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ALDCS8 (Al-Si-Cu) alloy has been often corroded with pattern of intergranular corrosion in corrosive
environments. Thus, in order to improve its corrosion resistance, the effect of annealing heat treatment
to corrosion resistance and hardness was investigated with parameters of heating temperatures such as 100
C, 200 C, 300 C, 400 C and 500 C for lhr. The hardness was varied with annealing temperature
and slightly decreased with annealing heat treatment. However, the relation between annealing temperature
and hardness agreed not well each other. Corrosion potential was shifted to noble direction and corrosion
current density was also decreased with increasing annealing temperature. Moreover, both AC impedance
at 10 mHz and polarization resistance on the cyclic voltammogram curve were also increased with increasing
annealing temperature. Furthermore, intergranular corrosion was somewhat observed in non heat treatment
as well as annealing temperatures at 100 C, 200 C and 300 C, while, intergranular corrosion was not
nearly observed at annealing temperature of 400 C, 500 C. Consequently, it is considered that the annealing
heat treatment of ALDCS alloy may be an available method not only to inhibit its intergranular corrosion
but also to improve its corrosion resistance.
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1. Introduction

Al has been widely used as an industrial material for
long years". Moreover, Al not only is easily casted, but
also has the good corrosion resistance in both acidic and
neutral solution. However the mechanical property of the
high pure Al was slightly poor because its crystal structure
is a face centered cubic lattice?. Therefore, the mechanical
properties such as strength, hardness have been consid-
erably improved by Al alloy added with small amount
of component such as Mn, Mg, Si and Cr etc. However,
when Al alloys are being used in severe corrosive environ-
ment, several types of corrosion such as pitting, inter-
granular, stress and galvanic corrosions etc. were some-
times appeared inevitably. Hence, the studies on both the
kinds of alloying elements and controlling of their amount
as well as an optimum heat treatment method have been
continuously examined*™'? In spite of these studies, it is
well known that ALDCS (Al-Si-Cu) alloy is often cor-
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roded as a form of intergranular corrosion in marine envi-
ronment compared to other alloy such as ALDC3 (Al-Si),
ALDCS5 (Al-Mg) alloys. This is because Cu as an alloying
element is larger than other alloy, that is, compared to
ALDC3 (Al-Si), ALDC5 (Al-Mg) alloys

Therefore, we investigated the effect of annealing heat
treatment on corrosion resistance and hardness of ALDCS
(Al-Si-Cu) alloy. Consequently, it is considered that the
results of this study may serve as a good available refer-
ence data set for successful information on the mechanical
and corrosion characteristics when the annealing heat
treatment is performed on the ALDC8 (Al-Si-Cu) alloy

2. Experimental Procedure

Table 1. Chemical composition of ALDC8 (Al-Si-Cu) alloy (wt %)

Cu | Si |[Mg| Zn | Fe | Mn | Ni | Sn Al

25 |11.5) 03 | 1.0 | 09| 05| 05 | 0.3 |Residual
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The main chemical components of ALDCS (Al-Si-Cu)
alloy are Si 11.5 %, Cu 2.5 % as shown in Table 1.
Hence, this is thought to be heat treatable to improve its
mechanical property and corrosion resistance. The anneal-
ing treatment was carried out with various temperatures
such as 100 ‘C, 200 C, 300 C, 400 C and 500 C
for 1 hr. The size of test specimen for electrochemical
and mechanical measurements was manufactured with
size of 2 cm x 2 cm, and then, 1 cm’ for working surface
is exposed in center area of the specimen, and the other
surface was insulated with epoxy coating.

Corrosion potential and polarization curves (scan speed:
1 mV/s), cyclic voltammogram (scan speed: 30 mV/s) and
AC impedance were measured through CMS-100 system
(Gamry Instruments, Inc. U.K). Test solution was the nat-
ural sea water and its temperature was nearly maintained
at 25+2 C.

The microstructure of the surface after annealing heat
treatment and corroded surface after drawing of anodic
polarization curve were observed by SEM image (Model:
SV35, Sometech, Com, Ltd). The surface hardness was
also measured depending annealing heat treatment.
Vickers hardness was measured three times in center area
of the test specimen, and obtained their average values
at each annealing temperature.

3. Results and Discussion

Fig. 1 shows the morphologies of the surface micro-
structure after annealing heat treatment with various
temperatures. The microstructure of the non-heat treated
specimen consisted of a dendrite of a phase with white
color and eutectic structure mixed with Si and CuAl, with
black color'® However a phase increased slightly with
increasing of annealing temperature, in particular, in the
annealing temperature at 500 ‘C, aphase was considerably
increased than that of other annealing temperature, while,

Fig. 1. Morphologies of microstructures with various annealing
temperatures.
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Fig. 2. Variation of hardness with various annealing temperatures.
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Fig. 3. Variation of corrosion potentials with immersion time in
sea water solution.

the eutectic structure of Si and CuAl, with black color
was significantly decreased compared to those of non-heat
treated or heat treated specimens in the other annealing
temperatures. It is considered that this result may be
caused in a little effect leading inhibition of creation of
secondary phases (eutectic structure of Si and CuAly) by
annealing heat treatment.

Fig. 2 shows variation of hardness with various anneal-
ing temperatures. The hardness was slightly decreased
with increasing annealing temperature with heat treatment
compared to non-heat treatment. However, the relation-
ship between annealing temperature and hardness matched
not well each other, for instance, the hardness at both
200 C and 400 C temperatures exhibited more or less
higher values rather than those of 100 C and 300 C.

Fig. 3 shows variation of corrosion potentials with im-
mersion time in seawater solution.

The corrosion potential was immediately shifted to no-
ble direction as soon as immersion, and then, sustained
nearly the stable values against all test specimens. This
result is considered to be demonstrated that moving of
the noble potential was resulted in oxide film creation.
Moreover, it is reported that Al alloy have a good corro-
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Fig. 4. Comparison of anodic polarization curves with various an-
nealing temperatures in natural seawater solution.

sion resistance in neutral solution compared to acidic or
alkali aqueous solution'¥. Furthermore, the corrosion po-
tential in annealing heat treatment at 500 C exhibited
the noblest value of corrosion potential. As a result, it
is assumed that the annealing heat treatment at 500 C
indicated qualitatively the best corrosion resistance com-
pared to the other annealing temperatures. By the way,
we have discussed about microstructures in previous Fig.
1, that is, aphase with white color in the annealing temper-
ature at 500 C was considerably increased than those of
other annealing temperatures, while, the eutectic structure
of Si and CuAl, with black color was significantly de-
creased than those of both the non-heat treatment and the
other annealing temperatures. Therefore, it seems that a
phase with white color and eutectic structure of Si and
CuAl, with black color may increase and decrease the
corrosion resistance, respectively.

Fig. 4 shows variation of anodic polarization curves
with various annealing temperatures in natural seawater
solution. As shown in Fig. 4, all polarization curves showed
nearly same patterns irrespective of annealing temper-
atures or non-heat treatment. In addition, the anodic polar-
ization curve rapidly shifted to upper direction nearly
same as that of passivity pattern from applied current den-
sity at about 4x10” A/cnr’. This is considered to be for-
mation of resistance polarization caused by deposition of
corrosive products or concentration polarization on the
surface during drawing of anodic polarization curve. As
shown in Fig. 4, in the case of annealing temperature at
500 C, the current density indicating as horizontal arrows
exhibited more or less the smallest value than the other
annealing temperatures.

In this study, the surface of the test specimen of ALDC
8 alloy may be deposited with oxide film like ALLO; in
seawater solution, thereby anodic polarization curve is
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Fig. 5. Comparison of corrosion current densities with various an-
nealing temperatures.

able to involve large amount of resistance polarization due
to the oxide film. As a result, the corrosion property by
using Tafel extrapolation method could not be correctly
calculated in all specimens, that is, non heat treated or
heat treated specimens. Moreover, the vertical arrows
shown in Fig. 4 indicate the current densities correspond-
ing to corrosion potentials. This is because anodic polar-
ization curve was drawn from corrosion potential at the
beginning. Therefore, it is suggested that the current den-
sities corresponding to corrosion potentials can be as-
sumed as the approximate values of corrosion current den-
sities'”.

Fig. 5 shows approximate values of corrosion current
densities obtained from the vertical arrows of Fig. 4.
Theapproximate values of corrosion current densities ob-
tained by annealing heat treatment represented relatively
smaller values than that of nonheat treatment. In partic-
ular, in the case of annealing temperature at 500 C, the
approximate value of the corrosion current density ex-
hibited the smallest value, and the value of annealing tem-
perature at 200 C followed the value of annealing temper-
ature at 500 C

Fig. 6 shows variation of 1st cyclic voltammogram with
various annealing temperatures. As shown in Fig. 6, all
cyclic polarization curves in the case of annealing treat-
ment were located at the left side compared to non-heat
treatment. This means that the polarization resistance of
the cyclic voltammogram curve in the case of annealing
heat treatment is larger than that of the non heat treatment.
Fig. 7 shows variation of 15" cyclic voltammogram with
various annealing temperatures. The pattern of 15" cyclic
voltammogram curve was also nearly same as that of Fig,
6. As a result, the corrosion resistance is considered to
be increased with increasing the polarization resistance.

Fig. 8 shows variation of AC impedance with various
annealing temperatures. In all annealing temperatures ex-

CORROSION SCIENCE AND TECHNOLOGY Vol 14, No.6, 2015



EFFECT OF ANNEALING HEAT TREATMENT TO CHARACTERISTICS OF ALDCS8 (AL-SI-CU) ALLOY

1.0

s

=

~ 05l a*

-

<

E 0.0

3

=}

2

g o5

5 —m R.Temp.—e— 100C
‘g ; ~4A-200C —w— 300C
10 & 400C < 500C
k- .

[}

45
1.802 0,00 0.02 0.04 0.06 0.08 0.10 012 0.14 016
Current Density(A/cm’)

Fig. 6. Variation of 1* cyclic voltammogram curves with various
annealing temperatures.

o]

o~

=

O

[

4 0.5

>

<

S 0.0

~—

s

2

205

£ —m—R.Temp. —8— 100C
g ~4-200C  —¥-300C
£0r 400C —<—500C
s v

(=]

-1 5l 1 1 1 L 1 1 1 1 1 1
1-'0'.()4--0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
Current Density(A/cm’)

Fig. 7. Variation of 15" cyclic voltammogram curves with various
annealing temperatures.
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Fig. 8. Variation of bode plots with various annealing temperatures.

cept only 100 C, the value of AC impedance at 10 mHz
was larger than that of non heat treatment, and AC im-
pedance in annealing temperature at 500 C also indicated
the highest value among the annealing temperatures.
These results suggest that the corrosion resistance is also
increased with increasing AC impedance through anneal-
ing treatment.
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Fig. 9. SEM photographs of corroded surface after drawing anodic
polarization curves with various annealing temperatures(x500).

Fig. 9 shows SEM morphologies of the corroded sur-
face after measurement of anodic polarization curves. As
shown in these images, the intergranular corrosion was
observed at annealing temperatures of 100 C, 200 C,
300 C, and non-heat treatment. However, intergranular
corrosion was not nearly observed at annealing temper-
atures of 400 C and, 500 C. It is well known that the
intergranular corrosion generally occurred at grain boun-
dary because inclusion like CuAl, located at grain boun-
dary is selectively corroded as an anode. Therefore, an-
nealing at 400 C and 500 C inhibits the formation of

CuAl,, improving the intergranular corrosion™'®.

4. Conclusions

The hardness of the surface was slightly decreased with
annealing heat treatment compared to non heat treatment.
However, the corrosion resistance was considerably im-
proved in all over the annealing temperatures. Furthermore,
the intergranular corrosion was also inhibited in the an-
nealing temperatures at both 400 C and, 500 C.
Consequently, it is suggested that inhibition of CuAl, by
annealing improved corrosion resistance
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