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aluminum and silica nanoparticles with the addition of

tetramethylammonium hydroxide (Al-SiO,(T)) and butanol (Al-SiO,(B)) as mixing media have been
successfully fabricated. Corrosion behavior of Al-SiO, composites before and after exposure in 1M
NaCl solution was examined using potentiodynamic polarization (Tafel curve analysis). The study was
also equipped with scanning electron microscopy (SEM), energy dispersive X-ray (EDX), and X-ray
diffraction (XRD) investigations. Before exposure, Al-SiO,(T) exhibited the best corrosion resistance.
Performance improvement was indicated by Al-SiO»(B) up to 10 times better than Al-SiO,(T) after

Corrosion exposure. The increased SiO, content did not significantly enhance the corrosion resistance of the

Corrosion rate

composites. The Al-SiO, composites with 5% SiO, content showed very high corrosion resistance (as

Si0Oz2 Nanoparticle the optimum composition). Furthermore, pitting corrosion was observed in the Al-SiO, composites,

Tafel Plot indicated by the formation of corrosion products at grain boundaries. The product was affected by the
presence of SiO; in the Al matrix and the NaCl environment at 90°C (approach to synthetic geothermal
media: Na*, Cl, H*, OH"). Our study revealed the presence of y-Al,O3, y-Al(OH)3;, and Al(OH).CI as
the dominant corrosion products.

doi: 10.5829/ije.2019.32.07a.11

NOMENCLATURE

At% Atomic percent lorr Corrosion current (A)

N Tafel anodic coefficient Jeorr Corrosion current density (A/cm?)

B Tafel cathodic coefficient R, Polarization resistance (Ohm.cm?)

C  Constant of corrosion rate unit divided by the specimen density and area ~ W,, The equivalent weight of material investigated

CR Corrosion rate (mmpy) Wit% Atomic Weight percent

Ecorr Corrosion potential (\Volt) Veorr Corrosion rate (mmpy)

1. INTRODUCTION

Aluminum is one of the most popular non-ferrous
metals used as a matrix in metal-matrix composites
(MMCs), because of its low density and its highly

*Corresponding Author Email: munasir_physics@unesa.ac.id (N.
Munasir)

resistant to corrosion due to the existence of a thin layer
of oxide on its surface, formed by oxidation with
oxygen in the air [1]. The introduction of other
elements/ compounds into the aluminum matrix has
promoted to improvements of MMCs’ properties,
providing materials for wide range applications; such as
for automobiles, aircraft, ships, and energy sectors [1,
2]. Aluminum and its alloys are widely used in a large

Please cite this article as: N. Munasir, Triwikantoro, M. Zainuri, R. Baller, Darminto, Corrosion Polarization Behavior of Al-SiO2 Composites in
NaCl 1M and Related Microstructural Analysis, International Journal of Engineering (IJE), IJE TRANSACTIONS A: Basics Vol. 32, No. 7, (July

2019) 982-990




N. Munasir et al. / [JE TRANSACTIONS A: Basics Vol. 32, No. 7, (July 2019) 982-990 983

number of industrial applications due to their excellent
combination of properties, e.g.,, good corrosion
resistance, excellent thermal conductivity, high strength
to weight ratio, easy to deform, and high ductility [1-9].

In geothermal exploration, crust formation and
corrosion that reduce turbine efficiency is one of the
main problems during the geothermal energy production
process. Common types of scales include calcium
carbonate, silica, amorphous silicates, and mixtures of
metal oxides and sulfides. Besides steam, the
contaminants like sulfur, vanadium, and sodium are also
emitted as products, which can react at high
temperatures with air and water forming molten salts,
which may probably accelerate corrosion of materials.
Therefore, for high-temperature applications, materials
with mechanical strength, high resistance to corrosion
and oxidation are necessary to develop [2].

Studies on corrosion behavior of aluminum and its
alloys [10-16] and aluminum matrix composites
(AMCs) reinforced flay-ash [17], SiC [18, 19], Al,Os;
[20], and graphite [21] in several media have been
conducted. Corrosion behavior is not only measured
using electrochemical impedance spectroscopy (EIS)
but also by potentiodynamic polarization from Tafel
polarization curve and Tafel impedance plots. Those
studies focused on the type of corrosive media with
various concentrations and temperatures. Common
corrosion products in aluminum-based materials are
galvanic corrosion, pitting corrosion, and grain
boundaries corrosion [22, 23]. The galvanic and pitting
corrosions occurred in Al-Gr composites, and it was
revealed that the addition of Gr (1-3%wt) increased the
corrosion rate of the Al-Gr composites [11]. In addition,
the concentration and temperature of NaCl as the
corrosion medium enhanced the corrosion rates of 6061-
SiC [17] and 6063-Al;03 [19].

To date, the influence of SiO, nanoparticles as filler
in AMCs have been one of the most exciting topics
explored by many researchers [1, 2, 7]. However,
exploration is generally focused on mechanical
characteristics. Some reports also explore the corrosion
behavior of AMCs, particularly on the effect of
chemical-based corrosion media. For example, Al-6030
exhibited lower pitting corrosion rate due to the
increasing concentration and temperature of the
corrosion media [19, 24, 25]. Salehi et al. claimed that
silicon could be used to enhance the Al-Si corrosion rate
in 3.5% NaCl medium because of the formation of
Na,SiOz; in Al layers [26]. The higher NaCl
concentration promoted the formation of roughness on
the AI-Si composites [26]. The influence of SiC
addition on Al-6061 alloy contributed to the increasing
corrosion rate as the exposure time increased, but the
corrosion rate decreases when the SiC particle size
dropped to nano [27]. The addition of Al,O3 in Al-Cu-
Mg Alloy decreased the pitting corrosion rate in

seawater medium [28]. Like Gr, SiO; addition (1-3%wt)
also took good control of the anti-corrosion
characteristics of Al-Cu-Mg-SiO, composites in NaCl
medium [29].

This study is aimed to investigate the corrosion
behavior of AI-SiO, composites, with which SiO,
nanoparticle as the reinforcement in Al matrix, before
and after exposure in 1M NaCl solution using
potentiodynamic test and Tafel polarization curve
techniques by evaluating the corrosion rate and
electrochemical processes for the formation of corrosion
products using transition state theory. Furthermore, the
type of corrosion and its product will be inspected using
SEM-EDX and XRD.

2. EXPERIMENTAL

2. 1. Materials Merck KgaA, Frankfurter,
Germany supplied high purity aluminum powder (>
90%). Silica (SiO2) powder with an average particle size
of ~35 nm [30]. The Al-SiO, composites were produced
via a powder metallurgical technique. Volume fraction
of SiO, was varied at 5, 10, 15, 20, 25, and 30% [31].
The SiO, was dispersed in tetramethyl-ammonium
hydroxide (TMAH) and butanol [31]. The green
samples were heated to 200°C for 45 minutes until the
condensation in the upper part of the glass tube has
disappeared, the wvacuum was applied, and the
temperature was increased to 500°C for two hours. To
prevent the possible overrun of the designated
temperature, the heating process was split into
incremental steps. The heating rate of 3°C/min was used
upto 480°C and changed to 1°C/min for the temperature
range 480-500°C. This heating rate was also applied
while keeping the sample at 500 °C. Fluctuations of
around 5 °C were observed. After two hours, the
specimen was cooled down in a furnace overnight.

2. 2. Characterization
2. 2. 1. Electrochemical Test Corrosion behavior
test of AI-SiO2; composites was done using
potentiodynamic polarization. The potentiodynamic
polarization was composed of stainless steel counter
electrode, AIl-SiO, working electrode, and Ag/AgCl
reference electrode. The measurement was run with
applied potential from -0.3 V to +0.3 V at a scan rate of
2 mV/s. The potentiodynamic polarization outputs are
current-voltage (1-V) curve and corrosions parameters
Ba, Bc, Re, Jeorr, lcorr, Ecorr, and Vorr. Meanwhile, the
cyclic voltammetry test was performed by 797
Computrance with Pt working electrode and Ag/AgCl
reference electrode.

The samples were exposed to 1M NaCl environment
for seven—days at temperatures of 90 °C. The
measurement was conducted under initial sweep
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potentials from -1.2 V to 1.2 V; with first and second
vortexes, respectively, 1.0 V and -1.0 V at step potential
0.006 V and sweep rate 1.0 V/sec and 15 s time
deposition.

2. 2. 2. Structural Investigation The scanning
electron microscopy (SEM) and energy dispersive X-ray
(EDX) investigation were wused to study the
microstructure and elemental mapping of AIl-SiO;
composites. The SEM images were captured by using
Inspect S50, XT microscope server integrated with FEI
Software. All SEM/EDX data were collected under the
same experimental conditions, high vacuum chamber
pressure of 4.1 x 10* mBar, emission current of 0.1 YA,
working distance range of 12 mm, and high voltage of
10 kV. The X-ray powder diffraction pattern of bulk Al-
SiO,; composites was collected by PAN-analytical
diffractometer using monochromated CuKa radiation
operating at 40kV/40mA. All XRD data were collected
under the same experimental conditions, in the angular
range 5° < 20 < 90° with a scan rate of 0.02 °/min at
ambient condition.

3. RESULT AND DISCUSSION

3. 1. Polarization Linear Analysis Based on
Tafel plots analysis from linear polarization test [32],
Veorr Can be obtained. Corrosion current density Jeorr
(A/lcm?) can be calculated using the Stern-Geary
equation [33, 34]:

BB
Joorr = 2.303R, (5, + ) @

where S, is Tafel anodic coefficient, S Tafel cathodic
coefficient, and R, polarization resistance (ohm-cm?).
The Tafel coefficient is obtained from the gradient of
the Tafel plot. The corrosion rate Vcorr IS given by [23,
32]:

Vcorr =Cx ‘]corr ><Weq (2)

where C is a constant which labels the corrosion rate
unit divided by the specimen density and area, and Weq
is the equivalent weight of material investigated.

Polarization curves of non-exposed Al-SiOz(T) and
Al-SiOx(B) are respectively given in Figures 1(a) and
1(b) with complete output analysis in Table 1. The
analysis reveals that Eoc, Ecorr, Ebegin, and Eeng are
different for every sample, followed by a change of lcorr
and Veorr [17, 20]. Polarization resistant shows the
degree of electron flow. Greater the polarization
resistant indicates the lower corrosion rate.

Figure 2 shows the Tafel plots of Al-SiO»(T) and Al-
SiOy(B) after exposure in 1M NaCl for 30 days at room
temperature followed by seven days exposure at 90 °C.

From Figure 2, the polarization cathodic lies between -
0.4 V and 0.2V, and Ecr values are relatively close for
all samples. The different trend of Tafel plots is
observed for AI-SiOx(T) and Al-SiO2(B). From Figure
1(a), it is seen that the addition of SiO. causes an
increase in both current and potential corrosion.
Meanwhile, from Figure 1(b), ungradual change is not
observed. Increasing the corrosion current implies
decreasing polarization resistance, which means that the
material will be easier to corrode or reduction of
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Figure 1. Tafel plots of (a) Al-SiO2(T) and (b) Al-SiO2(B)
before exposure; #5, #10, #15, #20, #25 and #30 represent the
values of SiO2 volume fractions.

TABLE 1. Samples of Aluminum Reinforced SiO2 NPs (Al-
Composite)

No. Volume Fraction of SiO, Samples
(x wi6) Al-SiOzB) Al-SiOzT)

1 0 #0B #OT
2 5 #58B #5T
3 10 #10B #10T
4 15 #15B #15T
5 20 #20B #20T
6 25 #25B #25T
7 30 #30B #30T

Before and after exposure (in

Corrosion Test . .
corrosive media)
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Figure 2. Tafel plots of (a) Al-SiO2(T) and (b) Al-SiO2(B)
after exposure; #5, #10, #15, #20, #25 and #30 represent the
values of SiO2 volume fractions.

corrosion rate will appear. Furthermore, log | values of
Al-SiO,(T) are greater than that of Al-SiO2(B). This
result is in strong correlation with the previous result
[34].

From polarization data, it canbe concluded that the
addition of 5% SiO, promotes the lowest current density
at 11.9100 nA/cm? and 1.0067 nA/cm? for Al-SiO,(T)
and AI-SiOz(B), Respectively. On the othe hand, the
addition of 20% SiO, exhibits the highest current
density having values of 11.9100 nA/cm? and 1.0067
nA/cm? for AI-SiOx(T) and AI-SiOz(B), respectively.
Figures 3 and 4 give the corrosion rates for non-exposed
and exposed AI-SiO,. The same trend of increasing
corrosion rates is observed in Figure 3. However, the
corrosion rates of non-exposed samples are lower than
those of the exposed samples. The corrosion rates are in
order of ~102 mm/y and ~10° mm/y for non-exposed and
exposed samples, respectively.

The corrosion rates of the AI-SiO, composites is
lower than that of unreinforced Al (the corrosion rate of
Al is 0.055042 mml/y). From this experiment, the
corrosion rates of non-exposed AI-SiOy(T) and Al-
SiOy(B) are respectively 0.034618 mm/y and 0.039680
mm/y; and the corrosion rates of exposed Al-SiOx(T)
and AI-SiOy(B) are 0.000059512 mm/y and
0.000011698 mm/y, respectively. The highest corrosion
rate is found in 20% SiO, content, i.e. 0.19117 mmly
and 1.5700 mm/y for non-exposed Al-SiO, (B) and Al-
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Figure 3. Corrosion rates of AI-SiO2(B): before and after
exposure in 1M NaCl environment
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Figure 4. Corrosion rates of Al-SiO2(T): before and after
exposure in 1M NaCl environment

SiOy(T), respectively and 0.00036469 mm/y and
0.00011964 mml/y for exposed Al-SiO,(B) and Al-
SiOy(T), respectively.

From another point of view, Figure 4 indicates that
the AI-SiO»(T) shows lower corrosion rates than the Al-
SiO2(B) (before exposure). After exposure, the Al-
SiO(T) shows higher corrosion rates than the Al-
SiO2(B). It is, however, rather surprising that different
mixing media (TMAH and butanol) plays an important
role in corrosion behavior (in this case, corrosion rate)
of the AI-SiO,, before and after exposure. The Al-
SiO2(B) appears to be more resistive in corrosion than
Al-SiO(T). It is predicted due to the scales formation
(see sections 3.4 and 3.5) as a passivation layer which
continues to occur even after exposure. The scale
formation of Al-SiO»(T) has completed before exposure,
or during mixing and sintering processes [11, 35, 36].

3. 2. SEM/EDX Analysis The microstructural
profile of corroded surface for sample #5B can be seen
in Figure 5(a). The damage on the surface due to the
exposure in the corrosive medium is seen sporadically
in sample #5B. This evidence is revealed by mapping
result on the whole observed surface, see Figure 5(b),
and by elemental analysis, as given in Figure 5(c). The
detected elements on those surfaces as the corrosion
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products are O, Na, Al, Si, and CIl. Figure 5,
magnification of 1000 x (100 um in scale) does not
reveal any damage on the surface, however, when the
magnification of SEM was set to 70,000 x (1um in
scale), we could observe the damage along the grain
boundaries as the consequence of corrosion (Figure
6(b)). From Figure 6, magnification of 1000 x (100 um
in scale) does not reveal any damage on the surface,
however, when the magnification of SEM was set to
70,000 x (1um in scale), we could observe the damage
along the grain boundaries as the consequence of
corrosion (Figure. 6(b))

The microstructural profile of corroded surface for
sample #5B can be seen in Figure 5(a). The damage on
the surface due to the exposure in the corrosive medium
is seen sporadically in sample #5B. This evidence is
revealed by mapping result on the whole observed
surface, see Figure 5(b), and by elemental analysis, as
given in Figure 5(c). The detected elements on those
surfaces as the corrosion products are O, Na, Al, Si, and

e | Atom | Wit% | A% |
OK 40.49 53.48
s NaK 02.16 01.99
e AlK 53.54 41.93
L SiK 02.10 01.58
o CIK 01.71 01.02
Matrix Correct ZAF

Ha SiIA;gCI‘ I ‘ I ‘ ‘ ‘
Figure 5. SEM-EDX analysis for Al-SiO, (#5B)
composite after exposure: (a) SEM image, (b) elemental
mapping, and (c) EDX spectra

100 pm

P
Figure 6. SEM photograph for Al-SiO2 (#5B) composite after
exposure: (a) at 1000x magnification, and (b) at 70.000x

magnification

Cl. From Figure 5, magnification of 1000 x (100 pum in
scale) does not reveal any damage on the surface,
however, when the magnification of SEM was set to
70,000 x (1um in scale), we could observe the damage
along the grain boundaries as the consequence of
corrosion (Figure 6(b)). From Figure 6, magnification of
1000 x (100 pum in scale) does not reveal any damage
on the surface, however, when the magnification of
SEM was set to 70,000 x (1um in scale), we could
observe the damage along the grain boundaries as the
consequence of corrosion (Figure. 6(b)).

As depicted form Figure 7, the micro-structural
profile for sample #5T after exposure as well as its
elemental mapping analysis can be perceived. The
identified elements as the corrosion products in that
sample are O, Na, Al, Si, and Cl. This information can
be confirmed by the X-ray diffraction data as shown in
Figure 8. The Na and CI atoms are in accordance with
NaCl) crystal, which is assumed likely to remain still in
the sidelines of the corrosion products. Similarly, the O
and Al atoms are conforming with the presence of Al.Os
[37].

Furthermore, Figures. 8(a) and 8(b) represent the
surface microstructural profile for sample #5T. In
Figure 8(a), the damage is observed even at 100x
magnification (1000 um in scale), but not as in Figure
8(b). Obvious damage is well noticed for all samples at
2000x magnification (scale of 50 pm) and 5000x
magnification (20 um in scale) as depicted in Figures
8(b) and 8(c). If a comparison is done to evaluate the
degree of damages due to the exposure between sample
#5B (Figure 5) and sample #5T (Figure 7), it is revealed
that sample #5T has larger damage than sample #5B.
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s | SIK 5,86 4,59
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Figure 7. SEM photograph for Al-SiO2 (#5T) composite after
exposure: (a) SEM image, (b) elemental mapping, and (c)
EDX spectra
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Figure 8. SE p otrép or Al-Si 2 ( )cmposite after
exposure with (a) 100x magnification, (b) 2000x
magnification

3. 3. XRD Analysis Figure 9 represents the XRD
profiles of unreinforced Al and Al-SiO, composites with
5% SiO, volume fraction. These XRD profiles are used
to confirm the corrosion products of the composites and
to explain the evidence of stronger corrosion resistance
behavior of Al-SiO»(B) rather than Al-SiO(T).

There is no other phase but aluminum in the
unreinforced Al before exposure. Whereas after
exposure, some XRD peaks that belong to alumina have
appeared as the corrosion products. Introducing 5%
SiO, volume fraction into the Al matrix promotes to the
creation of new phases, -Al;O3, and ~Al(OH)s, due to
the reaction of Al and SiO; in TMAH or butanol
medium during the process. At this point, the X-ray
diffraction peaks of SiO, cannot be detected since the
crystalline state SiO, is amorphous. Besides that, the
broader characteristic of XRD peaks of the composites
is strongly predicted due to the contribution of
amorphous SiO; nanoparticles. Notice from Figure 8 is
that Al, »~Al,Os, and »~Al(OH)3 phases are found in the
composites. The presence of Al*? ions forms Al(OH)s,
and AI(OH).CI (or AI(OH).Cl;) and AI(OH) forms
Al(OH)CI as the pitting corrosion product [12, 17, 21,
22, 34, 35]. Applying corrosion treatment to the
unreinforced Al and the composites also cause

+:4-AOH),
o: Al
* . -ALO,

Intensity (a.u)

#5T-Corr

(SRS Mo
e " J‘L #58-Corr
‘;,/‘__J e / | J“_._o.co..

60 70 80 90

0 20 30 40 %0
20(deg)

Figure 9. XRD patterns for unreinforced Al and Al-SiO2
composites after exposure. The intensity is not to scale

background distortion of the XRD profiles, indicating
that the NaCl medium may cause to crash the
crystallines of the materials. Finally, the XRD
characterization supports the SEM-EDX analysis.

The results of the analysis of corrosion rate

performance as in Figure 10, this is the focus of analysis
on the Tafel curve data for the first sample: #5B, #10B
and #15B (AI-SiO, (B)) and the second sample: #5T,
#10T and #15T (AI-SiO; (T)); there is a phenomenon,
namely the position of Ecor that is far apart (~0.65 V),
this scientific argument is supported by porosity data of
Al-SiO, composite samples where both types of samples
show the same pattern, whereas the fraction of volume
(Vf%) SiO,, porosity increases what happens to Al-SiO;
composites actually increases, and in the composition of
5% SiO; the lowest porosity. And, if confirmed by SEM
data it appears for the sample before exposure, it
appears that on the surface of sample # 5, Al,O3 oxide
layer has been formed compared to sample # 5B. This is
thought to be the cause of Al-SiO,(T) anti-corrosion
performance compared to Al-SiOz(B) [27].
Different things, it can be seen in Figure 11 that the data
analysis on the Tafel curve for the Al-SiO2 sample (for
5%, 10% and 15% SiO2) after being exposed in 1M
NaCl solution at 90°C, Ecorr position appears in both
types of samples (Al-SiO; (B) and Al-SiO; (T) are more
coincide than before exposure (Figure 10), and there is a
shift in the potential position of the corrosion to the
right. Example for sample # 5T before exposing Ecorr's
position around -0.24Volt and after exposure around -
0.13 Volt (shifting right as far as 0.11 Volt); and for
sample #5B before exposing the Ecor position around -
0.82 Volt and after exposure around -0.08 Volt (shift
right to ~ 0.74 Volt). Thus, based on the Tafel curve in
Figures 10 and 11, the sample Al /SiO2 (B) shifts further
right from the sample Al /SiO; (T), so the potential for
corrosion (Ecor) is more positive. The Ecorr potential
position for the AI-SiOy(T) (#5T, #10T and #15T)
potential ranges lies in the potential range of the sample
Al-SiO2 (b) which is located at a potential of -0.15 Volt
to -0.075 volts. And for the corrosion current Icorr, the
sample Al-SiO2(T) shows a value of magnitude lower
than the sample Al-SiO(T).

&)

: ECorr: distance positica #5;'0
H - 0.65 Volg 5
l : (ranee o 215T

—E:.Q «0‘.8 ~0|.? —0‘.6 —UI.E —DI.4 —6.3 —U‘.Z ~UI. 1
E/Vvs Ag/AgCl
Figure 10. Tafel curve for samples before being exposed in
1M NaCl medium
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Thus, the lower the lcor position and the more
positive the Ecn, the better the anti-corrosion
performance will be. The sample AI-SiOx(T) in the
exposed state has a better anticorrosive performance
than the Al /SiO(T) sample. The percentage of SiO;
silica nano as a filler in aluminum Al /SiO, composites
proved to influence its anti-corrosion performance, in
addition to the active medium during the mixing
process. In the composition of 5%, Al-SiO, composite
SiO; has the best anti-corrosion performance in the
exposure medium 1M NacCl solution at a temperature of
90°C (approach to the synthetic geothermal medium:
Na*, CI, H*, OH") [21, 38-40].

3. 4. Corrosion Mechanism in Al-SiO: Composites
The type of corrosion that often occurs in Al-based
composites and Al-alloys is pitting corrosion. This type
of corrosion is usually triggered by cracking or
aggressive attacks from acidic ions from the
environment. Besides that, the type of corrosion occurs
due to the formation of potential differences between
the grain boundaries inclusions of cathode and anode. If
along the grain boundary area forms a semi-continuous
network, intergranular corrosion or corrosion between
crystals will occur. The precipitates can form
intermetallic and cathodic intermetallic anodic [21].
Procedurally, the stages of the Al and Al-alloy
corrosion mechanism are described as follows: the
condition for corrosion: formation of anode and cathode
potential, there is a corrosive trigger environment (dry
electrochemical/oxidation), electron transfer from anode
to cathode (internal metal properties), and charge
transfer from metal surface to environment or vice
versa, (ii) corrosion products in aluminium materials in
aqueous medium (OH-, H*, CI, etc.) include AlI(OH)s
and AI(OH)sCl, and (iii) the phenomenon of the
formation of alumina oxide film (Al>Os) on the outer
surface is naturally used as excellent anti-corrosion
protector. The properties of Al,Os are very hard, but not
soluble in water. However, more acidic media (CI-, Na*,
and SO*) can destroy the alumina layers, and the
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Figure 11. Tafel curves for samples that have been exposed in
1M NaCl the medium (at 90°C)

corrosion process begins to occur. lllustration of the
corrosion mechanism of AI-SiO, composites is
presented in Figure 12.

Transfer of electrons from the anode in diffused
metal towards the Al,Os surface and interface area
within the electrolyte promotes a double capacitance.
On the surface of Al and Al-alloy, a huge number of
micro galvanic cells are formed in such a way that the
corrosion phenomenon can be modelled as alternating
current electric circuits. The phenomenon of the load
transfer rate and double-layer capacitors gives physical
exposure to the amount of corrosion flow and corrosion
potential (Tafel-plot). Disclosure and measurement of
corrosion parameters are observed by relating the
impedance and semi-circular curves of the corrosion
resistance of the material to the corrosive medium, and
the influence of the types of solutions and the addition
of the type of load transfer inhibitor to the electrolyte
solution. Also, there is an electron transfer from metal
to the environment so that the metal oxidation number
changes from zero to a specific positive number. There
are interactions with electrons with atoms, ions or
molecules during the oxidation and reduction processes.
The corrosion profile of Al-SiO, composites in the NaCl
medium at high temperatures (~ 90 °C) is given in
Figure 13.

Thin Pilm Oxide

A0 )
2061 7m)

Figure 12. Pitting Corrosion Mechanism in Al-SiO2
Composites

Figure 13. Corrosion Profile of Al- iOz (#10B) efore being
exposed in 1M NaCl medium (T =90 °C)
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4. CONCLUSIONS

Corrosion  behaviour of aluminum particulate
composites containing 5, 10, 15, 20, 25, and 30 volume
fraction silica in highly 1M NacCl saline solution (90°C,
7 days) reveals specific characteristics. Prior to
exposure, Al-SiO,(T) is more resistant to corrosion than
Al-SiOz(B), but after exposure in, Al-SiOy(B) is ten
times as strong as AIl-SiOy(T) to resist corrosion.
Addition of SiO; volume fraction leads to decreasing
corrosion resistance. The best performance of the
composites as anti-corrosion is found in 5% SiO;
content.  Micrographic investigation shows that
corrosion products are found in grain boundaries. The
corrosion type of the composites in 1M NaCl
environment is pitting corrosion. The corrosion products
7AlO3, »~Al(OH)3, and AI(OH).Cl are due to the
presence of SiO, in Al-SiO, composites and corrosive
medium.
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