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This study investigated the effect of nano-SiO2 (0.125, 0.25, and 0.5 wt %) and micro-SiO2 (3, 6, and 9 wt %)
additions on the corrosion resistance of aluminum (Al) fabricated by powder metallurgy (PM). The Al powder and
its composite mixtures were independently ball-milled for 3.5 hrs. at 145 rpm in a 304SS vessel. Green compacts
were prepared by uniaxial pressing under 650 MPa, and thereafter sintered at 528 °C for 0.5h in an electric resistance
furnace in an argon atmosphere. The potentiodynamic polarization results showed that the corrosion resistance of
the Al-tested samples in a 0.1M HCl solution was improved by the addition of micro- and nano-sized SiO; particles.
Where, better improvement was detected when micro-sized SiOz particles were added. The corrosion resistance of
Al was increased by (17.07, 18.24, and 32.49) times when (3, 6, and 9) wt% micro-sized SiO: particles were added,
respectively. While the addition of nano-sized SiOz particles improved the corrosion resistance of Al by (1.79, 2.38
and 6.62) times when (0.125, 0.25 and 0.5) wt% were added. However, the addition of micro- and nano-sized SiO2
also reduced the pitting corrosion of Al by lifting the E pit of Al to very high potential values when immersed in
an acidic solution. These conclusions were obtained from the cyclic polarization results of the samples.
Furthermore, XRD and FESEM were utilized to observe, and analyze the structure of the fabricated Al and its

composites.
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Introduction

Aluminum (Al) is an increasingly important material
used in numerous applications. Al is naturally found in
nature. Its density is 1/3 of that of steel; thus, it is classified
as a light metal [1]. Aluminum composites (AlCs) are
mostly used in aerospace zone structural applications,
such as helicopter parts (drive shafts, body support for
rotor plates, rotor vanes in compressors, and aero-
engines), cylinder blocks, drive shafts, brake drums, and
cylinder liners [2]. Most commercial researches on metal
matrix composites (MMC) have concentrated on using Al
and its alloys as the matrix metal because of their
combination of light weight, desirable mechanical
qualities, and environmental resistance [3].

Powder metallurgy (PM) offers several benefits over
other metal-working techniques. This helps producers
create products that are more consistent by generating
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components with a nearly standardized structure, high
level of accuracy, and high-quality surface finish [4, 5].
PM is a process of blending fine powdered materials,
pressing them into selected shaped parts, and then heating
them in a controlled atmosphere to bond the powder [6, 7].
Particulate-reinforced MMC are attractive because of their
modest preparation skills, more isotropic properties, and
lower cost. Fine and thermally constant ceramic
particulates were spread regularly in the matrix, leading to
an optimum combination of properties. Therefore,
extensive research has been conducted to improve a wide
range of alternatives to conventional engineering alloys
[8].

AIMCs exhibit improved abilities compared with
unreinforced alloys [9]. However, the enclosure of
strengthening particles can substantially alter the response
of these materials to corrosion, and composites are
typically more exposed to corrosion than matrix alloys.
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Although the mechanical and physical characteristics of
AlCs have been widely investigated, little is known about
how AICs respond to corrosion [10].

The corrosion behavior is a key consideration when
evaluating the potential of using composites as structural
materials. The physical, tribological, and mechanical
characteristics of AlCs have been extensively studied, but
systematic examinations of how materials respond to
corrosion have been comparatively underfunded [11]. The
corrosion resistance of Al and its alloys can be attributed
to natural shielding of the oxide layer (passive film)
formed on the surface. This oxide film is subject to
localized collapse, allowing pitting and crevice corrosion
of the underlying substrate, rather than the general
corrosion that occurs afterward. Pitting corrosion of Al
and its alloys is a specific type that causes small holes or
cavities to arise in the material. Because it is more
challenging to anticipate, detect, and prevent pitting than
a uniform corrosion failure, it is thought to be more
damaging. In a massive system, the creation of only one
pit can cause the system to disastrously fail [12].

Nervana [13] in a part of her work studied the effect
of a 10% HCI solution on the corrosion rate (CR) of SiC
and Al,Os reinforced AlCs at four different temperatures
using the mass loss method. The CR of Al increased with
an increase in the weight fractions of Al,O3 and SiC. Ch.
Ratnam et al. [14] investigated the corrosion behavior of
Al12024 alloy composites prepared with B4C and graphite
powder. The samples were immersed in water: HCI
solution with a water-to-HCl ratio of 19:1 for 2 to 10 h.
The corrosion of the samples was evaluated using the
mass-loss technique. They concluded that the corrosion of
Al2024 alloy increased with the addition of B4C particles.
The addition of graphite powder to Al2024-B4C
composites further reduced their corrosion resistance.

Ahmad T. et al [15] part of their research was about
effect of SiC content on the corrosion resistance of Al-Mg
alloy in 1 M HCl aqueous solution evaluated by mass loss
method. They concluded that the addition of SiC particles
tends to increase the mass loss of the alloy, and a further
increase in the content of the ceramic particles from (5 vol
%to 10) vol% led to a further increase in corrosion,
particularly after 90 min of exposure to corrosive acidic
media.

Munasir et al. [16] studied the CR of Al/ nano-SiO,
composites prepared via PM, in which two groups of
composites were prepared using two different active
solutions: N-butanol (B) and tetra-methyl-ammonium
hydroxide (T).

The corrosion amounts were detected by
potentiodynamic polarization tests in a 1M NaCl medium
at room temperature. The CRs for both types of
composites, Al/SiO; (B) and Al/SiO; (T), increased with
increasing SiO; content. The corrosion resistance of the
Al/Si0; (T) group was higher than that of the Al/SiO, (B)
group. Velavan et al. [17] determined the corrosion
resistance of Al6061-SO, prepared using a stir-casting
procedure. They referred to that the corrosion resistance
was improved up to 6%.

According to the corrosion results in 3.5 wt. % NaCl
solution Mahdavi, S. et al [18] stated that the Co/nano-
Al>,O3 coating deteriorated the corrosion resistance of the
Co film. The corrosion current density was increased from
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2 to 3 mA cm? by incorporation of the nanoAl,O;-
particles, while it was decreased to 0.8 mA cm? by
incorporation of the micro Al,Os-particles. On the other
hand Ramatouly [19] pointed out in his doctoral
dissertation that the most dangerous and common form of
localized corrosion in aluminum alloys is pitting
corrosion.

It is impossible to predict, and monitor autocatalytic
processes owing to the stochastic nature of this
phenomenon.  Anil Kumar and Vinay Saini [20]
investigated the localized corrosion of Al 2024 under fully
immersed conditions in 0.25N, 0.50N, 0.75N HCI media
using the weight loss method. They referred to the
susceptibility of the alloy to intergranular and localized
corrosion, and large pits developed within the grains.

Kalenda Mutombo and Madeleine du Toit [21]
reported that aluminum 6061 is prone to pitting corrosion
in chloride-containing environments. The aluminum-rich
matrix adjacent to the MgSi, intermetallic precipitates or
silicon-rich phases formed in Al-Si-Mg alloys has been
shown to be susceptible to preferential corrosion.
Accordingly, the selection of these alloys to the percent
research is a weakness, particularly from the point of view
of studying the corrosion behaviors if they are compared
with pure Al.

The challenge of the corrosion reduction of Al metal,
particularly when made by the PM route, was the
motivation to perform the present research to reduce its
harmful effects by improving the corrosion resistance with
the addition of micro-and nano-sized SiO; particles. At the
same time, this will enable a comparison between the
contribution of different-sized particles to the
improvement of the corrosion resistance of Al with the aid
of electrochemical phenomena by means of
potentiodynamic and cyclic polarization evaluation
behavior in dilute aqueous HCI (0.1M HCI) solution for
the prepared samples.

I. Experimental Program

Materials and Experimental approach Samples
preparation

Al powder supplied by China Jingan Chemicals and
Alloy Limited Company with average particle size (APS)
60 um and its chemical composition is illustrated in the
table 1 is used as the matrix metal.

The SiO; nanoparticles used were amorphous white,
with a particle size of (20-30) nm. In contrast, the APS of
the white-colored micro-sized SiO, powder was 44 pum.
Three groups of samples were prepared using the PM are
indicated in table 2. Pure Al powder (group A) was ball-
milled by placing the powder and milling balls at a weight
ratio of 1:10 in an SS304 vessel for 3.5 hours at 145 rpm
[22]. Al-Micro-sized SiO; (group B) and Al- nano-sized
Si0; (group C) were prepared by mixing SiO; with Al
powder. Then, the sub-groups of both groups (B and C)
were ball-milled under the above conditions of milling
time and speed. Samples in each group were pressed at
650 MPa.
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Table 1.
The chemical composition of the used aluminum powder
Element Fe Mn 0] Si Zn Cu Mo Al
Wit% 0.0003 0.0004 0.0002 0.0002 0.0002 0.0002 0.0002 balance
Table 2.
The prepared Al and its composites groups and subgroups
No Title of composite Al Wt% Si0, Wt%
A Aluminum 100 0
1 Aluminum + SiO, 97 3
B 2 Aluminum + SiO, 94 6
3 Aluminum + SiO, 91 9
1 Aluminum + SiO, 99.875 0.125
C 2 Aluminum + SiO, 99.875 0.250
3 Aluminum + SiO, 99.500 0.500

The green compact samples were then sintered in an
electric resistance furnace (Carbolite type) under an argon
gas atmosphere at 528 °C for 0.5 hour, and then they
cooled to room temperature. FESEM and XRD facilities
were used for powders and samples microstructure
analyses.

II. Electrochemical Measurements

The measurement procedures used for the corrosion
tests of Al and its composite sintered samples were
performed using potentiodynamic and cyclic polarization
methods. A specific holding facility was used to house the
electrochemical cell, which consisted of a 300 milliliters
beaker with three electrodes submerged in the corrosion
solution. All electrodes consisted of an inert platinum
auxiliary electrode and an Ag/AgCl/3.5 M KCI type
reference electrode. The latter was employed to measure
the potential of the working electrode, which was
composed of Al and its composite samples with
(1= 0.05) cm? testing area. Before exposure to the
corrosive solution, the two circular parallel faces of the
sample were wet-ground using SiC emery papers with grit
sizes of 1000, 2000, and 3000. Subsequently, they were
polished using a suspension solution of 0.5 um alumina.
Finally, the samples were washed with distilled water and
dried in a laboratory oven at 120 °C for ten minutes. The
electrochemical cell was coupled to a specialized software
interface, which enabled the changes for testing to be
recorded on the associated laptop in the form of
diagrammatic drawings as well as numerical values. In a
0.1 M HClI aqueous solution, the experiments were carried
out at a temperature of 30°C plus or minus one degree
Celsius. The corrosion solution was prepared immediately
before each examination. The scan rate was set to 1 mV/s.
The potential (Ecorr), current density (icorr) of corrosion,
and Tafel slopes were measured using the Tafel
extrapolation method. The cyclic polarization tests were
performed between (+ 3000 and 1500) mV.

II1. Results and Discussion

The ratio of surface area to the volume of nano SiO;

particles with 25 APS is 176 time greater than the ratio of
surface area to the volume of micro-SiO, with 44 micron
APS, if the nano and micro - size particles of SiO; are
assumed to have either cube or spherical shape. The
surface area, volume, and surface area / volume ratio of
cube, and spherical shape bodies’ formulas are used to
obtain the number 176. This fact is true for any shape of
added particles. The surface area to volume factor was
taken in consideration that compensate the lower wt%
nano SiO; used to prepare the composite samples with
respect to the higher wt% of micro-size SiO; used. In other
word the surface area to volume factor is more important
than the weight percentage when different size particles
are used as additions to the metallic matrix.

Initially, little information was available regarding the
corrosion behavior of Al/SiO, composites fabricated by
PM in acidic solutions. Figure.l illustrates an FESEM
image of the Al powder used. The powder particles have
a hemispherical configuration. Figures 2 and 3 show the
FESEM images of the micro- and nano-sized SiO»
powders. The micro-sized powder particles had a bulky
irregular shape. The nano-powder particles had a spherical
shape and agglomerated into large pieces.

Fig. 1. FESEM photo for Al powder.
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Fig. 2. FESEM photo for micro-size SiO, powder.

The XRD patterns of Al and nano- and micro-sized
SiO, powders are shown in figures 4, 5, 6, and 7. Figure 4
illustrate that there is a good agreement between the XRD
patterns of the analyzed Al powder and ICCD card No.
(04-0787) and noticeable diffraction peaks were
positioned on the curve at 206 =38.5 (111), 20 =44.7
(200), 26 = 65.1 (220) and 26 =78.2 (311) [23].
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Fig. 4. XRD graph for Al powder.

Changes occurred in the XRD peaks of the Al powder
when it was pressed and sintered, as illustrated in figure 5
(A and B). In addition, a deviation of degrees was
observed in the characteristic four peaks toward the right
hand after pressing and sintering the Al powder. This
phenomenon has also reported by A. Rebhi et al [24] and
D. Rahmatabadi et al [25] where they are independently
and experimentally proved the occurrence of variation in
the values of intensity and angle of the characteristic peaks
of Al sample according to the effect of heat cycle by
annealing, and cold pressing by extrusion or rolling
processes.

The XRD patterns for nano-SiO, shown in figure 6
indicate that no diffraction peaks were observed, in
addition to a broad band centered at 26 = 22.7, which is
the typical peak for amorphous SiO; according to ICCD
card No. (29-0085) and the nano-sized SiO» powder is
amorphous [26]. Micro SiO; powder has a-quartz form
with a hexagonal crystalline structure, and its XRD
spectrum is shown in figure 7. The strong peaks
correspond to the spacings of the 100, 101, 110, and 102,

Fig. 3. FESEM photo for nano-size SiO, powder.
crystal planes of quartz SiO; and agree well with the ICDD
card No. (97631-86-9) [27]. The XRD analysis graphs
confirmed the types of utilized powders and their purities
(the absence of other substances) because no other phase
was found, and there were no contaminating reactions.
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Fig. 5. XRD graph for: A. Al powder, B. Sintered Al
sample.
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Figure 8 explains a FESEM photo for the surface
texture of the Al sintered compact sample which is clearly
indicates the absence of the porosity on the surface at least
at the microstructure level and good bonding between Al
particles due to excellent and successful compacting and
sintering processes. An observable change is shown in the
microstructure of the Al as displayed in the figure 9, where
white colored SiO; particles are well distributed and
imbedded within the Al matrix. For more accurately
examination of the surface of the Al-nano-SiO;
composites, therefore very high magnification power at
the substructure level was used. Hence the figure 10
displays the existence of the nano-SiO; particles at the Al
particles boundaries and within the Al-particles. It is clear
that at some positions the Al particles are bonded with
each other, while at other position the Al-particles are
isolated from each other by a thin (nano-scale) layer of the
added nano-SiO;.
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Fig. 6. XRD graph for nano-size SiO, powder.
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Fig. 9. FESE photo for Al
composite.
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Fig. 10. FESEM photo for Al - nano-SiO, composite.

IV.Potontiodynamic Polarization

The anodic polarization curve for the Tafel analysis
was determined for a wide range of potentials in volts, as
opposed to the corrosion potential (Ecorr) with 1mV/sec
scan rate after exposure to the electrolyte. The corrosion
parameters, such as the anodic and cathodic Tafel slopes
(Ba and PBc), and corrosion current density (icorr)) were
obtained from the polarization curves by Tafel
extrapolation. The CRs in millimeters per year were
determined with the assistance of the current density of
corrosion, which was determined based on ASTM G 102
using the mathematical formula (1) [28].

CR(mPY) = 0-132_ lcorr (D
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Where:

Cg: Corrosion rate in mpy =1 x 0.0254 mmpy.

e: equivalent weight of Al, Al-nano SiO, and Al-
micro-SiO; (gm), and p: density of Al, Al-nano SiO; and
Al-micro-SiO; (gm.cm™).

The Icorr, Ecorr, and Tafel slopes were the primary
representations of the findings. In figure 11, the
polarization behavior of aluminum sintered compact
sample is shown in a solution of 0.1 M hydrochloric acid.

Potentiodynamic and Tafel extrapolation techniques
are typically used to evaluate corrosion rate (CR). Even at
modest corrosion rates, it is reasonable to identify them
[28]. The icorr, Ecorr, and Tafel slopes are listed in table
3. The potentiodynamic polarization curve of aluminum
with micro-SiO; addition is shown in figure 11, which was
constructed under identical conditions as in the previous
figure. The icorr and Ecorr values as well as the Tafel
slope values derived from the Tafel plots are shown in
table 3.
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The icorr was enhanced by moving it to lower values
when (3, 6, and 9) wt. % micro-SiO; added (Groups B-1,
2, and 3). Their values were 6.826 x 10, 6.098 x 10 and
3.286 x 10° A/cm?, respectively, compared to
1.145 x 10* A/cm? for Al-sintered compacts. Hence, CR
decreased from 3.239 mmpy for the Al sample to 0.195,
0.177, and 0.0997 for groups B-1, 2 and 3 samples.

The potentiodynamic polarization curve of aluminum
with nano-SiO, addition is shown in figure 12. This curve
was examined under conditions identical to those used for
the aluminum-sintered compact sample. The icorr, Ecorr,
and Tafel slope values acquired from the Tafel plots are
listed in Table 3. These values were derived from Tafel
lines. The icorr was improved by shifting it to lower values
at (0.125,0.25 and 0.5) wt% nano-SiO» (Group C- 1, 2 and
3 respectively). Their values were 6.386 x 107,
4795 x 107 and 1.726 x 10°A/cm?, respectively, as
compared to 1.145 x 10*% A/em? for the Al-sintered
compact sample. Hence, the CR decreased from
3.239 mmpy for the Al sample to 1.807, 1.357, and 0.489
for the samples of groups C-1, 2 and 3 samples,
respectively, as shown in figure 12.

However, the CR results showed that the addition of
micro- and nano-SiO, was useful because it improved
corrosion resistance at all addition amounts for both sizes,
particularly at the highest amount of addition. But the
micro sized - SiO, was more active than nano-sized one in
its contribution to reducing the CR of Al. The practical and
logical explanation for these results could be the isolation
characteristic that the SiO, particles played by creating a
barrier between the Al particles and the corrosive acidic
solution in noticeable areas at the Al particle surfaces and

3.5 === Al Base
— Al + 3 W% micro-size Si0
3.0 o = Al + 6 Wt% micro-size Si0»
Al + 9 Wt% micro-size SiO»
2.5
2.0+
; 1.5 4
3
‘g 1.0 1
S 05
o s
o
0.0 ";’
o854 00 o NN Ariemia®
-1.0 4 N\
-1.5
1E8 1E-7 1E6 1E-5 1E<4 0.001 0.01 0.1 1

current density (Amp/cm?)

Fig. 11. . Potontiodynamic polarization of Al - micro-
SiO, composite

Al particles boundaries, thus lowering the dissolution of
Al, which is reflected positively in the improvement of the
corrosion resistance of Al. The results of the present
research were in good agreement (from point of view
added particle size) with the work of Loto, Roland
Tolulope et al [29] where they are concluded that
aluminum matrix composite containing 500 nm alumina
particles has better corrosion resistant than the composite
containing 80 nm particle size alumina in 0.1M H,>SO4 and
1.78% NaCl solution, according to their potentiodynamic
polarization tests results. On other hand Mahdavi, S and
his co-workers [18] in a part of their work were calculated
electrochemical parameters about the effect of alumina
particle size on corrosion behavior of Co/Al,O3; composite
coatings and their results confirmed that the incorporation
of micro-sized alumina particles within the cobalt matrix
has the greatest effect on increasing the corrosion
resistance than nano-alumina addition. Their conclusion is
in well agreement with the result of the present work.

The lower corrosion resistance improvement took
place when nano-size SiO» particles used with respect to
the higher corrosion resistance improvement that took
place when micro-size SiO; particles used could be due to
lager amount of voids that associated the preparation of Al
/ nano-size SiO, composites. Where, these voids provided
easy ways for the corrosive HCl solution to reach the metal
surface.

V. Cyclic Polarization

Cyclic polarization is extremely useful system for

— Al Base

— Al D128 Wi nano-size S0
— Al 0,25 WIS nano-size Si0)
— Al 0,5 wi%% nane-size Si0) 3

3.5 1
3.0
2.5
2.0 +
1.5
1.0 4

0.5 -

Potential (V)

0.0 -

0.5

-1.0 4

1.5 =

1E9 1E-8 1E7 1E-6 1E-5 1E4 0001 0.01

current density (Amp/cm?)
Fig. 12. Potontiodynamic polarization of Al - nano-
Si0, composite.

0.1 1

Table 3.
Some obtained data from potontiodynamic and cyclic polarization tests
No | Group ( AI/Z’;IQ) Ean (V) | a(Video) |y /%Cec) EpitV | CRmmpy
1 A 1.145x10* 0.652 0.208 0.194 -376 3.239
2 1 6.826x10¢ 0.130 0.204 0.203 Nil 0.195
3 B 2 6.098x10¢ 0.048 0.194 0.230 Nil 0.177
4 3 3.286x10¢ 0.0402 0.181 0.230 - 0.0997
5 1 0.386x107 0.459 0.197 0.203 Nil 1.807
6 C 2 4.795x10° 0.205 0.199 0.214 Nil 1.357
7 3 1.726x10° 0.186 0.197 0.222 1.601 0.489
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defining the susceptibility of metallic materials to pitting
[28, 30]. Figure 13 shows that the apex potential for the Al
sample is 3000 mV. The backward opposing scan curve
begins to the right of the forward scan, which means that
it begins to move in the direction in which a larger current
density is experienced. Documentation indicates that this
behavior that Al has low resistivity to local corrosion [28,
30]. This behavior establishes that breakdown of the oxide
film occurred, particularly at —0.376 V, as listed in table
3. Accordingly the test is ensured that the Al sample was
subjected to pitting under test conditions.

— Al sintered compact sample

Ptential (V)

T T T
0.001 0.01 0.1

current density (Amp/cm?)

1E-§ 1E.5 lEl-l
Fig. 13. Cyclic polarization of Al sintered compact
sample.

At the same scan rate and potential range the addition
of 9 wt% micro-SiO, particles addition improved the
pitting resistance, where E pit is disappeared and no loop
was formed between the forward and reverse scans, which
insured the absence of the pitting corrosion for this type of

— AL+ 9% micro-size SIO;

34

Ptential (V)

-2
1E-9

1E-8 1E-7 1E6 1E-8

current density (Amp/cm?)

Fig. 14. Cyclic polarization of Al- 9 wt% micro SiO,

composite sample.
A

¢ 3 wi%s micro size SO,
¢ 6 WI%e micro size SO,
9 Wi%e micro-size SIO,

Ptential (V)

2 4
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E4 0.001 001 0.1 1

10
current density (Amp/cm?)
Fig. 16. Cyclic polarization
SiO>composites (group B) samples.

of

Al-nano
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Al-SiO; composite. This is well clarified in the figure 14.
The same improvement occurred when 0.5 wt% nano-
SiO; particles were added to Al as indicated in the figure
15, by raising E pit value from (- 0.376 to 1.601) Volt. The
above cyclic polarization test results explained the benefit
of the addition of micro and nano-sized SiO, toward the
improvement of the resistance for Al both against general
and pitting corrosion of Al a 0.1 M HCI solution, which
was selected for the present study because it is an effective
solution for validating both general and localized
corrosion of metals and alloys, that show passivity
behavior such as Al.

For a clearer understanding of the effects of micro-
and nano-size SiO; additions on the corrosion behavior of
Al by means of cyclic polarization, beside to the data of E
pit indicated in the table 3, the combination of cyclic
polarizaition curves for both sizes SiO additions to the Al
(groups B and C samples) are gathered and compared with
that of pure Al sample (group A) as shown in the figures
16 and 17, respectively. The highest addition amount for
both micro- and nano-sized SiO, additions moved the
curve to the right and E corr to a more positive value,
which is strong evidence of the improvement in Al
resistance against localized (pitting) corrosion by
manufacturing the composite material with SiO addition
by PM process.

Conclusions

1. The absence of the porosity from the prepared Al
and its composites at least at the microstructure level

— Al + 0.5 wt% nano-size SiO,

Ptential (V)

1S 1E4 0001 001 0.1
current density (Amp/cm?)

Fig. 15. Cyclic polarization of Al- 0.5 wt% nano

Si0, composite sample.
Al
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- o AL+ 0,125 Wt% nano-sizc SO0,
31— Al +0.25 Wt% nano-size SiO,
- = AL+ 0.3 W% nuno-sice SiO, ]
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=
c
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& ol
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2 4

1€E.8 1E.7 1E6 1E.5 1E4 0001 001 0.1 1 10
current density (Amp/cm?)

Fig. 17. Cyclic polarization of Al-nano SiO;
composites (group C) samples.



Investigation the Effect of Micro and Nano Size (SiO2) on the Corrosion Resistance of Aluminum

prove the success of the PM steps performed. addition.

2. The addition of the both micro and nano-sized SiO, 4. It is important to note that the addition of 9 wt%
particles were improved the general corrosion of Al in micro-sized particles tends to collapse the loop formed
0.1 M HCI solution, where the greatest improvement was between the forward and reverse cyclic polarization scans,
32.49 times at 9 wt% micro-size SiO» addition. On other which ensures the absence of pitting corrosion for this type
hand the greater improvement of corrosion resistance was of Al-SiO; composite.

6.62 times at 0.5 wt% nano-sized SiO; addition.

3. The cyclic polarization results explained the
beneficial effect of the micro- and nano-sized SiO, Abd N.A. — Doctor of Physics/ Solid Physics, Lecturer at
additions in improving the pitting corrosion resistance of Kirkuk General Education Directorate.

Al against a 0.1 M HCI solution in the absence of an E pit Yagoob Jawdat Ali — Doctor of Metallurgy Engineering
o) : ) : e
for the Al-9wt% micro-sized SiO, composite, and lifting  _Napomaterials, Professor at Kirkuk Polytechnic College,

up its value for Al-0.5 wt% nano-sized SiO2 composite  Northern Technical University. Coressponding Auothor
with respect to that of Al sintered compact with no
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H.A. A6xa', dxasnar Ani Sry6?

JlociiazKeHHs BIVIMBY MIKPO- Ta HAaHOPO3MipHOro SiQ: Ha KOpo3iiiHy
CTIHKICTh AJTIOMIiHIIO

IVnpaesninna 3azanvnoi oceimu m. Kipxyx, Minicmepcmeo ocsimu, m. Kipxyx, Ipax, Nawal. Ali. Abd@st.tu.edu.iq;
Inonceneprno-mexniunuii konedxc Kipxyra, Iieniunuti mexniunuii ynisepcumem, m. Kipxyx, Ipax, jaw209662@ntu.edu.ig

VY po6orti gociimpKeHo BILHB 1o0aBok HaHopo3MipHoro SiO: (0,125; 0,25 ta 0,5 mac. %) i Mikpopo3mipHOTO
Si0: (3; 6 Ta 9 mac. %) Ha KOpO3ilHY CTIHKICTB aJIfOMiHi0 (Al), BATOTOBIEHOTO METOIOM HOPOIIKOBOT METAITyprii.
[opommok Al Ta KOMITIO3UTHI CyMiIlli OKpeMO MiIaBaid KyJb0BOMY IOMENTY MPOTITOM 3,5 TOX MPH MIBHIAKOCTL
145 06/xB y mocynuHi 3 Hepkasirouoi cram 304SS. «3eneHi» mpecoBkH (HOpMyBaIM METOAOM OIHOBICHOTO
npecyBaHHs ipu THCKY 650 MITa, micnst goro crikanu mpu temneparypi 528 °C nmpotsarom 0,5 Toa B eNeKTpHYHINA
MyQeTbHil medi B atMocepi aproHy.

Pe3ynpTaTi NOTEHINIOIUHAMIYHOT MOJSPU3AITil OKA3aJIH, 1110 KOPO3iiiHa CTIHKICTh TOCTIKYyBaHUX 3paskiB Al
y 0,1M pozunni HCI niaBuiyeTscs npy BBeIeHHI SK MiKpo-, TaK 1 HaHOPO3MipHHUX YacTHHOK SiO:. [Ipu upomy
OiMbII iCTOTHE MOKPALICHHSI CIIOCTEPIrajocs y BHMAAKy BHUKOpPHCTaHHA MikpoposmipHoro SiO.. KoposiiiHa
crilikicte Al 3pocrama y (17,07; 18,24 ta 32,49) pasza npu noxaBanui BigmoBigo (3; 6 ta 9) mac. %
Mikpopo3smipaoro SiO.. BogHouac nomaBanust HaHOpo3MipHOTO SiO: MiABUIYBaIO KOPO3iiiHY cTilikicTh y (1,79;
2,38 ta 6,62) pasza npu Bwmicri (0,125; 0,25 ta 0,5) mac. %. Takoxx BBeJeHHS MiKpo- Ta HaHOpo3MipHOTO SiO:2
3MEHIIIyBAaJIO MITHHTOBY KOpO3if0 Al 3a paxyHOK 3MillICHHS ITITHHTOBOTO MOTEHIATY 0 OLTBII BUCOKHX 3HAYCHb
B YMOBax [ii KHCJIOTO cepeoBHIa. Taki BACHOBKM OTPUMAHO 3a pe3yJIbTaTaMH LHKJIIYHOI MOJIsIpu3alii 3pasKis.
Kpim Toro, mans aHamizy CTpyKTypH BHUTOTOBICHHX 3pa3kiB Al Ta HOro KOMMO3HTIB Oyl0 BUKOPHCTAHO METOIH
penTreHocTpykrypHoro aHamizy (XRD) Ta ckaHyBanbHOI €NEKTPOHHOI MIKPOCKOIIl 3 IOJBOBOIO €MiCielo
(FESEM).

KurouoBi ciioBa: amomiHieBi kommno3uty, SiOz, eNeKTpoxXiMiuHa KOpo3is, MOPOIIKOBA METAYpPris, pO34nH
HCL
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