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ABSTRACT

Anodic oxidation behavior of TiCode-12 has been studied in the dissolved oxygen-free H3B03-Na;B407
10H,0 buffer solution (pH=9.04) at room temperature by galvanostatic method in the current range of 1.05
to 8.65 A/cmz. The Tibase alloy specimens which contain small amount of Ni and Mo were used as mill-an-
nealed without further heat-treatment. Experimental results revealed that oxide film was spontaneously formed
on the TiCode-12 in the tested buffer solution and the corrosion resistance of the alloy seemed to depend
upon the stability of this film. The observed potentiodynamic polarization curves of the specimens in the buffer
solution showed two distinct passive regions, but the typical active-passive transition phenomenon with so
called active nose was not appeared on the curves. The potential of the TiCode-12 specimen increased linearly
up to +1000 mV vs. SCE at every current densities studied during the galvanostatic anodic oxidation experi-
ments, and oxygen evolution was observed above +1000 mV. The anodic oxidation rate of the TiCode-12
in the buffer solution could be expressed with an empirical equation, i = AyA; exp (BHE — Q/B3), where
Ai and Bi are constants, showing proportionality to the electrode potential of the specimen and inverse pro-

portionality to the film thickness.
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Table. 1 Chemical composition of the TiCode-12 compared with pure titanium.

C Fe N H 0 Mo Ni Ni Ti
TiCode-12 0.013 0.13 0.012 0. 008 0.13 0.31 0.7 bal.
Pure Ti 0.10 0.11 0.011 0. 008 0,12 bal.
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Fig. 2. Schematic drawing of experimental ap-

paratus.
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Fig. 3. Open-ircuit potential-time curves of

the TiCode-12 in boric acid-sodium
borate buffer solution (pH=9.04).
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Fig. 4. Potentiodynamic polarization curve of
the TiCode-12 in boric acid-sodium

borate buffer solution (pH=9.04).

ol4] 4| Ewio] Mz HFAHE Hidte Ao
2T 5 gk 2 Al A o] #e 4]
ZHoll Al E 71l g (= 5mV)xeh Hyg = ®=
g AF Aol Eedkdlerle we Alvbe] 4zl A
o] ol4t5]e) 7] wlFoll open-circuit AElEE A9
of Hmlg A Aelz Tt ofuedf AL o
F stk weba Fgef el ole A SfeliA

Ald g wlel AAe] olw]aksia] 2| Al ddnie] Abst
|

R LS EEEREE s

Aol gle ARA Qe EuauE At ol
47ksiglet,

Fig. 5% potentiostat & Ap§-38keq 300mV,
—100mV, +100mVell4l 1417 &b A8l <l
Azt A 7ol Aol decay curved: viERH A
o[v}, Fig. 6 l‘”’ﬂ of| u] A4l 2] A] Holl o 4
AT (=3.78pA/crl) & F ook A=A oF-rakst
24g & Aspole

x:-300mV
10k °:~-100mV
; o:+100mV
x
R
= |
EN Y

S 'E Ao,
< § "x0,

5 | 23 o
O g o

x =]
Oxo o .

x o, ° o

-]

01t x

t
1L0 20 30 40 50 60
Time {min)}

Fig. 5. Current decay curves of the TiCode-12
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oxidation at different potentials in boric
acid-sodium borate buffer solution
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Fig. 6. Galvanostatic anodic oxidation curves

of the TiCode-12 subjected to the
preliminary potentiostatic anodic oxida-
tion at various potentials in boric acid-
sodium borate buffer solution (pH=
9.04).
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Table 2. Calculated thickness of oxide layer
formed on the TiCode-12 at different
current densities during the
galvanostatic anodic oxidation.

Current density Charge density d
(MA/ctl) (mC /eni) (A)
1. 05 6. 30 15.3
2.06 6.18 15.0
3.35 6.61 16.0
4.90 6.76 16. 4
7.15 6. 43 15.6
8.65 6. 22 15.1
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Table 3. Observed capacitance of the TiCode-12

at different current densities during
the galvanostatic anodic oxidation.

Current density Slope Capacitance
(MA fent) v/C) (mF /cnt)
1.05 224 4. 46
2.06 241 4. 14
3.35 249 4.01
4.90 253 3.95
7.15 251 3.98
8.65 g 272 3. 67
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Effects of Tin Content and Heat Treatment on the
Anodic Characteristics of Al-Sn Alloy

C. W. Park and S. R. Yoon

Department of Materials Eng., College of Enginieering,
Hanyang University

ABSTRACT

Anodic characteristics of specifically prepared laboratory Al-Sn binary alloys in 3% NaCl aqueous solution
have been studied to clarify the effect of Sn addition to Al sacrificial anode. Five nine grade pure Al and reagent
grade Sn were melted in a high purity graphite crucible in a glove box under Ar atmosphere. The amount of
Sn addition to Al was varied in the range of 0.05 to 0.8% by weight. Alloys thus prepared were fashioned into
electrode specimens as cast or after different heat-treatments. Distribution of Sn in alloy specimens was ex-
amined by EPMA method, which revealed that only the alloy specimens containing less than 0.2% wfo Sn
maintain the Al-Sn solid solution after homogenizing heat-treatment at 620°C for 18 hrs. Segregation of Sn
at grain boundaries and even within grains occurs in other specimens. Only the Sn dissolved within aluminum
grains appeared to have a major effect on the anodic characteristics of alloy. Most Al-Sn alloy containing more
than 0.05 w/o Sn exhibited very low corrosion potential of —1450 % 20mV vs. SCE except those heat-treated
at 500°C. In potentiostatic anodic polarization measurements for alloy specimens, the largest polarized currents
at each set potentials were observed in the alloy specimen which contains 0.2 w/o Sn and homogenized it
620°C as well Galvanic couples of the latter alloy specimen coupled to mild steel cathode with the apparent
area ratio of anode to cathode 1:63 gave steady state galvanic current of 17 mA and exhibited electrode poten-

tial of —1190 mV vs. SCE in 3% NaCl solution, completely protecting the steel cathode even after 72 hours

passed.
M 2
olx]v] Zn, Mg, Cd & #7tstd HFagel ¥
1960 dTH o} F, -9 7lol A ARRSE AT Ase Aoz A ek A olE sl
2o AT AMerMde g WAAFIEZ A & Hrtgdel g A7 AE4E AFE @A
o] gho| 2ol gldl, FaFU4EA4 Sn, He, o]l B3, 2 ol7h]Feol W AdFE FHAAM F
58 4wk st sigolA e FAASL ) 3 Zold 4 A uby, obAE ol @ A
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Fig. 1. Phase diagram of Al-Sn binary system.
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Table 1. Designation of each specimen
S
nw/o | 0.05 0.08 0.1 0.2 0.5 0.8
Heat Treatment
as Cast C 00 CcC 05 C 08 C 10 Cc 20 C 50 C 80
Homogenized
. 6H 00 6H 05 6H 08 6H 10 6H 20 6H 50 6H 80
at 620C
Homogenized _
. 5H 00 5H 05 5H 08 5H 10
at 500C
.
Quenching L 20 [ L 5 |L 8
from Liquid
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Table 1 o]} ojsle] @& AlHe FFHE £
Fol F& Foloh 4 Aldal A JEE dolE
A el o 7F Ao A& o] Hoj 1}
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=

o] FA e 7 Aol HEA CuBAE W
2 474% F, 9AY Aur] W] 2EHESF
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5wt

2. §BAH W2 SnBEEAE ZA

& FFA1H ol Snol BA FE= U
2} slebalz] $isted 9 shA] SHE A AJHE 3
2 o] AlHue] #u|H =22 Sno FEAIS
EPMA ##7t #25 SEMo2 a3t ol
Ao Fue g e TR Asidc
(D emery paper 400, 800, 120022 <impg of
AEoz vz, F4.

® diamond polishing compound (1 #) 2 A =}F o}
Algoz &x, 54,

® CH,0H(99.6%) 950 m¢ +HNO, (63%) 15 mé
+ HC£0, (60%) 50me& AMHLAo=2 3
i stainless steel® cathode 2 3] 20~25
V DC2Z 5~10sec &< Asidn} #4AF A

£,
@ HF 1% f4WellA 1~ 2+¥7 etching¥ 4
Al

3. HBABS HAMA &Y U BSAH
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dadz AHIHS AM AzAZ F Ajde] %

Gah g akA WEIF7] o des-
5o}

pH= 62 3% NaCl4-&4 g, 71EQToze &
F22A43(SCE)E Agstged gez ve
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234de Ade 24047 FFA) =2

2 H 3omv Aoz FRY IR £33

sigich, Algel E3AAE Ao E5AFT A
Lo 27 5tebrt AAAFLE Hepisled ol F
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S #4¢ vepddch Al ¥5¢ BoEE £
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AAHAY 2E d4-F4704 AI(OH), & CI
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g AAFHE HYT o YARAFH =25t
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Fig. 3~7< Snazt3d dAxjz7e¢ 2
F7lz HE Al Alue] SEMUA A4 5l Sne
EPMA ¥4 #AnE vehd Heloh

Snel #ake] 0.1w/08l F&A1H S A4l (Fig. 3)
2w QA9 Yol =5 Sne HAeo| F3ldA
el Qlol F2 Aldo e dutH e Sne T
A ngo] o|FojzA & &+ Utk 2@

5)

2) 7
6)

>

31 } EF
4)

1) Potentiostat

2) Electrometer (ammeter)

3) Platinum electrode

4) Working electrode (specimen)
5) Salt bridge

6) Saturated Calomel Electrode

7) pH-ion meter 135 (voltmeter)
8) porous membrane

9) 3% NaCl solution

A schematic drawing of the experi-
mental apparatus.

Fig. 2.
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Fig. 3. Micrographs of SEM (a) and the corresponding EPMA (b) of Tin for Al-0.1 Sn alloy

(as cast).

Fig. 4. Micrographs of SEM (a) and the corresponding EPMA (b) of Tin for Al-0.05 Sn alloy

(homogenized at 620°C).
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Fig. 5.
(homogenized at 620°C).

Fig. 6.
(homogenized at 620°C).

W o g 4v|e] Bdg 248 4 glgleh

Fig. 8 & 3% NaCl 58} dloA Sn, T2E
7, exd Al Y Eoka AlSn #EEY ¥AA
A& A7lel et A4 FAFelnk, Sne —430
mV, F+ZE&7L —660mV, TFI AlL —950mV
o] BAAE ebylond ALSp $EFL o4Y

o oAect a9 —1450mV Y F4] A

Micrographs of SEM (a) and the corresponding EPMA (b) of Tin for Al-0.2 Sn alloy

Micrographs of SEM (a) and the corresponding EPMA (b) of Tin for Al-0.8 Sn alloy
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quenched from liquid phase).

o - TIN
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Fig. 8. Corrosion potential (vs. SCE) versus
time behavior for various specimens

in 3% NaCl solution.

Micrographs of SEM (a) and the corresponding EPMA (b) Tin for Al-0.8 Sn alloy (water
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Table 2. Steady state corrosion potential values for various Al-Sn alloy specimens in 3% NaCl

solution (mV vs. SCE)

Sn w/o 0 0.05 0.08 0.1 0.2 0.5 0.8
Heat Treatment
as Cast —960 | —1425 | —1440 | —1430 | —1455 | —1420 | —1455
Homo-genized
; ~925 | —1440 | —1445 | —1450 | —1460 | —1455 | —1440
at 620C
Homo-genized
) ~920 | —1050 | —1150 | —1080
at 500C
hing |
Quenching from ~1445 | —1450 | —1440
Liquid
Sn: - 430 Mild Steel : —660
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Fig. 10. Anodic polarization curves for various
Al-Sn alloy specimens (as cast).
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Fig. 11. Anodic polarization curves for various
Al-Sn alloy specimens.
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