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Abstract

:

In this study, the influence of silicon carbide on an aluminum alloy’s yield tensile strength, ultimate tensile strength, compressive strength, tensile toughness and impact toughness were investigated. Meanwhile, the aluminum alloy specimens were exposed to the dry–wet alternations with a 3% NaCl solution or 3% Na2SO4 solution. Scanning electron microscope (SEM) photos and scanning electron microscopy energy spectra (SEM-EDS) were obtained. The results indicate that the silicon carbide with a mass ratio of 0%~8% of the total mass of the aluminum alloy can increase the yield tensile strength, the ultimate tensile strength, and the compressive strength by rates of 0%~30.4%, 0%~14.1% and 0%~13.1%. However, when the mass ratio of the silicon carbide increased from 8% to 10%, the yield tensile strength, the ultimate tensile strength and the compressive strength decreased by rates of 0%~3.2%, 0%~2.6% and 0%~0.43%. The tensile toughness and the impact toughness decreased when silicon carbide was added, with reduction rates of 0%~15.3% and 0%~12.8%. The NaCl dry–wet alternations led to decreases in the yield tensile strength, the ultimate tensile strength, the compressive strength, the tensile toughness and the impact toughness by rates of 0%~7.3%, 0%~6.7%, 0%~13.9%, 0%~12.7% and 0%~11.2%, respectively. After the Na2SO4 dry–wet alternations, the corresponding decreasing rates were 0%~5.1%, 0%~5.4%, 0%~1.73%, 0%~11.4% and 0%~9.7%. The addition of silicon carbide resulted in a decrease in the effect on the mechanical strength by the NaCl and Na2SO4 dry–wet alternations. The elements carbon, oxygen, magnesium, aluminum and silicon were observed in the aluminum alloy. The structures of the aluminum alloy with 8% silicon carbide were the highest.
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1. Introduction


Aluminum alloy is a widely used metal material in the aerospace industry, electronic packaging, the automotive industry, the rail industry, the navigation industry, and the fields of transportation and building materials [1,2]. In anti-corrosion technology, aluminum alloy has been used as a coating material to protect metals from corrosion. Vu et al. have reported that aluminum–zinc alloy and calcium aluminum alloy coatings on steel can protect the steel from corrosion [3,4]. Unlike non-metallic materials, aluminum alloys show good heat resistance and compactness, a high specific strength, a high specific modulus, good thermal conductivity, high wear resistance, low thermal conductivity and an excellent coefficient of expansion [5,6]. Compared with steel and copper, aluminum alloys is more lightweight [7,8]. Additionally, when aluminum alloys are exposed to air, a dense oxide film will form on the surface of the aluminum alloy, which can protect the material from further corrosion [9,10]. However, when aluminum alloys are used in special environments, such as those exposed to marine erosion, their performance may deteriorate due to the corrosive effect of salts [11,12]. Therefore, it is necessary to add substances that can enhance the performance of aluminum alloys in order to improve their mechanical and durable properties.



Nano-silicon carbide is a nanoscale semiconductor filling material and has been used as a kind of effective filler for enhancing aluminum alloys [13,14]. Titanium carbide, titanium boride and aluminum oxide have been used to enhance the mechanical properties and the corrosion resistance of aluminum alloys [15,16,17]. Compared with these materials, nano-silicon carbide has a lower coefficient of thermal expansion which is beneficial for improving its durability. Moreover, nano-silicon carbide possesses higher hardness and wear resistance, and better mechanical performance and thermal stability. The incorporation of aluminum nano-silicon carbide particles has been shown to significantly enhance an aluminum alloy’s compressive and tensile strengths [18,19,20]. Wang et al. [21,22,23] have reported that nano-silicon carbide at a mass ratio of 9.3% can increase an aluminum alloy’s tensile strength to 213 MPa and the compressive strength to 425 MPa, increases of 31.6% and 24.2%. However, the aluminum alloy’s tensile toughness was decreased by the addition of nano-silicon carbide [24,25,26,27]. Although the influence of nano-silicon carbide on aluminum alloys’ mechanical properties has been investigated by several scholars, little attention has been paid to the mechanical strength of aluminum alloys with nano-silicon carbide that have been exposed to NaCl and Na2SO4 dry–wet alternations.



Due to being a kind of metal material, aluminum alloys can easily corrode due to the loss of electrons [28,29]. Aluminum alloys encounter the erosive effect of salts when exposed to marine engineering environments. The corrosive effect of salts can damage the passivation film on the surface of aluminum alloys, causing corrosion of the aluminum alloys [30,31]. Zhao et al. [32,33] found that SiC can improve aluminum alloys’ corrosion resistance by decreasing the corrosion current and electrochemical corrosion action. SiC has been reported to improve aluminum alloys’ service life [34,35]. However, the attenuation law of the mechanical properties of aluminum alloys in salt environments has rarely been studied by researchers. Dry–wet alternations of NaCl and Na2SO4 are common salt erosion conditions that are encountered by aluminum alloy materials in coastal environments [36,37,38]. Hence, in this study, dry–wet alternations of NaCl and Na2SO4 were selected as the typical erosive environments.



The influence of nano-silicon carbide on an aluminum alloy’s properties was investigated in this study. The mechanical performances, including the yield tensile strength, the ultimate tensile strength, the compressive strength, the tensile toughness and the impact toughness, were investigated in this study. The mass ratio of the nano-silicon carbide added to the aluminum alloy varied from 0% to 10%. The specimens were exposed to dry–wet alternations of a 3% NaCl solution or 3% Na2SO4 solution. Scanning electron microscopy energy spectra (SEM-EDS) were obtained to reveal the variation in the mechanical properties of the aluminum alloy with nano-silicon carbide. The innovation of this study is the development of a new metal material: a nano-silicon carbide aluminum alloy. Moreover, the system’s mechanical performances including the static and impact performances when exposed to a typical simulated marine environment were investigated. This research provides new materials for the application of aluminum alloys in salt environments.




2. Experimental


2.1. Raw Materials


The 6061 aluminum alloy was selected as the base material for this study. The composition is shown in Table 1. Commercially available green silicon carbide (content ≥ 97%) with an average particle diameter of 500 nm, a density of 3.21 g/cm3, a high melting point of 2545 °C, an elastic modulus of 420 GPa, a thermal conductivity of 41.0 W·m−1·K−1, and a linear expansion coefficient of 5.12 × 10−6 °C−1 was used as the reinforcing material. The material exhibited a Mohs hardness of 9.5, making it extremely resistant to scratching and abrasion.




2.2. Specimen Preparation


The mass fractions of the aluminum alloy are shown in Table 2.



The composite slurry was prepared as follows. The roasted oxidation process was used to pretreat the SiC particles. First, the SiC particles were put into a preheated quartz crucible. The temperature was raised to 600 °C, and the holding time was 2~3 h. Next, the temperature was raised to 1000 °C for 6 h with constant stirring to ensure that the SiC particles were fully oxidized. An electronic scale was used to weigh the proportions of the 6061 aluminum alloy and silicon carbide particles. The silicon carbide particles were put into the prepared corundum crucible at 300 °C for the second preheating step to enhance its activity. The prepared 6061 aluminum alloy was put into the graphite crucible, and, at the same time, the temperature was raised to 700 °C for melting. After the alloy was melted, the surface was decontaminated and the temperature was lowered to 650 °C. The stirring temperature was set at 640 °C. The stirring paddle was made of high-temperature- and corrosion-resistant 316 stainless steel with four blades. The graphite coating on the surface after preheating could reduce corrosion. The stirring commenced, with argon introduced for protection, starting with the addition of particles at 300 rpm, and subsequently increasing to 700 rpm for complete integration of the particles. When stirring out of the vortex, a small amount of secondary preheated particles was added through the V-shaped groove. The second addition was made when they were fully saturated. The mixing time was controlled to be above 15 min. After the mixing was finished, the stirring was started at 680 °C~720 °C.



When the temperature rose to 680 °C~720 °C, the composite slurry could be casted. The experimental double-roll casting mill developed by Yanshan University was used for cooling casting and rolling in this study. The cloth flow device designed by the laboratory was used to ensure the homogeneity of the composite slurry. The surface of the casting rolls was coated with a layer of fine graphite emulsion to prevent the melt from sticking to the rolls. The roll gap was set at 2 mm. When preparing SiC/Al composite strips with a plate thickness of 2 mm, the height of the molten pool was controlled at about 30 mm, and the roll speed ranged from 1.4 mm/min to 3.6 mm/min. Thermocouples were used to measure the temperature inside the composite slurry and to remove the oxidized slag on the surface. The preparation and measurement procedures are shown in Figure 1.




2.3. Measurement Methods


2.3.1. Quasi-Static Tensile Test


For the details of the quasi-static tensile test process, refer to the Chinese standard GB/T 228-2002 [39]. The prepared SiC/Al composite cast-rolled sheet and strip were cut by wire cutting to obtain I-beam tensile specimens which were used to determine the tensile strength. The shape and dimensions of the specimens are shown in Figure 2. The INSPEKT TABLE 100, electronic universal testing machine provided by Beijing Yizun Times Technology Co., Ltd., Beijing, China, was used for the tensile strength tests in this study, using a maximum test force of 100 kN, test speed of 0.01 mm/min~400 mm/min and resolution of less than 1 μm. A wire strain gauge was attached to the specimen at the axial position, and then the strain gauge was connected to the strain-measuring instrument and the tensile force value was applied to the specimen at a speed of 5 mm/min until the specimen fractured. The force and strain values were recorded synchronously in the tensile test process. The final displacement of the specimen was obtained by multiplying the length of the specimen by the strain value of the specimen. Then, the force–displacement curves of the SiC/Al composite cast strip were obtained.




2.3.2. Compressive Strength Test


The INSPEKT TABLE 100 electronic universal testing machine was used to measure the compressive strength in this study. A compressive force was applied to a Φ15 mm × 20 mm aluminum alloy cylinder at a speed of 2 mm/min until the specimen was damaged. The details of the compressive strength test process are described in the Chinese standard GB/T 7314-2017 [40]. The average of 6 specimens for each set of compressive strength experiments was used as the final result.




2.3.3. Pendulum Impact Test


The pendulum impact test was performed in accordance with the GB/T 229-2020 standard [41]. The equipment used in this study was a ZBC-2302-2 impact tester with a maximum impact energy of 300 J. The specimen was placed on the test bench and clamped using a fixture. Before the beginning of the experiment, the starting position of the pendulum, the impact angle and the starting impact energy were adjusted. Then, the pendulum was released to impact the specimen. At the same time, the toughness of the material was quickly assessed by reading the data from the instrument. Figure 3 shows the equipment used for the pendulum impact test.




2.3.4. Tensile Toughness Test


The tensile toughness test was conducted using a 1.6 mm thickness pre-cracked aluminum alloy sample according to the American standard ASTM E399, i.e., “Standard Test Method for Linear-Elastic Plane-Strain Fracture Toughness of Metallic Materials” [42]. A WAW-1000B servo-hydraulic testing machine was used to test the tensile toughness. The specimen was placed on the tensile fixture and connected to the double cantilever displacement gauge. A load was applied at a speed of 2 mm/min until the specimen fractured. The force–displacement curves were derived synchronously using the tensile transducer and the displacement gauge. The tensile toughness was obtained from the integral of the tensile force vs. displacement. The lower limit of the integral was at the beginning of loading, and the upper limit was at the point of maximum stress.




2.3.5. Dry–Wet Alternations of NaCl and Na2SO4


The aluminum alloy specimens were immersed in 3% NaCl or 3% Na2SO4 solutions for 4 d before performing the dry–wet alternation experiment. The three steps were carried out as follows. The specimens were dried in an HZ-2014C electric blast drying oven (manufactured by Dongguan Lixian Instrument Technology Co., Ltd., Dongguan, China) at 80 °C for 12 h. Then, they were cooled to 20 °C for 2 h, and then fully immersed in a 3% NaCl or 3% Na2SO4 solution for 10 h at ambient temperature. When the immersion in the NaCl or Na2SO4 solution was finished, the water on the surface of the specimens was wiped with a damp cloth. The duration of each dry–wet alternation cycle was 24 h.




2.3.6. The Mass Loss Rate


The mass loss rate of the aluminum alloy was measured using the following steps. First, the mass of the aluminum alloy was measured using an electronic balance with a mass range of 3000 g and measurement accuracy of 0.01 g. The aluminum alloy’s mass was measured after immersion in the 3% NaCl or 3% Na2SO4 for two days. After 10 NaCl or 10 Na2SO4 dry–wet alternations, the rust on the surface was sanded clean with sandpaper. Then, the mass of the specimens was determined after each 10 NaCl or 10 Na2SO4 dry–wet alternation. The aluminum alloy’s mass loss rate (MLR) was calculated using Equation (1).


  M L R =    m −  m 0     m 0      



(1)




where m0 and m are the mass before the dry–wet alternation and the mass after being exposed to 10 NaCl or 10 Na2SO4 dry–wet alternations. In this study, six specimens were selected for each test to ensure reproducibility.




2.3.7. Experiments to Measure Microscopic Properties


For the scanning electron microscopy and energy dispersive spectroscopy (SEM-EDS) experiments, a sample of a flat, rice-sized area was taken. A Nova Nano SEM with a resolution of 3.5 nm, an acceleration voltage of 500 V to 30,000 V, a magnification of 18 to 30,000 and a sample stage diameter of 30 mm, and a Brooke Quantum EDS spectrometer for micro-analysis were used to observe the microstructure and determine the elemental composition.






3. Results and Discussions


3.1. Mechanical Strengths


The yield tensile strength and the ultimate tensile strength results of the aluminum alloy are shown in Figure 4. As illustrated in Figure 4, the addition of silicon carbide produced a positive effect on the aluminum alloy’s yield tensile strength and ultimate tensile strength when the mass ratio of the silicon carbide was 0% to 8%. At this stage, the yield tensile strength and the ultimate tensile strength increased by rates of 0%~30.4% and 0%~14.1%, respectively. This was attributed to the fact that SiC, as an atomic crystal, has a higher strength than aluminum, thus improving the mechanical strength [43,44]. Moreover, SiC in an aluminum alloy can restrict the cracking of the aluminum alloy under stress, resulting in an increase in its mechanical strength [45,46]. Therefore, the addition of SiC at a mass ratio of 0%~8% increased the aluminum alloy’s tensile strength. However, when the SiC dosage was higher than 8%, the agglomeration of the SiC in the aluminum alloy led to a decrease in the strength of the aluminum alloy. Particle aggregation sites are prone to defects such as pores and looseness. Additionally, the particle aggregation area is highly susceptible to losing the load and the ability to withstand external loads [47,48]. Consequently, when the mass ratio of silicon carbide was 10%, the silicon carbide showed a negative effect on the yield tensile strength and the ultimate tensile strength. Moreover, as shown in Figure 4, the yield tensile strength and the ultimate tensile strength decreased by rates of 3.2% and 2.6%, respectively, compared with the yield tensile strength and the ultimate tensile strength of the aluminum alloy with 5% silicon carbide. Compared with the yield tensile strength and the ultimate tensile strength of the aluminum alloys with TiB2, Al2O3 and TiC, the yield tensile strength and ultimate tensile strength of the aluminum alloy with SiC were 11.3%~16.7% and 14.1%~16.2% higher [47,49]. Additionally, 30 NaCl dry–wet alternations reduced the yield tensile strength and the ultimate tensile strength by rates of 0%~7.3% and 0%~6.7%, respectively. Meanwhile, 30 Na2SO4 dry–wet alternations reduced the yield tensile strength and the ultimate tensile strength by rates of 0%~5.1% and 0%~5.4%, respectively. This can be explained by the fact that NaCl and Na2SO4 dry–wet alternations cause frequent contact between O2 and the aluminum metal. Meanwhile, the ionization speed and degree of electron loss in metals are accelerated [50]. Consequently, the NaCl and Na2SO4 dry–wet alternations corroded the aluminum metal, leading to a decrease in the tensile strength of the aluminum alloy. The increasing dosages of silicon carbide in the aluminum alloy decreased the reduction in yield tensile strength and the ultimate tensile strength by 30 NaCl dry–wet alternations and 30 Na2SO4 dry–wet alternations by 0%~2.8% and 0%~3.6%.



The compressive strength of the aluminum alloy is shown in Figure 5. As exhibited in Figure 5, the silicon carbide at a mass ratio of 2%~8% increased the aluminum alloy’s compressive strength by rates of 0%~13.1% due to the fact that silicon carbide has a higher mechanical strength than aluminum. Silicon carbide is also able to limit the cracking of aluminum alloys during loading [51,52]. Therefore, the aluminum alloy’s compressive strength increased with 2%~8% silicon carbide. When the mass ratio of silicon carbide increased from 8% to 10%, the aluminum alloy’s compressive strength decreased by a rate of 0%~0.43%. This can be explained by the weakness caused by the aggregation of silicon carbide, forming defects in the aluminum alloy [53,54]. Therefore, the mechanical strength and the corrosion of the aluminum alloy with silicon carbide at a mass ratio higher than 8% decreased. NaCl dry–wet alternations and Na2SO4 dry–wet alternations can decrease the compressive strength of aluminum alloys. The aluminum alloy’s compressive strength decreased by rates of 0%~2.01% and 0%~1.73% after 30 NaCl dry–wet alternations and Na2SO4 dry–wet alternations, respectively. This can be ascribed to the blocking effect of silicon carbide on electron ionization [55,56]. Therefore, the addition of silicon carbide can decrease the loss of compressive strength of aluminum alloys caused by NaCl and Na2SO4 dry–wet alternations. Compared with the compressive strength of aluminum alloys with TiB2, Al2O3 and TiC, the compressive strength of the aluminum alloy with SiC was 21.3%~36.1% higher [57].



The stress ratio and strain ratio displacement curves are shown in Figure 6. As can be observed in Figure 6, the stress ratio increased linearly with the increase in strain ratio due to the aluminum alloy’s plasticity [58]. Meanwhile, when the tensile strain ratio continued to increase, the curves increased non-linearly with the increasing tensile stress. Finally, the tensile stress ratio decreased with increasing displacement when the ratio reached 100%. The addition of silicon carbide increased the tensile stress ratio’s increasing rate with the increase in displacement. This is ascribed to the fact that the silicon carbide particles can prevent the movement of dislocations, causing pinning effects, and thus improving the deformation ability and toughness [6]. Meanwhile, the NaCl and Na2SO4 dry–wet alternations led to increases in the rate of increase of the tensile stress ratio with the displacement. This can be explained by the fact that NaCl and Na2SO4 dry–wet alternations can promote the electrochemical reaction of aluminum alloys, resulting in the formation of loose substances [59]. Therefore, the aluminum alloy’s resilience decreased, while the corresponding brittleness increased.




3.2. Toughness


The tensile toughness of the aluminum alloy is shown in Figure 7. As illustrated in Figure 7, the tensile toughness decreased by rates of 0%~21.1% when the silicon carbide mass ratio increased from 0% to 10%. This can be ascribed to the fact that the mismatch in thermal expansion coefficients between the silicon carbide particles and aluminum alloy matrix results in a low interfacial bonding strength. When an external force is applied to the composite material, the harder silicon carbide particles become the sites of stress concentration, causing cracks to form and propagate around the particles, thereby reducing the material’s tensile toughness [60]. Additionally, the NaCl and Na2SO4 dry–wet alternations reduced the aluminum alloy’s tensile toughness. After the 30 NaCl dry–wet alternations and 30 Na2SO4 dry–wet alternations, the tensile toughness of the aluminum alloy decreased by rates of 0%~13.9% and 0%~11.8%. This can be explained by the fact that the thermal expansion coefficient of silicon carbide particles cannot match that of the aluminum alloy matrix, resulting in a low interfacial bonding strength. When an external force is applied to the composite material, the stress concentrates in the harder silicon carbide particles, causing cracks to form and propagate around the particles [61]. Consequently, the tensile toughness of the material decreases. Meanwhile, the addition of silicon carbide decreased the reduction in the aluminum alloy’s tensile toughness by 0%~12.7% and 0%~11.4% after 30 NaCl dry–wet alternations and 30 Na2SO4 dry–wet alternations. This can be attributed to the fact that the addition of silicon carbide can enhance the interfacial bonding strength. Moreover, the addition of silicon carbide hinders the migration of electrons in aluminum alloys, leading to an improvement in corrosion resistance [62]. Therefore, the addition of silicon carbide can decrease the reduction in the aluminum alloy’s tensile toughness.



Figure 8 shows the impact toughness of the aluminum alloy. As can be observed from Figure 8, the impact toughness of the aluminum alloy decreased by rates of 0%~26.6% when the mass ratio of silicon carbide increased from 0% to 10%. This can be explained by the fact that the thermal expansion coefficient of silicon carbide particles does not match that of the aluminum alloy matrix, resulting in a low interfacial bonding strength. When an external force is applied to the composite material, the harder silicon carbide particles become the site of stress concentration, causing cracks to form and propagate around the particles, thereby reducing the tensile toughness of the material [63]. The NaCl dry–wet alternations and Na2SO4 dry–wet alternations had a reducing effect on the aluminum alloy’s impact toughness, with decreasing rates of 0%~15.3% and 0%~12.8%, respectively. The addition of SiC particles can enhance the interfacial bonding between SiC and the aluminum alloy, slowing down the tensile toughness degradation caused by the NaCl and Na2SO4 dry–wet alternations [64]. Adding silicon carbide reduced the decrease in the aluminum alloy’s impact toughness by the NaCl dry–wet alternations and Na2SO4 dry–wet alternations by 0%~11.2% and 0%~9.7%, respectively. The decreasing rate of the impact toughness was higher after the 30 NaCl dry–wet alternations than after the 30 Na2SO4 dry–wet alternations. Compared with the tensile toughness and the impact toughness of the aluminum alloys with TiB2, Al2O3 and TiC, the tensile toughness and the impact toughness of the aluminum alloy with SiC were 17.1%~21.8% and 15.3%~18.9% higher [65].




3.3. Mass Loss Rates


The mass loss rates of the aluminum alloy with different dosages of silicon carbide are shown in Figure 9. As depicted in Figure 9, the mass loss rates increased with the number of NaCl and Na2SO4 dry–wet alternations. When the number of NaCl and Na2SO4 dry–wet alternations increased from 0 to 30, the mass loss rates increased from 0% to 1.32% and 1.26%, respectively. This can be explained by the fact that the corrosion of aluminum by sodium sulfate and sodium chloride is an electrochemical corrosion process that involves redox reactions between the aluminum and water. After the NaCl or Na2SO4 dry–wet alternations, aluminum oxide formed on the aluminum alloy. Therefore, the mass was decreased by the dry–wet alternations with the NaCl and Na2SO4 solutions [66]. Hence, the aluminum alloy’s mass decreased with the number of NaCl and Na2SO4 dry–wet alternations. Adding silicon carbide decreased the mass loss caused by the 30 NaCl or 30 Na2SO4 dry–wet alternations by rates of 0%~37.1% and 0%~37.3%, respectively. Silicon carbide can block the migration of electrons during NaCl and Na2SO4 dry–wet alternations. Therefore, the silicon carbide led to a decrease in the mass loss rates of the aluminum alloy. When the mass ratio of silicon carbide was 8%, the mass loss rate was the lowest.




3.4. Scanning Electron Microscope Photos


Figure 10 shows the scanning electron microscope (SEM) photos of the aluminum alloy with silicon carbide at mass ratios of 2%, 8% and 10%. Figure 10 illustrates the SiC particles, cracks and compact parts. When the added dosages of SiC increased from 2% to 8%, the number of cracks in the specimens decreased. However, when the mass ratio of SiC increased from 8% to 10%, the SiC increased the number of cracks in the specimens.



The SEM-EDS photos of the aluminum alloy with silicon carbide at mass ratios of 2%, 8% and 10% are shown in Figure 11. As shown in Figure 11, the elements C, O, Mg, Al and Si were found. The amounts of the elements Si and C were increased by adding silicon carbide. The elements C and Si were provided by the added nano-silicon carbide powder while O may have come from the oxide generated by the reaction of aluminum alloy with oxygen in the air. The element Mg may be a trace element in the aluminum alloy.





4. Conclusions


In this study, the influence of silicon carbide on an aluminum alloy’s mechanical properties was studied. The specimens were exposed to the NaCl and Na2SO4 dry–wet alternations. The conclusions can be summarized as follows.



The yield tensile strength, the ultimate tensile strength and the compressive strength increased by rates of 0%~30.4%, 0%~14.1% and 0%~13.1% when 0%~8% silicon carbide (by mass) of the aluminum alloy’s total mass was added. The added silicon carbide at rates of 8%~10% decreased the mechanical strengths by rates of 0%~3.2%, 0%~2.6% and 0%~0.43%. However, the silicon carbide decreased the tensile toughness and the impact toughness by rates of 0%~15.3% and 0%~12.8%, respectively.



The yield tensile strength, the ultimate tensile strength, the compressive strength, the tensile toughness and the impact toughness decreased by rates of 0%~7.3%, 0%~6.7%, 0%~13.9%, 0%~12.7% and 0%~11.2% after 30 NaCl dry–wet alternations, while after 30 Na2SO4 dry–wet alternations, the corresponding decreasing rates were 0%~5.1%, 0%~5.4%, 0%~1.73%, 0%~11.4% and 0%~9.7%. The addition of silicon carbide decreased the reduction in mechanical strength by the NaCl and Na2SO4 dry–wet alternations.



The mass loss rates of the aluminum alloy decreased by 0% to 1.32% and 0% to 1.26% after 30 NaCl dry–wet alternations and 30 Na2SO4 dry–wet alternations. The aluminum alloy with 8% silicon carbide showed the highest compactness.
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Figure 1. The preparation procedure. 
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Figure 2. The dimensions of the specimens. 
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Figure 3. The equipment used for the pendulum impact test. 
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Figure 4. The aluminum alloy’s yield and ultimate tensile strengths. (a) The yield tensile strength. (b) Decreasing rate of yield tensile strength. (c) The ultimate tensile strength. (d) Decreasing rate of yield ultimate strength. 
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Figure 5. The aluminum alloy’s compressive strength. (a) The compressive strength. (b) Decreasing rate of compressive strength. 
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Figure 6. The aluminum alloy’s compressive strength (a) before dry–wet alternations; (b) after NaCl dry–wet alternations; (c) after Na2SO4 dry–wet alternations. 
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Figure 7. The aluminum alloy’s tensile toughness. (a) The tensile toughness. (b) Decreasing rate of tensile toughness. 
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Figure 8. The aluminum alloy’s impact toughness. (a) The impact toughness. (b) Decreasing rate of impact toughness. 
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Figure 9. The aluminum alloy’s mass loss rate vs. the mass ratio of SiC after 30 dry–wet alternations with NaCl or Na2SO4 solution. 
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Figure 10. The SEM photos of the aluminum alloy with silicon carbide. (a) Specimen with 2% silicon carbide. (b) Specimen with 8% silicon carbide. (c) Specimen with 10% silicon carbide. 
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Figure 11. The SEM-EDS photos of the aluminum alloy with silicon carbide. (a) Specimen with 2% silicon carbide. (b) Specimen with 8% silicon carbide. (c) Specimen with 10% silicon carbide. 
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Table 1. Composition (by mass fraction) of 6061 aluminum alloy (%).






Table 1. Composition (by mass fraction) of 6061 aluminum alloy (%).





	Element
	Si
	Fe
	Cu
	Mn
	Mg
	Cr
	Zn
	Ti
	Al





	Mass percentage
	0.758
	0.569
	0.170
	0.018
	0.805
	0.047
	0.031
	0.015
	97.587










 





Table 2. Mass fractions of the aluminum alloy (%).
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	Group
	Silicon Carbide
	6061 Aluminum Alloy





	C1
	0%
	100%



	C2
	2%
	98%



	C3
	4%
	96%



	C4
	6%
	94%



	C5
	8%
	92%



	C6
	10%
	90%
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