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CAVITATIONAL EROSION RESISTANCE 

CONSIDERATIONS FOR ALLOY 6082 STATE T651 

Ilare BORDEASU1,2, Brandusa GHIBAN3, Vasile NAGY4, Vlad PARAIANU5, 

Cristian GHERA6, Dionisie ISTRATE7, Alin Mihai DEMIAN8, Petrisor - Ovidiu 

ODAGIU9 

The study presents the results of experimental research on the behaviour and 

resistance to vibratory cavitation erosion of the structure of aluminum alloy 6082 

state 651. The analysis performed on macro and microscopic images shows the 

degradation mode of the microstructure, and the comparison with alloy 5083 state 

H111, using the specific parameters of cavitational erosion resistance recommended 

by ASTM G32-2016 standards, suggests an insignificant difference. Discussions of 

the plots containing experimental values of the cumulative eroded mass created by 

cavitational erosion and the related velocities using averaging curves show a 

behaviour strongly dependent on the nature of the blank, structural homogeneity, 

mass of intermetallic compounds and mechanical property values.  

Keywords: aluminum alloy, cavitational erosion, microstructure, mechanical 

properties, caverns, erosion rate, lost mass 

 

1. Introduction 

 

 The use of aluminum alloys in industrial fields is one of the widest 

applications, due to their low specific mass and mechanical properties values that 
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give resistance to various mechanical and hydrodynamic stresses. For these reasons, 

they are extensively used in the strength and aerodynamic structure of aircraft, 

motor vehicles and pleasure craft [1]. As a result of the qualities conferred by the 

mechanical properties, some of which are comparable in value to steels [2, 3, 4], 

experimental research started on pure aluminium [5, 6] has been resumed with those 

on the behaviour and resistance of aluminium-based alloys to cavitation erosion. 

The aim is for use in parts working under such hydrodynamic conditions, such as: 

pumps for motor vehicles, rotors of household pumps and propellers of river barges 

and engines of recreational and fishing boats [5, 7-13]. In step with this research, in 

the Cavitation Erosion Research Laboratory of the Polytechnic University of 

Timisoara, using the experience obtained through studies on the increase of the 

resistance of alloy 5083, in cast and rolled state H111 series, to erosion produced 

by vibratory cavitations [5], in this study we present the results obtained on alloy 

6082 state T651. 

 

2. Material investigated 

 

 The material investigated is aluminium alloy 6082 state T651, symbolised 

AlSi1MgMn, according to EN AW 6082, taken from a 50 mm thick plate. Being 

anti-corodal, with medium hardness, good corrosion resistance, good mechanical 

strength and good welding and anodising properties it is intended for mechanically 

machined parts or welded assemblies such as: boilers, motor boats and recreational 

sailing boats, digging equipment, truck and trolley frames. In terms of applications 

in hydraulic equipment, it is mainly used in the housings of hydraulic pumps and 

other components in the structure of hydraulic drive systems [14, 15].  

 Tables 1 and table 2 show the chemical composition and the values of the 

physico-mechanical properties, standard and determined in the specialized 

laboratory of the Special Materials Expertise Centre of the Politehnica University 

of Bucharest. The structure is a dendritic one with inclusions of intermetallic 

compounds, as one can see in Fig.1. 
Table 1.  

Chemical composition of the experimental alloy 

Alloy type 

Chemical composition, [%] wt, 

Si Fe Cu Mn Mg Cr Zn Ti Sb Al 

Standard [15] 0.7-1.3 0.5 0.1 0.4-1.0 0.6-1.2 0.25 0.2 0.1 - rest 

Experimental 1.25 0.31 0.09 0.62 0.86 0.17 0.088  0.031 rest 

 

Table 2  

Physical and mechanical properties of the experimental alloy 

Alloy type 
Rm 

MPa 

Rp0.2 

MPa 

HB 

daN/cm2 

A5 

% 
 

g/cm3 

E, 

GPa 

KCU, 

J 
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Standard [15] 295-300 240-260 84-89 6-10 2,7 70  

Experimental 226.052 151.71 67 7 2.7 72 25.9 

 

 
Fig. 1. Microstructural appearance of alloy 6082 specimens (delivery condition) 

 

3. Equipment and research method 

 

The experimental program to investigate the behaviour and resistance to 

cavitation erosion was carried out on the piezoceramic crystal vibrating apparatus, 

which is part of the Cavitation Erosion Research Laboratory of the Polytechnic 

University of Timisoara, using the stationary sample method [5].   

The procedure used complies with ASTM G32-2016 [16]. The total duration 

of the test (broken down into short periods, designed to determine material losses), 

the analysis of the erosion evolution in the area subjected to cavitations, the 

processing and interpretation of the recorded data are laboratory routines [11, 17-

22 ], which are not in contradiction with the provisions of ASTM G32-2016. Double 

distilled water was used as liquid medium, whose temperature was maintained at 

22 10 

For rigour, as required by ASTM G32-2016, three specimens with a 

standard diameter of 15.8 mm were tested.  

According to the test rigors at the start of the cavitating test, the surfaces to 

be exposed to cavitating were polished to a roughness, Rz =0.2 ÷0.8 µm, fig.2   
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Fig. 2. Sample surface before exposure to cavitational attack 

 

 Throughout the cavitations test, the functional parameters of the apparatus 

(double vibration amplitude of 50 µm, oscillation frequency of 20 ± 0.1 KHz, 

electrical power supply of the electronic ultrasound generator of 500 W) were 

maintained at constant values, due to the fact that the apparatus is connected to a 

computer, equipped with specially built software [17]. 
 

4. Experimental results 

 

Surface degradation morphology  

The evolution of cavitational erosion in the surface area and structure is shown 

by the photographic images in Fig. 3, taken with the Canon Power Shot A 480 

camera.  

The degree of structural degradation is illustrated by the caverns presented by 

the images shown in Fig. 4 and 5, obtained by electron microscopy and optics after 

the completion of the test (165 minutes of exposure to the attack of cavitation). 

  

 
15 min 

 
60 min 
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105 min 

 
165 min 

Fig. 3. Macrofractographic images after different cavitational attack durations 

 

 The photo images in Fig. 3 show that cavitational erosion of the surface 

is initiated within the first few minutes, so that within 15 minutes of stressing the 

asperity peaks are removed and a network of cracks with deformations is generated 

in the surface, giving the stressed area a sweeping appearance. In the following 

minutes of stressing, up to 60 minutes, due to the cracks created, small caverns 

appear which extend into the stressed area due to the breaking of the bonds between 

the gravels and their expulsion. Continued surface stressing by cavitational 

microjets leads to the multiplication of caverns, simultaneously with the increase in 

size (depth and extension in the surface area) of the existing ones. After minute 105, 

caverns multiply and existing caverns increase more in width and less in depth, due 

to the impact pressure attenuation mechanism created by the air penetrating the 

sonotrode compression phase.  

 Stereomicroscopic analysis, highlighted in Fig. 4, highlights the extent 

of cavitational attack on the front surface of the specimen. At low magnification 

power (x8, fig. 4a), a surface with numerous large cavitations, extending over ¾ of 

the total surface of the specimen, is observed, a sign of an aggressive attack. At 

higher magnification (x56, Fig. 4b), erosion through caverns is extensive and deep. 
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a     b 

Fig. 4. Stereomicrostructural appearance of experimental specimens after the 165 min cavitational 

attack (a- x8, b- x56). 

 

 The metallographic optical microscope analysis, fig.5, shows that in 

cross-section the caverns are uneven, with depths varying greatly between them, 

reaching very large dimensions, about 490 m. 

 Scanning electron microscope analysis, fig. 6, shows the fractographic 

morphology of the cavitational attack. It shows the presence of extensive caverns, 

in the form of a plateau, together with very shallow caverns, a sign of an intense, 

aggressive cavitational attack. The fractographic aspect is fragile, through cleavage. 

 

 
Fig. 5. Metallographic appearance in cross section of specimen subjected to cavitational attack 

after 165 minutes 
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Fig. 6. SEM image of 6082 alloy specimen after cavitational attack, 165 minutes 

 

The complex fractographic analysis carried out on the surfaces subjected to 

cavitational attack on alloy 6082 samples revealed that the alloy shows numerous 

caverns, non-uniform on the exposed surface, with sizes ranging from very small, 

a few microns, up to 490 m (as shown in Fig. 5). The attack extends over an area 

of more than 3/4 of the total diameter, and the appearance is brittle through 

cleavage. The behaviour observed on alloy 6082 in the as-delivered condition is 

that of a material with extremely low resistance to cavitation corrosion. 

 

Specific curves and parameters 

 

In Figs. 7 and 8 are shown the diagrams used to evaluate the behaviour and 

resistance to cavitation erosion. They contain the values of the cumulative mass 

losses and the corresponding mass loss velocities corresponding to the intermediate 

durations which, summed up, give the total cavitational attack duration (165 

minutes).  

The mass losses, corresponding to the intermediate periods, are determined 

with the Zatklady analytical balance which has an accuracy of 10-5 grams. 

The relationships for determining these mass losses and erosion rates are: 

Mi = ∑ ∆𝑚𝑖
𝑖=12
𝑖=1       (1) 

 

vi = 
∆𝑚𝑖

∆𝑡𝑖
       (2) 

Where: Mi - means the cumulative mass, in mg 
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mi – means the mass of material removed by erosion in the time interval 

ti  

i - means the number of the time interval ( t1 = 5 min, t2 = 10 min, t3 

= t4 =....= t12 = 15 min)  

In these diagrams, specific averaging curves of the experimental values are 

also plotted, which provide insight into the tendency of the surface structure to 

behave to cavitational erosion and allow the determination of the values of the 

parameters Mmax (mass lost through erosion in 165 minutes) and vs (final bearing 

velocity - stabilization of erosion - at 165 minutes), recommended by ASTM G32-

2016 and necessary in the assessment of cavitational resistance [ 5, 11, 16, 17, 19, 

20, ]. 

By the closed red curves, the time intervals in which the mass losses 

respectively the erosion velocity have high values have been delimited, 

characterizing the period in which the material yields most to microjet and shock 

wave stresses. These variations are supported by the photographic (macro) images 

in Fig. 3. 

 
Fig. 7. Variation of cumulative mass loss with duration of exposure to cavitations 

 

 
Fig. 8. Variation of mean erosion rate with duration of exposure to cavitations 

 

The data in Fig. 7 and 8 show the following remarks:  

1. the differences between the experimental values, recorded on the three 

samples, in each intermediate period, are insignificant. The fact that after 90 
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minutes the differences between the velocity values (fig.8) are almost 

identical, shows the homogeneity of the structure of the three samples and 

the running of the experiment with well controlled parameters; 

2. the dispersion of the experimental values of the three samples with respect 

to the averaging curve suggests identical behaviour. Small 

reversals/differences, over certain time intervals, are natural, given the 

multitude of factors on which the resistance of the structure to cavitational 

stress depends; 

3. the most significant mass losses occur between 45-120 minutes; 

4. significant velocity jumps occur in the 45-90 minute interval; 

5. the shape of the approximation/measurement curve of the experimental 

values of the velocity, with a slight decrease towards the stabilization (final) 

value, is a specific one for surfaces with average mechanical properties in 

value (see Table 2), which offer high plasticity but poor resistance to cyclic 

cavitational stresses [6, 9, 19, 20, 23, 24]; 

6. the linearly increasing evolution of the M(t) curve, Fig. 7, which leads to 

the asymptotic decrease of the v(t) curve towards the stabilization value, is 

determined by the erosive process unfolding with approximately constant 

losses after 120 minutes of exposure to cavitations. 

  

5. Comparison of results 

 

To evaluate the resistance of the structure of alloy 6082 state T651 to 

erosion generated by vibratory cavitations, the histogram in Fig. 9 was constructed, 

using the photographic image and the reference parameters obtained when testing 

aluminium alloy, semi-finished state 5083 state H111, characterised by the 

following values of mechanical properties [4]: Rm = 235.367 MPa, Rp0.2 = 135.78 

MPa, HB = 80.1, KCU = 5.3 J.    

 
Fig. 9. Histogram of cavitational erosion resistance 
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The photo images, from below the histogram (fig.9), show the similarity 

between the size of the caverns and the eroded area. This observation is confirmed 

by the differences between the values of the Mmax (about 3%) and vs (about 9.8%) 

parameters shown in the histogram, recommended by ASTM G32 standards. These 

values are within the range of deviations accepted for a complex acting process such 

as cavitational hydrodynamics [5, 19-21]. Practically, these differences are of the 

order of those recorded between the experimental values of the three samples tested 

(see Figs. 7 and 8). Therefore, this experiment shows that materials with slightly 

different structures and with significantly different mechanical properties values, 

such as those of alloy 6082 compared to alloy 5083 (4 % decrease for Rm, 11.7 % 

increase for Rp0.2, 19.55 % decrease for HB hardness and 4.9 times increase for 

KCU resilience), can have close, even identical, behaviour and resistance to cyclic 

cavitational microjet stresses. The results reconfirm the complex mechanism, which 

cannot be dependent only on one single factor characteristic of the material 

(microstructure or only one of the mechanical properties). These differences can be 

substantial if technologies and treatments are applied to modify the values of the 

mechanical properties and the type of microstructure [20, 24-26]. 

 

6. Conclusions 

 

The dispersions of the experimental values of the M and v parameters with 

respect to the averaging curves show that the structure of alloy 6082 state T651 has 

poor resistance to cavitational erosion, comparable to alloy 5083 state H111. 

The shapes of the caverns, their large number and depth are mainly 

determined by the size of the gravels and the amount of intermetallic compounds, 

which yield very easily to the impact pressures between the surface and the 

microjets. The shapes of the caverns and the evolution of the damage, as an 

extension in the exposed surface area, suggest the need to use treatments to obtain 

a structure with mechanical properties that can lead to increased resistance to 

cavitational erosion.  

 The complex fractographic analysis carried out on surfaces subjected to 

cavitational attack on alloy 6082 samples revealed that the alloy shows numerous 

caverns, non-uniform on the exposed surface, with sizes ranging from very small, 

a few microns, to some that can exceed 490 m. The attack extends over an area of 

more than 3/4 of the total diameter, and the appearance is brittle through cleavage. 

The behaviour observed on alloy 6082 in delivery condition is that of a material 

with extremely low resistance to cavitation corrosion. 
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