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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 ºC 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 SiO2 particles. 

Where, better improvement was detected when micro-sized SiO2 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 SiO2 particles were added, 

respectively. While the addition of nano-sized SiO2 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 

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]. 

AlMCs 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 AlCs 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% HCl solution on the corrosion rate (CR) of SiC 

and Al2O3 reinforced AlCs at four different temperatures 

using the mass loss method. The CR of Al increased with 

an increase in the weight fractions of Al2O3 and SiC. Ch. 

Ratnam et al. [14] investigated the corrosion behavior of 

Al2024 alloy composites prepared with B4C and graphite 

powder. The samples were immersed in water: HCl 

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-SiO2 

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/SiO2 (B) and Al/SiO2 (T), increased with 

increasing SiO2 content. The corrosion resistance of the 

Al/SiO2 (T) group was higher than that of the Al/SiO2 (B) 

group. Velavan et al. [17] determined the corrosion 

resistance of Al6061-SO2 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-

Al2O3 coating deteriorated the corrosion resistance of the 

Co film.  The corrosion current density was increased from 

2 to 3 mA cm-2 by incorporation of the nanoAl2O3-

particles, while it was decreased to 0.8 mA cm-2 by 

incorporation of the micro Al2O3-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 HCl 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 MgSi2 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 SiO2 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 HCl (0.1M HCl) 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 μm and its chemical composition is illustrated in the 

table 1 is used as the matrix metal.  

The SiO2 nanoparticles used were amorphous white, 

with a particle size of (20-30) nm. In contrast, the APS of 

the white-colored micro-sized SiO2 powder was 44 μm. 

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 SiO2 (group B) and Al- nano-sized 

SiO2 (group C) were prepared by mixing SiO2 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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The green compact samples were then sintered in an 

electric resistance furnace (Carbolite type) under an argon 

gas atmosphere at 528 oC 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 KCl 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) cm2 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 µm 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 HCl 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. 

III. Results and Discussion 

The ratio of surface area to the volume of nano SiO2 

particles with 25 APS is 176 time greater than the ratio of 

surface area to the volume of micro-SiO2 with 44 micron 

APS, if the nano and micro - size particles of SiO2 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 SiO2 used to prepare the composite samples with 

respect to the higher wt% of micro-size SiO2 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/SiO2 composites fabricated by 

PM in acidic solutions. Figure.1 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 SiO2 

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.  

Table 1. 

The chemical composition of the used aluminum powder 

Element Fe Mn O Si Zn Cu Mo Al 

Wt% 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% SiO2 Wt% 

A Aluminum 100 0 

B 

1 Aluminum + SiO2 97 3 

2 Aluminum + SiO2 94 6 

3 Aluminum + SiO2 91 9 

C 

1 Aluminum + SiO2 99.875 0.125 

2 Aluminum + SiO2 99.875 0.250 

3 Aluminum + SiO2 99.500 0.500 
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The XRD patterns of Al and nano- and micro-sized 

SiO2 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 2ϴ =38.5 (111), 2ϴ =44.7 

(200), 2ϴ = 65.1 (220) and 2ϴ =78.2 (311) [23]. 

 

 
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-SiO2 shown in figure 6 

indicate that no diffraction peaks were observed, in 

addition to a broad band centered at 2ϴ = 22.7, which is 

the typical peak for amorphous SiO2 according to ICCD 

card No. (29-0085) and the nano-sized SiO2 powder is 

amorphous [26]. Micro SiO2 powder has α-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, 

crystal planes of quartz SiO2 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. 

 

 
Fig. 5. XRD graph for: A. Al powder, B. Sintered Al 

sample. 

 

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 SiO2 particles are well distributed and 

imbedded within the Al matrix. For more accurately 

examination of the surface of the Al-nano-SiO2 

composites, therefore very high magnification power at 

the substructure level was used. Hence the figure 10 

displays the existence of the nano-SiO2 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-SiO2.  

  
Fig. 2. FESEM photo for micro-size SiO2 powder.  Fig. 3. FESEM photo for nano-size SiO2 powder. 
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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 

(βa and βc), 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) = 0.13
𝑒

𝜌
− 𝑖𝑐𝑜𝑟𝑟   (1) 

 

Where: 

𝐶𝑅: Corrosion rate in 𝑚𝑝𝑦 = 1 × 0.0254 mmpy. 

𝑒: equivalent weight of Al, Al-nano SiO2 and Al-

micro-SiO2 (gm), and ρ: density of Al, Al-nano SiO2 and 

Al-micro-SiO2 (gm.cm-3). 

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-SiO2 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. 

  
Fig. 6. XRD graph for nano-size SiO2 powder. 

 

Fig. 7. XRD analysis graph for micro-size SiO2 

powder. 

  
Fig. 8. FESEM photo for Al sintered sample. Fig. 9. FESEM photo for Al -micro-SiO2 

composite. 

 
Fig. 10. FESEM photo for Al - nano-SiO2 composite. 
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The icorr was enhanced by moving it to lower values 

when (3, 6, and 9) wt. % micro-SiO2 added (Groups B–1, 

2, and 3). Their values were 6.826 × 10-6, 6.098 × 10-6 and 

3.286 × 10-6 A/cm2, respectively, compared to  

1.145 × 10-4 A/cm2 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-SiO2 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-SiO2 (Group C- 1, 2 and 

3 respectively). Their values were 6.386 × 10-5,  

4.795 × 10-5 and 1.726 × 10-5A/cm2, respectively, as 

compared to 1.145 × 10-4 A/cm2 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-SiO2 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 - SiO2 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 SiO2 particles played by creating a 

barrier between the Al particles and the corrosive acidic 

solution in noticeable areas at the Al particle surfaces and 

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 H2SO4 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/Al2O3 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 SiO2 particles used with respect to 

the higher corrosion resistance improvement that took 

place when micro-size SiO2 particles used could be due to 

lager amount of voids that associated the preparation of Al 

/ nano-size SiO2 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 

  
Fig. 11. . Potontiodynamic polarization of Al - micro-

SiO2 composite 
Fig. 12. Potontiodynamic polarization of Al - nano-

SiO2 composite. 

 

Table 3. 

Some obtained data from potontiodynamic and cyclic polarization tests 

No Group 
Icorr 

(A/cm2) 
-Ecorr (V) βa(V/dec) 

-βc 

(V/dec) 
E pit V CR mmpy 

1 A 1.145×10-4 0.652 0.208 0.194 -376 3.239 

2 

B 

1 6.826×10-6 0.130 0.204 0.203 Nil 0.195 

3 2 6.098×10-6 0.048 0.194 0.230 Nil 0.177 

4 3 3.286×10-6 0.0402 0.181 0.230 - 0.0997 

5 

C 

1 0.386×10-5 0.459 0.197 0.203 Nil 1.807 

6 2 4.795×10-5 0.205 0.199 0.214 Nil 1.357 

7 3 1.726×10-5 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. 

 

 
Fig. 13. Cyclic polarization of Al sintered compact 

sample. 

At the same scan rate and potential range the addition 

of 9 wt% micro-SiO2 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-SiO2 composite. This is well clarified in the figure 14. 

The same improvement occurred when 0.5 wt% nano-

SiO2 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 SiO2 toward the 

improvement of the resistance for Al both against general 

and pitting corrosion of Al a 0.1 M HCl 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 SiO2 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 SiO2 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 SiO2 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 SiO2 addition 

by PM process. 

Conclusions 

1. The absence of the porosity from the prepared Al 

and its composites at least at the microstructure level 

  
Fig. 14. Cyclic polarization of Al- 9 wt% micro SiO2 

composite sample. 

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

SiO2 composite sample. 

  
Fig. 16. Cyclic polarization of Al-nano 

SiO2composites (group B) samples. 

Fig. 17. Cyclic polarization of Al-nano SiO2 

composites (group C) samples. 
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prove the success of the PM steps performed. 

2. The addition of the both micro and nano-sized SiO2 

particles were improved the general corrosion of Al in 

0.1 M HCl solution, where the greatest improvement was 

32.49 times at 9 wt% micro-size SiO2 addition. On other 

hand the greater improvement of corrosion resistance was 

6.62 times at 0.5 wt% nano-sized SiO2 addition. 

3. The cyclic polarization results explained the 

beneficial effect of the micro- and nano-sized SiO2 

additions in improving the pitting corrosion resistance of 

Al against a 0.1 M HCl solution in the absence of an E pit 

for the Al-9wt% micro-sized SiO2 composite, and lifting 

up its value for Al-0.5 wt% nano-sized SiO2 composite 

with respect to that of Al sintered compact with no 

addition. 

4. It is important to note that the addition of 9 wt% 

micro-sized particles tends to collapse the loop formed 

between the forward and reverse cyclic polarization scans, 

which ensures the absence of pitting corrosion for this type 

of Al-SiO2 composite.  
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У роботі досліджено вплив добавок нанорозмірного SiO₂ (0,125; 0,25 та 0,5 мас. %) і мікророзмірного 

SiO₂ (3; 6 та 9 мас. %) на корозійну стійкість алюмінію (Al), виготовленого методом порошкової металургії. 

Порошок Al та композитні суміші окремо піддавали кульовому помелу протягом 3,5 год при швидкості 

145 об/хв у посудині з нержавіючої сталі 304SS. «Зелені» пресовки формували методом одновісного 

пресування при тиску 650 МПа, після чого спікали при температурі 528 °C протягом 0,5 год в електричній 

муфельній печі в атмосфері аргону. 

Результати потенціодинамічної поляризації показали, що корозійна стійкість досліджуваних зразків Al 

у 0,1М розчині HCl підвищується при введенні як мікро-, так і нанорозмірних частинок SiO₂. При цьому 

більш істотне покращення спостерігалося у випадку використання мікророзмірного SiO₂. Корозійна 

стійкість Al зростала у (17,07; 18,24 та 32,49) раза при додаванні відповідно (3; 6 та 9) мас. % 

мікророзмірного SiO₂. Водночас додавання нанорозмірного SiO₂ підвищувало корозійну стійкість у (1,79; 

2,38 та 6,62) раза при вмісті (0,125; 0,25 та 0,5) мас. %. Також введення мікро- та нанорозмірного SiO₂ 

зменшувало пітингову корозію Al за рахунок зміщення пітингового потенціалу до більш високих значень 

в умовах дії кислого середовища. Такі висновки отримано за результатами циклічної поляризації зразків. 

Крім того, для аналізу структури виготовлених зразків Al та його композитів було використано методи 

рентгеноструктурного аналізу (XRD) та сканувальної електронної мікроскопії з польовою емісією 

(FESEM). 

Ключові слова: алюмінієві композити, SiO₂, електрохімічна корозія, порошкова металургія, розчин 

HCl. 
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