fig. 10. Steady state polarization curves of Al-Sn alloys in 4M NaOH at 20°C.
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