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1. INTRODUCTION

There are many studies where acidic solutions were
used for the process of producing anodic oxide on alu-
minium surface. These studies generally focus on the
topics such as the structure of film, the composition of
it, the transferring of ions from oxide, as a result of this
the growing mechanism of film, the breakdown of film
in the solution—producing oxide etc. Many of these
researches were performed by using electron micro-
scope. In recent years, the processes of determination
of the structure of film and the oxidation of ion types
and its amount have been performed by spectroscopic
methods [1–5]. Near eutectic Al–Si alloys are used
extensively as piston materials in modern, small auto-
motive engines [5–7]. This class of alloy exhibits com-
plex multiphase microstructures, comprising primary
(blocky) and eutectic (acicular) Si, Al dendrites and
numerous intermetallic particles. Automotive pistons
operate under complex mechanical stresses and over a
wide temperature range. Through the addition of alloy-
ing elements, it is hoped to optimize high temperature
fatigue performance without compromising room tem-
perature behaviour. The room temperature fatigue
behaviour for these classes of alloy has been studied
extensively and has identified porosity as a critical fea-
ture [7–10].

However improved casting techniques have reduced
porosity considerably. Therefore the influence of Si and
intermetallic particles on fatigue behaviour have
become more critical [11–16]. Paez et al. (1996) exam-
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ined the formation of type barrier anodic films on
Al

 

−

 

Cu alloy in their study. At first the formation of type
barrier film inside is homogenous and highly produc-
tive on the alloy surface of Al ( polished by electrolyti-
cal method)—3.5% Cu. Outer parts looking different
occur during the anodizing process and the possible
structure occurs in anodic film. Zhou et al (1999) inves-
tigated anodic oxidation of dual alloys of Al–3% Mg
and Al–5% Mg in the electrolyte of ammonium pentab-
orat and type barrier anodic film during the of high cur-
rent activity. It has been seen that the occurrence of
ionic movement of anodic oxide results from both
anion and cation migration of amorphous film. Mazhar
et al. (2001) state that the corrosion behaviour of Al
obtained in spectrums in EIS study is controlled by
multi-stepped dissolving. The breakdown of film layer
and oxide result from ions of Cl

 

–

 

. The attack of Cl

 

–

 

 ions
is due to the occurrence of complex–including Cl

 

–

 

 in
intersurface of film/solution. This makes passive layer
thin and leads to pitting corrosion.
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As the acidity of solution increases, the corrosion
current i

 

cor

 

 increases, but the polarization resistance
decreases. Kowal et al. (1996) researched morphologic
variations on the surface of 2024-T3 Al alloy plunged
into hydrochloric acidic solution. It was observed that
the corrosion of alloy in the mediums including chlo-
rine was in acidic type and Al alloy was sensitive to cor-
rosion inter grains in hydrochloric acidic medium and
have been broken the passiveness of aluminium, there
was some dissollutions through the borders of grain.
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Patermarakis and Moussoutzanis (2002) investigated
the conditions of pitting occurrence on pure Al in
H

 

2

 

SO

 

4

 

 solution. As Al dissolves, the thickness of film
decreases on the surfaces where pitting occur. While
the process in barrier layer is electrochemical on the
surface of porous wall, it is physical and chemical
inside. Oxide is formed on the intersurface of
metal/oxide according to Faraday’s law. Shau et al.
(2003) investigated the micro pitting corrosion of 2024-
T3 alloy by using the scanned micro reference elec-
trode (SMRE) united with SEM and XRD techniques.
Just after 2024-T3 alloy plunged into NaCl solution, the
micro pitting started to occur. A few corrosion active
seeds developed in a course of time, but the others got
lost. Andreatta et al (2004) investigated AA7075 alloy
corrosion as morphological of surface characterized
using complementary techniques like SEM-EDS,
TEM, scanning confocal laser microscopy, scanning
Kelvin probe force microscopy and micro-capillary
cell. The localized corrosion of AA7075 initiates at the
Cu- and Fe-rich intermetallics due to the presence of a
rather high Volta potential difference between the inter-
metallics and the matrix. It is concluded that the corro-
sion behaviour of AA7075 is dependent on microstruc-
ture changes caused by heat treatment, morphological
characterization of various surface insulating films on
aluminium. Shimizu (2004) et al. investigated by exam-
ination of porous anodic films, barrier anodic films and
corrosion product layers by using SEM/STEM. The
characterization shows clearly the value of the
approaches, particularly the ability to image directly
fine details of appropriately prepared aluminium sur-
faces that have usually required examination by trans-
mission electron microscopy (TEM). Such ready char-
acterization assists mechanistic understanding of the
contributions of the macroscopic surface and flaws or
second phase to the filming and corrosion processes.
Intermetallic phases in sand cast eutectic Al–Si alloys
were characterized using a combination of SEM, EDS
and EBSD pattern analysis in study Kral’s 2004. Chi-
nese script 

 

α

 

-phase particles were consistent with cubic
Al

 

19

 

(Fe,Mn)

 

5

 

Si

 

2

 

. Plate-shaped 

 

β

 

-phase particles were
consistent with tetragonal Al

 

3

 

(Fe,Mn)Si

 

2

 

. Liao et al.
(2002) investigated the amount of dendrites 

 

α

 

-Al phase
with varying Sr content in near-eutectic Al–11.6% Si
alloy. It was measured by quantitative metallography

analysis software and the correlation of mechanical
properties of fully modified alloy with the amount of
dendrite 

 

α

 

-Al is discussed. Addition of Sr in Al–Si
alloys results in a considerable increase of the amount
of 

 

α

 

-Al. Mechanical properties of the fully modified
alloy are linearly related to the volume fraction of den-
drite 

 

α

 

-Al, which plays a key role in improving the
mechanical properties of near-eutectic Al–Si alloys.
Joyce et al. (2003) considers two candidate automotive
piston alloys and highlights the influence of micro-
structural features on fatigue behaviour. In their study
fatigue initiation and subsequent short crack growth
were assessed at 20, 200 and 350

 

°

 

C. It is shown that
both temperature and test frequency have a strong influ-
ence on the fatigue performance of the materials tested.
The microstructure was quantitatively characterized in
terms of the primary Si distribution. Together with post
failure analysis, this allowed identification of critical
microstructural features affecting both fatigue crack
initiation and early growth. Large primary Si particles
were found to act as preferential initiation sites by
cracking or decohesion (dependent on test temperature)
and are also sought out preferentially during short crack
growth.

The aluminium alloys were used in our previous
study related to the industrial alloys. The corrosion of
these alloys determined by the Tafel’s extrapolation and
linear polarization methods and the effect of different
alcohols on the corrosion of these alloys calculated in
these studies [21, 22]. It is concluded that alcohol leads
to a decrease in the corrosion of pure copper and alu-
minium while pure Zn, Mg, and Fe accelerate the cor-
rosion of alloys in acidic media. This study is planned
to confirm our thinks.

2. EXPERIMENTAL

In this study, aluminium alloys as working elec-
trode, saturated calomel electrode (SCE) as reference
electrode, and platinum wire are used as counter elec-
trode. All the potentials on current-potential curves
obtained from experiment are measured against SCE
and the results are given according to this electrode.
The composition of aluminium alloys used as working
electrode is given in Table 1.

 

Table 1.  

 

The composition of the alloys used

Alloy Cu Mg Si Fe Mn Ni Zn Pb Sn Ti Cr

ETIAL-110 3.10 0.29 5.20 0.47 0.35 0.03 0.19 0.04 0.001 0.03 0.008

ETIAL-140 0.85 0.20 12.00 0.64 0.38 0.09 0.48 0.06 0.001 0.03 0.01

ETIAL-150 2.35 0.23 12.30 0.82 0.26 0.08 0.58 0.04 0.02 0.03 0.01

ETIAL-160 3.40 0.22 8.60 0.88 0.21 0.09 0.75 0.09 0.02 0.03 0.01

ETIAL-171 0.24 0.48 10.00 0.44 0.38 0.008 0.23 0.01 0.005 0.02 0.01

ETIAL-195 0.94 1.02 18.23 0.23 0.011 0.97 0.004 – – 0.01 0.002
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All the solutions used as electrolyte were prepared
with the substances of Merck proanalysis purity and
bidistilled water. The SEM microphotographs and the
EDX analyses were performed by LEO 1430 VP SEM
microscope and the analyses of elements passing
through the solution (Cu, Fe, Zn, Mg, Al) were per-
formed by using VISTA AX atomic absorption equip-
ment.

3. RESULTS AND DISCUSSIONS
Two types of films, i.e. barrier and porous films

occur according to the type of electrolyte used on the
surface of aluminium [23–27]. Ionic conductivity in
barrier film comes from cations, oxygen ions, hydrogen
ions and other ions (additives in the solutions, and
alloy). As a results of chemical reaction between metal-
oxide and oxide-electrolyte surface developed barrier
film metal dissolves and film becomes thick [26, 28].
The porous films at a definite potential occur on alu-

minium oxide film in H

 

2

 

SO

 

4

 

, Cr  HCO

 

3

 

, H

 

3

 

PO

 

4

 

making the effect of solvent in a great amount. The first
model for porous film indicated in Polat’s study (1997)
was stated by Keller et al. (1953) and Hunter and Fowle
(1953, 1954). When the current is applied first, the bar-
rier film starts to form on surface according to this
model. If the formed oxide breaks down in electrolyte,
the thickness of the barrier layer starts to decrease. The
film thickness as a result of dissolution proceeds simul-
taneously with the formation of oxide. The pores
become open where high current passes through and
this current causes the increase of local temperatures
which leads to an increase in the corrosion rate. This
rise results in increasing of dissolution and as a result of
this, the film which is cathode zone becomes thick [23,

O4
–,

 

29, 30]. Tedeshi (1975) proposed that acetylenic alco-
hol used for prevention of metal corrosion is more
effective in acidic media compared to that of neutral
and alkali solutions [31, 32]. The acetylenic metal com-
plexes resulted from adsorption can form protective
film in active zones where the corrosion proceeds [33].
If the film covers all the surface decisively, high level
inhibition occurs. Corrosion potentials of move to neg-
ative by adding acetylenic alcohol inhibitors into
H

 

2

 

SO

 

4

 

 medium. This case indicates the effect of inhib-
itors on the cathode reactions. For this reason, acety-
lenic alcohol acts as cathodic inhibitor in acidic media
[32, 34]. Some anions like sulphate increase the thick-
ness of oxide layer on metal surface significantly [8, 26,
28]. The corrosion rates obtained for Al–Cu–Si alloys
in 1 N H

 

2

 

SO

 

4

 

 medium are given in Table 5. It is seen
that the protective film on aluminium surface keeps its
occurrence and this situation is confirmed with the
experimental results. Having in a low level of dissolu-
tion of sulphate salt which would cause on metal sur-
face leads to an increase in the inhibitor efficiency of
the oxide film [35].

Microphotographs on the surface of alloys are
imaged in SEM. In addition the effect of structure sur-
face of alloys and compositions are determined by
EDS. The microphotograph of SEM x500 Al alloys
used in research (E110, E140, E150, E160, E171 and
E195) surface of bare, 1 N HCl, 1 N HCl + 20 mM 3-
methyl-1-pentin-3-ol, 1 N H

 

2

 

SO

 

4

 

 and 1 N H

 

2

 

SO

 

4

 

 

 

+

 

 20 mM
3-methyl-1-pentin-3-ol (3m1p3ol) media after 24 h
plunged in solutions were given in according to the
Figs. 1, 3 and 5, it is seen that the alloys in HCl are cor-
roded more comparing to the H

 

2

 

SO

 

4

 

 medium. The sur-
face microphotographs also indicate that the surface of
electrode has more homogeneous structure and is less
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Fig. 1.

 

 SEM microphotographies of Al alloys

 

 I

 

—E110, 

 

II

 

—E140, (

 

a

 

) bare surface, (

 

b

 

) 1 N HCl, (

 

c

 

) 1 N HCl + 20 mM 3-metil-
1-pentin-3-ol(3m1p3ol), (

 

d

 

) 1 N H

 

2

 

SO

 

4

 

 and (

 

e

 

) 1 N H

 

2

 

SO

 

4

 

 + 20 mM 3-metil-1-pentin-3-ol.
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corroded in H

 

2

 

SO

 

4

 

 medium comparing to the HCl
medium. It is also seen that the corrosion decreases in
both mediums by adding inhibitor and the surface has
more homogeneous structure comparing to the medium
without inhibitor. The EDX mapping microphoto-
graphs given in Figs. 2, 4 and 6 indicate that the elec-
trode surface in H

 

2

 

SO

 

4

 

 is nearly similar to bare elec-
trode surface. Aluminium which is stated as red sepa-
rates from the surface a little shows that the corrosion
level is low in H

 

2

 

SO

 

4

 

 medium. The electrode surface in
HCl + 20 mM 3m1p3ol medium changes completely.
Aluminium separates from the surface and the chlorine
ions which is stated as yellow show the presence of
complexes. Silicon stated as green in HCl medium
becomes prominent because the corrosion decreases
the percentage of aluminium. As it is seen in the results

of EDX analysis, the percentage of Si on the metal sur-
face was increased. The EDX analysis of these alloys is
given in Tables 2 and 3. It is seen that the surface struc-
ture of electrode consists metal oxides.

If SEM and EDX microphotographs, EDX analysis
and AAS results are interpreted, it is seen that there are
three phases in SEM microphotographs of bare surface
of E110 alloy. White phases show Si, grey phase shows
the compounds of intermetallics and homogeneous
region represents the matrix region which is rich of Al.
The bare surface images of EDX mapping consist of
aluminium oxides which are rich of Al. The images of
EDX mapping show that there are Al, Cu, Si and O on
the surface. Al, Cu and Si are in the oxide form on the
surface.

 

Table 2.

 

  EDX analyses results of E110, E140, E150 alloys stored during 24 hours in acid and containing inhibitor acid solutions

Sample Element % atom Type of oxide wt % oxide

E110 bare Aluminium 61.77 Al

 

2

 

O

 

3

 

78.88

Silicon 13.57 SiO

 

2

 

20.42

Copper 0.35 CuO 0.70

HCl + inh Aluminium 12.12 Al

 

2

 

O

 

3

 

40.44

Silicon 10.87 SiO

 

2

 

42.77

Copper 1.75 CuO 9.12

Chlorur 3.31 Cl

 

–

 

7.68

H

 

2

 

SO

 

4

 

 + inh Aluminium 66.98 Al

 

2

 

O

 

3

 

84.25

Silicon 9.94 SiO

 

2

 

14.74

Copper 0.52 CuO 1.01

E140 bare Aluminium 54.76 Al

 

2

 

O

 

3

 

68.46

Silicon 21.40 SiO

 

2

 

31.54

Copper – – –

HCl + inh Aluminium 15.30 Al

 

2

 

O

 

3

 

48.05

Silicon 11.75 SiO

 

2

 

43.49

Copper 0.33 CuO 1.61

Chlorur 3.13 Cl

 

–

 

6.84

H

 

2

 

SO

 

4

 

 + inh Aluminium 47.01 Al

 

2

 

O

 

3

 

69.90

Silicon 16.90 SiO

 

2

 

29.62

Copper 0.21 CuO 0.48

E150 bare Aluminium 59.15 Al

 

2

 

O

 

3

 

79.24

Silicon 12.43 SiO

 

2

 

19.62

Copper 0.55 CuO 1.14

HCl + inh Aluminium 18.87 Al

 

2

 

O

 

3

 

76.01

Silicon 4.35 SiO

 

2

 

20.65

Copper 0.41 CuO 2.55

Chlorur 0.28 Cl

 

–

 

0.79

H

 

2

 

SO

 

4

 

 + inh Aluminium 45.92 Al

 

2

 

O

 

3

 

70.71

Silicon 14.71 SiO

 

2

 

26.71

Copper 1.07 CuO 2.58
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E110 alloy is the second alloy whose Cu content is
the highest level while its Si content is the lowest level.
Al–Si double system is a eutectic system. The eutectic
point can be indicated as 12.2% ± 0.1 Si [36]. Accord-
ing to Al-Si double phase diagram Si containing of
E110 alloy comes to the point six of 5.2% Si eutectic
below in phase diagram of Al–Si double system.

When SEM images in HCl medium are examined, it
can be seen that the metal surface is corroded signifi-
cantly. Al and the other alloy elements pass through the
solution the most in HCl medium comparing to the
AAS results. When the inhibitor added in it, the other
alloy elements decrease except Fe forms dissoluble
complexes with Cl–. When the SEM images examined
for HCl + 20 mM 3m1p3ol medium, smoother structure

which is not sharp can be seen instead of spinose struc-
ture in HCl medium. When EDX is examined, Cl– can
be seen on the surface where Cl– forms lumps probably

in the form AlC  dissoluble complexes. Si remains
unsolved. Because Al decreases on the surface, inhibi-
tion occurs less compared with H2SO4 medium and the
results of EDX analysis confirm also with these find-
ings. While Al, Si decrease in HCl medium, Cu
increases. The increase of Cu content may cause the
increased effect of the inhibitor. The amount of element
passing through the solution in HCl + 20 mM 3m1p3ol
medium decreases. When SEM microphotographs are
examined, the surface is smoother, more homogeneous
and no spinose structure can be seen in H2SO4 medium

l4
–

Table 3.  EDX analyses results of E160, E171, E195 alloys stored during 24 hours in acid and containing inhibitor acid solutions

Sample Element % atom Type of oxide wt % oxide

E160 bare Aluminium 56.61 Al2O3 72.99

Silicon 17.13 SiO2 26.03

Copper 0.48 CuO 0.98

HCl + inh Aluminium 11.59 Al2O3 28.51

Silicon 20.21 SiO2 58.59

Copper 1.49 CuO 5.72

Chlorur 4.20 Cl– 7.18

H2SO4 + inh Aluminium 45.59 Al2O3 70.89

Silicon 14.62 SiO2 26.80

Copper 0.95 CuO 2.32

E171 bare Aluminium 59.03 Al2O3 73.80

Silicon 17.62 SiO2 25.97

Copper 0.12 CuO 0.23

HCl + inh Aluminium 10.82 Al2O3 57.66

Silicon 4.52 SiO2 28.39

Copper – – –

Chlorur 3.76 Cl– 13.95

H2SO4 + inh Aluminium 58.00 Al2O3 75.31

Silicon 16.13 SiO2 24.69

Copper – – –

E195 bare Aluminium 37.46 Al2O3 48.52

Silicon 32.70 SiO2 49.91

Copper 0.38 CuO 0.77

Magnezium 1.29 MgO 0.80

HCl + inh  Aluminium 28.91 Al2O3 40.65

Silicon 26.96 SiO2 49.84

Copper 7.73 Cl– 8.43

H2SO4 + inh Aluminium 39.57 Al2O3 58.23

Silicon 27.40 SiO2 39.71

Copper 0.57 CuO 1.31

Magnezium 1.06 MgO 0.75
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compared to that of HCl medium. Passing from the sur-
face to the solution was prominently decreases in
H2SO4 solution according to in HCl in AAS results. The

inhibition occurs because Al remains on the surface.
Also the inhibitive effect of sulphate ion accelerates
this case. When SEM microphotographs of H2SO4 +

Table 4.  The element analyses of alloys in the solution (ppm) waited 24 hours in different solutions

Alloy Medium Al Cu Fe Mg Zn

E110 HCl 294.31 0.25 1.14 1.14 1.86

HCl +inh 94.61 0.06 1.43 0.79 1.71

H2SO4 2.79 0.03 0.15 0.02 0.39

H2SO4 + inh 1.69 0.02 0.18 – 0.24

E140 HCl 619.50 0.09 0.37 14.14 0.25

HCl +inh 289.58 0.18 2.41 1.10 3.74

H2SO4 2.67 0.02 0.23 0.02 0.20

H2SO4 + inh 1.74 0.08 0.61 0.15 1.18

E150 HCl 374.60 1.06 2.00 1.44 5.10

HCl +inh 73.51 0.04 0.63 0.19 1.02

H2SO4 5.34 0.06 0.77 0.05 0.24

H2SO4 + inh 1.91 0.02 0.54 1.93 8.91

E160 HCl 380.97 0.38 2.75 1.33 3.56

HCl +inh 246.74 0.14 1.97 0.91 3.00

H2SO4 2.40 0.02 0.21 0.02 0.14

H2SO4 + inh 10.18 0.018 0.99 0.99 4.83

E171 HCl 742.71 2.48 4.91 7.82 2.94

HCl +inh 242.79 0.015 1.14 1.92 1.86

H2SO4 5.65 0.012 0.24 0.15 0.09

H2SO4 + inh 2.69 0.33 0.68 0.096 15.65

E195 HCl 254.18 0.14 0.33 3.79 2.95

HCl +inh 211.78 0.11 0.20 2.97 0.90

H2SO4 4.89 0.01 0.22 0.61 0.19

H2SO4 + inh 3.94 0.05 0.21 0.39 0.16

Table 5.  The corrosion rates in 1 N HCl, 1 N H2SO4 and containing 20 Mm 3m1p3ol into 1 N H2SO4 and 1 N HCl solutions

 Metal/Alloy 1 N H2SO4 1 N HCl 1 N H2SO4 + inh 1 N HCl + inh

icor, mA/cm2 icor, mA/cm2 icor, mA/cm2 icor, mA/cm2

T.E. L.P. T.E. L.P. 0.16 0.16 1.4 1.26

Al 0.60 0.63 20.0 20.0 0.01 – 0.4 –

Cu 1 – 4 – 15 10 178 180

Zn 131 135 316 315 29 35 50 52

Mg 100 100 155 158 1.01 1.00 15 4

E110 10.0 10.0 63 69 0.17 0.16 33 32

E140 2.5 2.5 100 100 1.26 0.80 32 32

E150 10.0 10.0 99 100 0.15 0.16 45 48

E160 4.0 4.0 138 138 0.20 0.18 30 30

E171 3.20 3.20 125 126 0.12 0.12 21 20

E195 5.60 5.60
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20 mM 3m1p3ol medium examined, again more homo-
geneous structure can be seen. When EDX mapping
results are examined, the surface gets rich of Al and it
can be seen that it consists of much more Al than bare
surface structure does. Al content increases on the sur-
face while Si content decreases. Inhibition occurs much
more and the passing elements through the solution
decrease in AAS results. There is a matrix region which
is rich of Al on bare surface in EDX microphotographs
and the surface is composed of Al2O3, SiO2 and CuO
SEM, EDX, AAS results of E140 alloy. Three phases
like E110 alloy can also be seen from the SEM micro-
photographs of the bare surface. When the compound
of E140 alloy is examined, it is seen that there is 12%

Si eutectic structure and its Cu content is a little. When
SEM microphotographs of HCl are examined, there are
spinose Si crystals on the surface which is corroded
extremely. According to AAS results, the amounts of Al
and Mg passing through the solution for HCl medium
is much more compared to that of E110 alloy. The
images of HCl + 20 mM 3m1p3ol medium are more
homogenous and Si increases in the EDX mapping
images because Al decreases on the surface. The brown
structures indicate that Al2O3, SiO2 and Al2O3 decrease
on the surface of HCl + 20 mM 3m1p3ol medium and
Cu increases. The increasing Cu on the metal surface
leads to the increasing of inhibition effect. While the
amount of Cu, Fe, Mg, Zn passing through the solution

E110

E140

a b c

Fig. 2. EDX mapping microfotographs (a) bare, (b) HCl + 20 mM inhibitor, (c) H2SO4 + 20 mM 3m1p3ol.

III

IV

a b c d e

Fig. 3. SEM microphotographies of Al alloys III—E150, IV—E160, (a) bare surface, (b) 1 N HCl, (c) 1 N HCl + 20 mM 3-metil-
1-pentin-3-ol(3m1p3ol), (d) 1 N H2SO4 and (e) 1 N H2SO4 + 20 mM 3-metil-1-pentin-3-ol.
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increase, Al decreases on the surfaces. Increasing Al on
the metal surface occurs inhibition. According to EDX
mapping analysis Cu, Si and Cl– increased on the sur-
face. When AAS result is examined, the amount of ele-
ment passing through the surface decreases very much,
that causes the increase of inhibition comparing to the
HCl medium.

If SEM and EDX microphotographs, EDX analysis
and AAS results are interpreted for E150 alloy, it is seen
that there are eutectic structures on bare surface of
E150 alloy. The images of EDX mapping show Al, Cu,
Si and O the presence of elements on the surface. Al, Cu
and Si are in the oxide form on the surface. When SEM
images in HCl medium are examined, it can be seen

that the surface is corroded significantly and seen that
irregular crystal structure. Al and the other alloying ele-
ments pass through the solution the most in HCl
medium comparing to the others alloys. When the
inhibitor added in it, Al completely pass the solution.
When the SEM images are examined for HCl + 20 mM
3m1p3ol medium, smoother structure which is not
sharp can be seen instead of spinose structure in HCl
medium. Because Al decreases on the surface, less inhi-
bition occurs comparing to that of H2SO4 medium and
the results of EDX analysis confirm these findings. The
amount of element passing through the solution in
HCl  + 20 mM 3m1p3ol medium decreases. When
SEM microphotographs are examined, the surface is

E150

E160

a b c

Fig. 4. EDX map microfotographs (a) bare, (b) HCl + 20 mM inhibitor, (c) H2SO4 + 20 mM 3m1p3ol.

V

VI

a b c d e

Fig. 5. SEM microscopic images of Al alloys V—E171, VI—E195, (a) bare surface, (b) 1 N HCl, (c) 1 N HCl + 20 mM 3-metil-1-
pentin-3-ol(3m1p3ol), (d) 1 N H2SO4 and (e) 1 N H2SO4 + 20 mM 3-metil-1-pentin-3-ol.
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smoother, more homogeneous and no spinose structure
can be seen in H2SO4 medium comparing to the HCl
medium. Passing from the surface to the solution prom-
inently decreases in AAS results. The inhibition occurs
because Al remains on the surface. Also the inhibitive
effect of sulphate ion accelerates this case. When SEM
microphotographs of H2SO4 + 20 mM 3m1p3ol
medium are examined, again more homogeneous struc-
ture can be seen. When EDX mapping results are exam-
ined, the surface gets rich with Al and it can be seen that
it consists of much more Al than bare surface structure
does. Because Al increases on the surface while less Si
element is detected, inhibition occurs much more and
the elements passing through the solution decrease sig-
nificantly in AAS results.

When the results of SEM, EDX mapping and AAS
and EDX analysis of E171 alloy are examined, it is the
alloy whose Mg, Mn content is the most, but the
amount of Cu is the least. Al-Si is an alloy that is very
similar to the structure of eutectic in phases diagram.
Homogenous smooth distributed layers can be seen in
the SEM image of bare surface and the structure of HCl
images is very similar to the other alloys. And we can
conclude from AAS results that the amount of Al pass-
ing through solution is the most. The other alloying ele-
ments act in the same way, too. The surface is com-
posed of Al2O3, SiO2 and CuO according to the SEM
microphotographs of bare surface. The amount of that
passing through the solution in HCl + 20 mM 3m1p3ol
medium is less comparing to the of HCl medium. When
SEM images are examined in HCl medium, Si den-
drites (the structures like tree) can be seen on the sur-
face and it is known that the surface is more homogeny
in H2SO4 + 20 mM 3m1p3ol medium and it is similar
to the structure of bare surface. The excess of SiO2 on

the surface can be seen in EDX mapping images. While
Al2O3 on the surface decreases, SiO2 is almost the same
on bare surface in EDX analysis. Zn passes the solution
the most in H2SO4 + 20 mM 3m1p3ol medium when
AAS results are examined. Zn decreases on the surface,
which may cause the effect that increases the inhibition.

When SEM, EDX mapping and AAS and EDX
analysis results are examined for E195 alloy, SEM
images of bare surface state that the surface has a
homogenous structure, the matrix region which is rich
with Al, grey regions show intermetallic compounds,
black regions show the defects during the casting. It can
be seen that the surface are corroded in HCl medium
and it has a spinose structure and there are two light and
dark phases. E195 alloy is the alloy that has the highest
level of Si. Al-Si shows an over eutectic structure in
double phases diagrams and Si’s perform segregations
by becoming together in alloy because Si level is high.
It can be seen clearly in EDX mapping images, too.
There are Al2O3, SiO2 and CuO on the surface where
MgO’s occur because E195 alloy has the highest level
of Mg. When EDX analysis results of HCl medium are
examined, the percentages of Al2O3 and SiO2 are
almost the same on the bare surface and there is MgO
on it. Silicon segregations, Al2O3, SiO2, MgO can be
seen in EDX mapping images of bare surface. It can be
seen that the amount of Al in this alloy passes through
the solution is less compared to that of the others in
AAS results of HCl medium of E195 alloy. The white
phases in HCl medium seem gone and they look like
one normal phase in SEM images of HCl + 20 mM
3m1p3ol medium. Si bars seem less sharp. And it can
be seen in EDX map that Al remains little on the sur-
face, light brown structures are aluminium chlorur
complexes and there are Si segregations and CuO. The

E171

E195

a b c

Fig. 6. EDX map microphotographies (a) bare, (b) HCl + 20 mM inhibitor, (c) H2SO4 + 20 mM 3m1p3ol.
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amount of element passed through the solution
decreases too according to the analysis results. The per-
centage of SiO on the surface does not change in EDX
analysis results compared to that of HCl medium while
Al decreases. There are also Cl– ions on the surface. As
a result of this the inhibition level is low in HCl
medium. White Si bars seem in SEM microphoto-
graphs of H2SO4 medium and the segregations can be
seen again in the shape of layer. The segregations show
a spreading in the shape of layer in H2SO4 + 20 mM
3m1p3ol and the surface is indentationed. In EDX map-
ping images of H2SO4 + 20 mM 3m1p3ol, the percent-
age of Al2O3 is more than on the bare surface. While
CuO increases on the surface, Si decreases. As Al and
Cu levels increase on the surface, the inhibition
increases too. When AAS results are examined, Al
passes through the solution the least in H2SO4 + 20 mM
3m1p3ol medium, which confirms the results above.
The structure of electrode is made from the metal
oxides according to the EDX analyses of these alloys
are given in Tables 2 and 3.

In order to determine which alloying elements were
corroded most, after Al alloys store during 24 hr in 1 N
HCl, 1 N HCl + 3m1p3ol, 1 N H2SO4 and 1 N H2SO4 +
3m1p3ol media the analyses of the solution was per-
formed by VISTA AX, the spectrometer of atomic absorp-
tion. The obtained results are indicated in Table 4.

As it is seen in Table 5 the corrosion rate of metal
alloys in H2SO4 medium is lower comparing to the HCl
medium. This results shows a structure composed of
both barrier and porous layer on aluminium alloys in
H2SO4 medium. 3-methyl-1-pentyn-3-ol alcohol were
taken in this study because it shows the best inhibitor
efficiency in all alloys [21, 22]. Table 5 indicates that
alcohol shows better inhibitor efficiency in H2SO4
medium comparing to the HCl medium. 3-methyl-1-
pentyn-3-ol was shown for all alloying elements inhib-
itor both in H2SO4 and HCl media, but it shows more
inhibition on pure Al and Cu. This case gives an idea
that increase of alloying elements Al and Cu causes the
increase of inhibitor efficiency. As a matter of fact, the
analyses of solution and surface confirm our ideas. Al
and Cu increase the inhibition effect of 3m1p3ol more
than Mg and Zn in HCl and H2SO4 (Table 4). As it is
expected, very much active alloy elements pass through
the phase of the solution of Mg, Zn and Al. For this rea-
son the increase of copper occurs on surface. However,
this increase is much more in HCl medium comparing
to the H2SO4 medium. For this reason it can be said that
3-methyl-1-pentyn-3-ol show much more inhibition
efficiency in H2SO4 medium comparing to the HCl
medium. In our previous study [21, 22], the presence of
various zones was shown on the surface of alloy. The
results obtained from the analyses of SEM, EDX indi-
cate that the main alloy elements on surface are in the
compound of oxide. When the development of oxide

film and the effect of Cl– and S  ions on aluminiumO4
2–

are examined, it is observed that S  ions contribute
to the growth of film. Whereas the thickness of oxide
film increases on aluminium surface in H2SO4 medium,
the film does not become thick because of the effect of
Cl– ions-forming complex ions, dissolves the film lay-
ers in HCl medium. Cl– ions cause the corrosion of pit-
ting by dissolving the film. In Polat’s study (1997), it is
stated that the ion of sulphate acts as a inhibitor for alu-
minium and it makes the surface passive in high con-
centration by forming Al(OH)SO4 [35]. The structure
of oxide is double layered in H2SO4 medium and the
bottom layer is in an intensive barrier layer and the top
is in a porous layer formation. When the alcohol is
adsorptioned on such surface, it probably covers the
pore on the top layer and decreases the corrosion. This
covering effect depends on the structure of alcohol and
if the alcohol is small, this covering is well because it
can access into these pore easily. However, it can be
said that there is a partly change in this case because of
the aluminium alloys in question and its different sur-
face structure from pure aluminium. For example, if
copper is a lot and alcohol is adsorbed on copper sur-
face, the effect of inhibitor on the corrosion shows an
increase depending on the adsorption and effecting
between alcohol and copper surface or if the most of
surface is composed of aluminium, the inhibitor effi-
ciency is much more in this case because small alcohol
molecules can access into pittings and can cover them
easily (1-buten-3-ol is more active on alloy whose
matrix part is very much and whose content is rich with
aluminium in SEM photograph such as E 110, E 195
and E 171).

CONCLUSIONS

The corrosion of aluminium-silicon-copper alloys
significantly decreases in H2SO4 and HCl mediums
containing 3-methyl-1-pentyn-3-ol. This decrease is
much more in H2SO4 medium. The active alloy ele-
ments, Mg, Zn and Al, dissolve much more in H2SO4
and HCl mediums. This dissolving is much more in
HCl medium and the inhibitor efficiency is less because
the percentages of Cu and Al is less on the rest of sur-
face compared to that of H2SO4 medium and the corro-
sion products on the surface of alloys are the oxides
essentially (Al2O3, CuO and SiO2).
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ǧ s,



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


