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Abstract

:

Two kinds of Ti-alloys, i.e., Al–5Ti and Al–10Ti alloys, were manufactured in this study, and their ultrasonic cavitation erosion behaviors in 3.5 wt.% NaCl solution were evaluated by the cumulative mass loss, scanning electronic micrograph, and three-dimensional morphology. The results show that mass loss and surface damage of the Al, Al–5Ti, and Al–10Ti alloys obviously increased with the increasing cavitation erosion time. Compared with the pure Al, the cavitation resistance of the Al–5Ti and Al–10Ti alloys was improved because of the presence of the TiAl3 phase. In addition, the synergistic effect between cavitation and corrosion of the Al–Ti alloy in 3.5 wt.% NaCl solution was studied according to the polarization curve of the moving electrode. The mass loss caused by the synergistic effect between cavitation erosion and corrosion accounted for a large percentage, 23.59%, indicating that corrosion has a critical impact on the cavitation erosion of the Al–Ti alloys. Compared with corrosion promoted by cavitation erosion, the cavitation erosion promoted by corrosion had a larger promoting effect.
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1. Introduction


Cavitation erosion refers to surface damage caused by cavitation in a hydrodynamic environment, which is a common damage form of flow handling propellers, such as turbines, propellers, hydraulic machines, and other flow parts [1,2,3,4,5]. Cavitation erosion has attracted extensive attention from researchers because of the corresponding huge economic losses and potential safety hazards [6]. The ultrasonic cavitation process contains many disciplines, such as material science, thermodynamics, mechanics, and acoustics, and there is no effective technology that can completely solve the cavitation erosion problem [7]. Cavitation bubbles grow and burst under the alternating action of positive and negative pressures, forming high-speed microjets and strong shock waves [8]. Microjets and shock waves repeatedly impact the material surface, resulting in pits, plastic deformation, and cracks on the material surface, which eventually leads to the spalling of the material surface [9]. In the initial stage of ultrasonic cavitation erosion, the erosion is insignificant and the mass loss of materials can be ignored, which is known as the incubation period [10]. Subsequently, the exposed material is subjected to the repeated action of cavitation bubbles, resulting in the accumulation of deformation until their micro-destruction occurs, causing material loss [11].



Generally, the surface properties of alloys have a great influence on the cavitation resistance. In order to improve the cavitation erosion resistance of alloys, a series of surface engineering processes are used to improve their surface properties, such as plasma enhanced magnetron sputtering, high temperature gas nitriding, and laser surface modification [12,13,14]. Santos [15] reported that high temperature gas nitriding can improve the cavitation erosion resistance of an AlSi 304L austenitic stainless steel. In addition, Chiu [16] adopted the laser surface-modified with NiTi for improving the cavitation erosion resistance of AlSi 316L stainless steel. Szala et. al. [17] successfully prepared Al/Al2O3 and Cu/Al2O3 composites by the low-pressure cold spray (LPCS) technique, and found that surface morphology plays an essential role in cavitation erosion resistance. Man et al. [18] studied the cavitation corrosion behavior of laser surface alloying of Si3N4 on AA6061, and found that the cavitation corrosion resistance of 100% Si3N4 alloys was three times higher than that of AA6061 alloys.



With the increased applications of aluminum alloys in the shipping industry, the cavitation resistance of aluminum alloys has also been studied [7]. Generally, when sailing in seawater, ships will suffer from cavitation erosion and seawater erosion [19]. Moreover, the Cl ions in seawater destroy the passive state film on the surface of aluminum alloys [20]. When cavitation erosion occurs, shock waves and microjets generated by bubble collapse impact the surface of the material in the form of stress pulses and destroy the passivation film on the surface of the material, which can accelerate the process of electrochemical corrosion. Aluminum alloy, as a common material for hull structures, pressure vessels, and hydrofoils, also faces the problem of electrochemical corrosion and cavitation erosion [21]. Over the past years, several researchers have mainly studied the cavitation erosion resistance of titanium alloys, cobalt alloys, and bronze materials to solve the cavitation erosion problem [6,22]. In particular, titanium alloys and stainless steel have been widely studied for cavitation erosion resistance, often in corrosive environments [23,24,25,26]. Research on the cavitation corrosion resistance of aluminum alloys mostly focuses on electrochemical corrosion behavior in different corrosive media, but the influence factors of cavitation corrosion on corrosion are not considered. The effect of the interaction between cavitation erosion and electrochemical corrosion on the cavitation corrosion resistance of aluminum alloys is rarely studied.



Aluminum–titanium alloy is a common material with good mechanical properties and corrosion resistance. The study on the cavitation–electrochemical corrosion behavior of Al–Ti alloys in 3.5 wt.% NaCl solution has a certain reference value for its application in a NaCl corrosion environment. In this paper, the surface morphologies of Al–Ti alloys after different cavitation erosion times were observed by scanning electron microscopy, and the effects of erosion time on the change of surface characteristics were systematically analyzed. Furthermore, the electrochemical parameters of the Al–Ti alloy in 3.5 wt.% NaCl solution were detected by potentiodynamic polarization curves. Combined with the mass loss and roughness in each cavitation stage of the sample, the cavitation erosion and electrochemical corrosion behavior of the Al–Ti alloys in 3.5 wt.% NaCl solution were also analyzed, which provides a better understanding for the damage mechanism of cavitation erosion.




2. Materials and Methods


2.1. Materials


The commercial pure Al, Al–5Ti, and Al–10Ti alloys were used as the cavitation materials. High purity Al–5Ti and Al–10Ti alloys were prepared by direct reaction of pure Al and pure titanium powders, and the ultrasonic coupling device was used as shown in Figure 1. The specific preparation process was described in the previous literature [27]. The chemical composition of each material was measured by an optical emission spectrometer is shown in Table 1. Subsequently, the experimental samples (φ10 × 8 mm) were cut from the obtained ingot with a wire cutting machine. Before the experiment, the surface of the sample was polished smooth with diamond grinding paste, and the sample was polished to an average roughness (Ra) of 0.2 mm [28]. The samples were ultrasonically cleaned in a beaker of absolute ethanol, and the cleaning time for each sample was 10 min.




2.2. Cavitation Erosion Methods


The ultrasonic cavitation erosion tests were conducted using an ultrasonic vibratory device according to ASTM Standard G32-10, and the device was shown in Figure 2. The ultrasonic vibratory frequency was 20 kHz, the peak-to-peak amplitude was 60 μm, and the distance between the samples surface and ultrasonic probe was 0.5 mm. The medium used in the ultrasonic cavitation experiment was 3.5 wt.% NaCl solution, and the distance between the liquid level and the top of the water tank was 8 ± 2 mm. The sample was fixed at the reserved position of the support rod, and the position of the support rod and the jacking system was adjusted to align the sample with the ultrasonic vibration head. Then, the temperature controller was adjusted to keep the temperature of the liquid medium at 25 ± 2 °C. After the temperature of the solution medium reached the preset value, the ultrasonic transmitter was turned on to perform the ultrasonic cavitation erosion experiment. The mass loss of samples with cavitation erosion time increasing from 5 min to 200 min was measured by an electronic balance with a sensitivity of 0.01 mg. Three parallel samples were used for the cavitation erosion experiment of each material, and the test average values of the three samples were selected as the final experimental results during data collection.



The electrochemical test system consisted of a CS310H electrochemical workstation, a computer, and a three-electrode test system. The potentiodynamic curves were tested under the conditions of cavitation and non-cavitation, and the AC impedance before and after cavitation erosion was tested. During the potentiodynamic curve test, the scanning range of the relative corrosion potential was −0.8 V to 0.8 V, and the scanning speed was 2 mV/S. The surface microhardness of the samples after cavitation erosion were measured by an MH-5L digital display Vickers hardness tester with a 50 g load for 10 s. Five measurement points were randomly selected for each sample, and finally the average of the five microhardness values was used.





3. Results and Discussion


3.1. Mass Loss


Figure 3a shows the curves of the cumulative mass loss of the Al, Al–5Ti, and Al–10Ti alloy samples with cavitation time in 3.5 wt.% NaCl solution. It is obvious that the cumulative mass loss of the three materials in the 3.5 wt.% NaCl solution was increased with the increase of cavitation time. In the early stage of cavitation, there was a period of cavitation incubation with extremely small mass changes. The incubation time of the Al, Al–5Ti, and Al–10Ti alloys was about 10 min, 20 min, and 30 min, respectively. During the progress of ultrasonic cavitation, the cumulative mass loss of the three materials increased rapidly, and the increase rate slowed down after a period of time. After cavitation erosion for 30 min, the cumulative mass loss of the Al, Al–5Ti, and Al–10Ti alloys was 19.84 mg, 15.09 mg, and 9.85 mg, respectively. Figure 3b displays the curves of the cumulative mass loss rate of the Al, Al–5Ti, and Al–10Ti alloys. When the cumulative mass loss rate of the Al–5Ti and Al–10Ti alloys was maintained at a very low constant value, the cavitation time was 10 min and 20 min, respectively. However, the cavitation erosion experiment of the Al sample almost had no such process, but quickly entered the rising period of cavitation erosion. After cavitation erosion for 50 min, the cumulative mass loss rate of the Al sample reached the maximum and maintained stability for a period of time. The Al–5Ti and Al–10Ti alloys entered the rising period of the cavitation erosion relatively late. The cumulative mass loss rates reached the maximum and remained stable at about 100 min and 70 min, respectively, and then decreased slightly. After cavitation erosion for 300 min, the ultrasonic cavitation erosion damage of the Al sample in 3.5 wt.% NaCl solution was more serious than that of the Al–10Ti sample.



Table 1 shows the weight loss, incubation period, and cavitation erosion resistance of the Al, Al–5Ti, and Al–10Ti alloys in 3.5 wt.% NaCl solution. The cavitation resistance coefficients (Re) of the Al, Al–5Ti, and Al–10Ti alloys in 3.5 wt.%NaCl solution were 0.53 h/μm, 0.73 h/μm, and 1.12 h/μm, respectively. The results shows that the Al–10Ti sample had the best cavitation corrosion resistance, and the Al sample had the worst cavitation corrosion resistance.




3.2. Cavitation Erosion Morphology


Figure 4 shows the metallurgical structure images of the Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for 60 min in 3.5 wt.% NaCl solution. Obviously, the surface erosion of the Al sample was relatively serious, and many cavitation pits appeared on the whole sample surface. The difference among them is that there were uneroded areas on the surface of the Al–5Ti and Al–10Ti samples, and the surface erosion of the Al–5Ti samples was more serious.



Figure 5 shows the surface morphologies of the Al, Al–5Ti, and Al–10Ti alloy samples after cavitation erosion for 10 min and 30 min in 3.5 wt.% NaCl solution. Obviously, the cavitation erosion occurred on the surface of the three materials after cavitation erosion for 10 min. This is because the high-frequency oscillations in the ultrasonic cavitation experiment produced positive and negative sound pressures, resulting in the growth, contraction, and even collapse of cavitation nuclei in the solution. The energy impact generated when the cavitation bubble collapsed made the surface of the sample uneven. Cavitation pits can be observed on the surface of the Al sample after cavitation erosion for 30 min, and the sample surface became very coarse, implying the heavy damage of the Al sample (Figure 5b). Compared with cavitation erosion for 10 min, the TiAl3 phase was obviously exposed on the surface of the Al–5Ti and Al–10Ti samples, indicating that cavitation erosion aggravated the peeling of the material surface, as shown in Figure 5d,f. Moreover, the surface damage degree of the Al–5Ti and Al–10Ti samples was less than that of the Al samples with the same cavitation time; the main reason for this phenomenon may be the existence of TiAl3 and its improvement of the cavitation resistance, as similar reports are mentioned in the literature [27].



Figure 6a,c,e shows the SEM results of the Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for 120 min, and Figure 6b,d,f shows the SEM results of the Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for 300 min. Compared with cavitation erosion for 30 min, the surface roughness of the three materials increased after cavitation erosion for 120 min, and the cavitation damage was more serious. Cavitation pits were formed under the repeated action of high-speed microjets and shock waves, and the material surface was gradually damaged and slowly peeled off. The diameter of the cavitation pit was about 20 μm, and some cavitation pits reached 50 μm. Compared with the Al samples, the surface damage of the Al–5Ti and Al–10Ti samples was smaller due to the presence of TiAl3, which prevented the development of cavitation pits and cracks. This is a confirmation that intermetallic particles improve the cavitation resistance of materials, as Tocci [29] reported in previous studies. After cavitation erosion for 300 min, the cavitation pits on the surface of the material gathered and developed into an irregular cavitation pit group. The maximum diameter of the cavitation pit group exceeded 100 μm. The TiAl3 on the surface of the Al–5Ti and Al–10Ti samples fell off, exposing the TiAl3 phase in the matrix, as shown in Figure 6f.



To further analyze the surface damage, the three-dimensional morphologies of the Al, Al–5Ti, and Al–10Ti samples after different cavitation erosion times are shown in Figure 7. It should be noted that the Z-axis scale of the three-dimensional morphology is enlarged by 2.3 times. After cavitation erosion for 10 min, the surface of the three materials remained basically intact (only local unevenness and small pits appeared), which was attributed to the cavitation erosion resistance of the material being weaker than the high intensity energy caused by a single near-wall cavitation bubble collapse, as shown in Figure 7a–c. However, the surface fluctuation of the pure Al was more obvious, as the number of pits was significantly larger than that of the Al–5Ti and Al–10Ti alloys, implying the cavitation damage was more serious. Figure 7d–f shows the three-dimensional morphologies of the Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for 30 min in 3.5 wt.% NaCl solution. Obviously, the original part of the material surface was partially damaged, with some orange bulges and dark blue low-lying areas. After cavitation erosion for 120 min, cavitation pits with larger surface areas were formed in these areas under the repeated impact of ultrasonic cavitation bubbles and microjet action, as shown in Figure 7g–i. In addition, the surface roughness of the three materials was significantly increased, and the enlarged cavitation pits were gathered to form a honeycomb feature. After cavitation erosion for 300 min, the damage of the material surface became very serious, and the size and depth of cavitation pits were further expanded under the continuous collapse of a large number of cavitation bubbles, as shown in Figure 7j–l.



Figure 8a shows the mean depth of erosion of the Al, Al–5Ti, and Al–10Ti alloy samples after cavitation erosion for different times, and Figure 8b shows the maximum surface damage depth of the samples. Obviously, the variation trend of the mean depth of erosion and the maximum surface damage depth of the three materials was consistent, and all of them increased with the increase of cavitation erosion time. In each cavitation cycle, the Al sample had the largest cavitation depth, and the Al–10Ti sample had the smallest cavitation depth. After cavitation erosion for 30 min, the Al–5Ti and Al–10Ti samples were still in the incubation period. After cavitation erosion for 60 min, the growth rate of the mean depth of erosion and the maximum surface damage depth of the sample suddenly increased. This is because the three materials entered the cavitation steady stage, and localized erosion caused the surface damage depth to increase. It has been reported that the localized erosion occurs by the concentration of the core of cavitation in deep pits [30]. After cavitation erosion for 300 min, the maximum surface damage depth of the Al, Al–5Ti, and Al–10Ti samples reached the maximum value, which indicates that the Al–10Ti samples had the best cavitation resistance. The cavitation erosion depth of the sample after cavitation erosion for different times is consistent with that reported in previous research [27].



Figure 9 shows the average surface roughness of the Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for different times in 3.5 wt.%NaCl solution. The surface roughness of materials could directly reflect the damage degree caused by cavitation erosion. The change trend of the surface roughness was similar to that of the erosion depth, and the roughness of the three materials increased with the cavitation erosion time. The results of the surface roughness indicate that the Al sample had serious surface damage and the worst cavitation resistance among the three alloys.



The microhardness of samples after different cavitation erosion time in 3.5 wt.% NaCl solution are shown in Figure 10. Clearly, in the early stage of the cavitation test, the surface microhardness of Al–5Ti and Al–10Ti was larger than that of Al. After cavitation erosion for 25 min, the surface microhardness of the samples increased, indicating the work hardening layer appeared on the surface of the samples [22]. With the increase of cavitation erosion time, the surface microhardness of the sample began to decrease, indicating that the material surface began to soften. The work hardening ability of the material has a certain influence on the cavitation resistance of the material. The shock wave generated by the collapse of the cavitation bubble acts on the surface of the material in the cavitation erosion process, which will inevitably cause severe deformation of the material surface. In turn, the extrusion of adjacent grain boundaries hinders the continuation of the deformation, and the work hardening occurs on the surface. With the progress of cavitation erosion, the hardening layer moves to the inner part of the material, and the initiation and expansion of cracks on the surface of the material makes the surface hardness no longer rise but begin to decline, resulting in the softening phenomenon appearing on the surface of the material.



Figure 11 shows the potentiodynamic curves of the Al–5Ti alloy under quiescent and cavitation erosion conditions in 3.5 wt.%NaCl solution, and the corresponding electrochemical corrosion parameters are shown in Table 2. It can be clearly seen from Figure 11 that the shape of the potentiodynamic curves is similar under quiescent and cavitation erosion conditions, and samples are in the passive state within the anode region. Both the corrosion processes under cavitation erosion and quiescent conditions are controlled by the anode reaction, and cavitation erosion dramatically accelerates the anode reaction. As shown in Table 2, the corrosion potential of the Al–5Ti sample in quiescent and cavitation erosion conditions was −1.1495 V and −1.1626 V, respectively, indicating that the corrosion potential under the cavitation condition was slightly negative compared to that of the quiescent condition. However, the corrosion current density (icorr) under the cavitation erosion condition was larger than that of the quiescent condition, 1.6947 × 10−6 mA and 9.0027 × 10−7 mA, respectively. The increased icorr under the cavitation condition should be ascribed to the formation and collapse of cavitation bubbles, which can accelerate the diffusion of oxygen, and this is consistent with the cavitation erosion phenomenon of Ni–Al bronze in seawater reported by L.M. Zhang [22]. In addition, the high temperature and high pressure owing to the collapse of bubbles can also be an important reason for the accelerated corrosion [31]. When the corrosion potential was about −0.3 V, the anode curve under quiescent condition began to activate the passive state, and the icorr oscillation decreased. However, the icorr did not show such a phenomenon under the cavitation erosion condition, and the icorr increased slowly with the potential. This indicates that the oxide film on the surface of Al–5Ti alloys was damaged by the impact of cavitation bubbles under the cavitation erosion condition, and the passive state of the material changed with the progress of cavitation. In conclusion, the electrochemical corrosion of the Al alloys was more serious, and the corrosion process was accelerated under the action of ultrasonic cavitation erosion.



According to the results of potentiodynamic polarization and mass loss, each mass loss (per unit area) of ME, MC, ΔME, and ΔMC can be calculated out, as shown in Table 3. For the Al–5Ti sample, the total mass loss (MT) was 7.90 times and 1.57 times that of pure corrosion mass loss (MC) and pure cavitation erosion mass loss (ME), respectively, indicating that the synergistic effect between cavitation erosion and corrosion plays an important role in the cavitation erosion process [22]. Although the effect of pure corrosion was small (12.66%), the cavitation erosion promoted by corrosion effect was significantly enhanced (18.49%), which can be attributed to the roughened material surface and the accelerated cavitation erosion crack propagation caused by corrosion. The other main reason is that cavitation bubbles tend to concentrate on the concave and convex surface of the material, caused by corrosion, which accelerates the generation and propagation of cracks [32,33]. Compared with the cavitation erosion promoted by corrosion (ΔMCE), the mass loss caused by corrosion promoted by cavitation erosion (ΔMEC) was only 5.10%. In addition, the mass loss caused by the pure cavitation erosion accounted for the largest percentage (63.75%), and the material destruction process was mainly dominated by the mechanical action of cavitation erosion. Simultaneously, the mass loss caused by the synergistic effect between cavitation erosion and corrosion accounted for a large percentage, 23.59%, which also had a critical impact on the cavitation erosion of the Al alloys. The parameters variation of the Al–10Ti sample was similar to that of the Al–5Ti sample, indicating that the interaction mechanism of cavitation–corrosion is consistent. However, in terms of the MT, the MT of the Al–5Ti sample was 1.53 times that of the Al–10Ti sample, indicating the Al–10Ti sample has better cavitation corrosion resistance. In the cavitation–corrosion interactive experiment of the Al sample, the percentage of ME reached 86.19%, and the mass loss caused by the synergistic effect between cavitation erosion and corrosion accounted for only 4.64%. This may be attributed to the low hardness of the Al sample, which is susceptible to the impact of cavitation bubbles, resulting in the dominant role of cavitation damage.





4. Conclusions


(1) During the ultrasonic cavitation erosion experiment of the Al, Al–5Ti, and Al–10Ti samples in 3.5 wt.% NaCl solution, the cumulative mass loss of the Al, Al–5Ti, and Al–10Ti samples were 19.84 mg, 15.09 mg, and 9.85 mg, respectively.



(2) In the same ultrasonic cavitation period, the surface damage degree obeyed the following order: Al > Al–5Ti > Al–10Ti. The main reason for the excellent cavitation resistance of the Al–10Ti samples was that the existence of the TiAl3 phase prevents the expansion of cavitation pits and cracks.



(3) The mass loss caused by the pure cavitation erosion in 3.5 wt.% NaCl solution accounted for the largest percentage, and the material destruction process was mainly dominated by the mechanical action of cavitation erosion. In addition, the mass loss caused by the synergistic effect between cavitation erosion and corrosion accounted for a large percentage, which indicated its critical impact on the cavitation erosion of Al–Ti alloys. Compared with corrosion promoted by cavitation erosion, the cavitation erosion promoted by corrosion has a larger promoting effect.
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Figure 1. Schematic diagram of device for preparing high-purity Al–Ti alloys by direct reaction of Ti powder and Al melt. 1—Bottom liquid outlet, 2—heating pipe, 3—temperature controller, 4—melt, 5—upper liquid outlet, 6—observation hole, 7—thermocouple, 8—cooling water jacket, 9—transducer, 10—feed inlet, 11—furnace cover, 12—furnace body, 13—horn, 14—ultrasonic transmitter, 15—Ti powder, 16—vertical partition plate, 17—ceramic crucible, A—composition homogenization zone, B—alloying reaction zone. 
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Figure 2. Schematic of the ultrasonic cavitation erosion device. 
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Figure 3. The cumulative mass loss curves (a) and the cumulative mass loss rate curves (b) in 3.5 wt.% NaCl solution. 
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Figure 4. Metallurgical structure images of Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for 60 min in 3.5 wt.% NaCl solution; (a) Al; (b) Al-5Ti; (c) Al-10Ti. 
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Figure 5. Surface morphologies of Al, Al–5Ti, and Al–10Ti alloys after cavitation erosion for 10 min and 30 min in 3.5 wt.% NaCl solution; (a,c,e) are the morphologies of Al, Al–5Ti, and Al–10Ti alloys after cavitation erosion for 10 min, respectively; (b,d,f) are the morphologies of Al, Al–5Ti, and Al–10Ti alloys after cavitation erosion for 30 min, respectively. 
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Figure 6. Surface morphology of Al, Al–5Ti, and Al–10Ti alloys after cavitation erosion for 120 min and 300 min; (a,c,e) are the morphologies of Al, Al–5Ti, and Al–10Ti alloys after cavitation erosion for 120 min, respectively; (b,d,f) are the morphologies of Al, Al–5Ti, and Al–10Ti alloys after cavitation erosion for 300 min, respectively. 
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Figure 7. Three-dimensional surface morphology of Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for different times: (a–c) 10 min; (d–f) 30 min; (g–i) 120 min; and (j–l) 300 min. 
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Figure 8. The cavitation erosion depth of Al, Al–5Ti, and Al–10Ti alloy samples after cavitation erosion for different times: (a) mean depth of erosion and (b) maximum surface damage depth. 
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Figure 9. Average surface roughness of Al, Al–5Ti, and Al–10Ti samples after cavitation erosion for different times in 3.5 wt.% NaCl solution. 
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Figure 10. The microhardness of samples after different cavitation erosion time in 3.5 wt.% NaCl solution. 
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Figure 11. Potentiodynamic polarization curves of Al–5Ti alloy under quiescence and cavitation condition in 3.5 wt. % NaCl solution. 
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Table 1. Weight loss, incubation period, and cavitation erosion resistance of Al, Al–5Ti, and Al–10Ti alloys in 3.5 wt.% NaCl solution.






Table 1. Weight loss, incubation period, and cavitation erosion resistance of Al, Al–5Ti, and Al–10Ti alloys in 3.5 wt.% NaCl solution.





	Parameters
	Al
	Al–5Ti
	Al–10Ti





	Cumulative mass loss (mg)
	19.84
	15.09
	9.85



	Incubation period (min)
	10
	20
	50



	Re (h/μm)
	0.53
	0.73
	1.12
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Table 2. Electrochemical parameters of polarization behavior of Al–5Ti alloy in 3.5 wt.% NaCl.
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	Condition
	Ecorr (V vs. SCE)
	Icorr (mA·cm−2)
	ba (mV/dec)
	bc (mV/dec)





	Quiescent
	−1.008
	9.0027 × 10−7
	224.37
	−154.86



	Cavitation erosion
	−1.015
	1.6947 × 10−6
	196.77
	−164.96










[image: Table] 





Table 3. Mass loss of Al, Al–5Ti, and Al–10Ti sample caused by pure cavitation erosion (ME), pure corrosion (MC), corrosion promoted by cavitation erosion (ΔMEC), cavitation erosion promoted by corrosion (ΔMCE), and the total mass loss (MT) after 300 min in 3.5 wt.% NaCl solution.






Table 3. Mass loss of Al, Al–5Ti, and Al–10Ti sample caused by pure cavitation erosion (ME), pure corrosion (MC), corrosion promoted by cavitation erosion (ΔMEC), cavitation erosion promoted by corrosion (ΔMCE), and the total mass loss (MT) after 300 min in 3.5 wt.% NaCl solution.





	Parameters
	MT
	ME
	MC
	ΔMEC
	ΔMCE





	Al, Mass loss (mg)
	19.84
	17.10
	1.82
	0.29
	0.63



	Al, Percentage (%)
	100
	86.19
	9.17
	1.46
	3.18



	Al–5Ti, Mass loss (mg)
	15.09
	9.62
	1.91
	0.77
	2.79



	Al–5Ti, Percentage (%)
	100
	63.75
	12.66
	5.10
	18.49



	Al–10Ti, Mass loss (mg)
	9.85
	6.29
	1.14
	0.56
	1.86



	Al–10Ti, Percentage (%)
	100
	63.86
	11.57
	5.69
	18.88
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