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In this study, the solid particle erosion behavior of solutionized, artificially aged (T6) and annealed aluminum
alloy AA7075 has been investigated. The samples were eroded in solid particle erosion test equipment at 45°
impingement angle and 75 m/s impingement velocity with 180 mesh garnet erodent particles. Afterwards, mi-
crostructures of solutionized, artificially aged and annealed samples of AA7075 alloy were analyzed. In order to
figure out the effect of ductility on erosion rates, the Brinell hardness of the samples was measured. The sur-
face morphology images of the samples were taken before and after the erosion test by using scanning electron
microscope (SEM). The effects of the microstructures and the hardness on the erosion behavior of the different
heat treated specimens were examined. Finally, SEM images of the samples were deeply analyzed and the erosion
mechanisms which occurred on the surfaces of the samples were discussed.
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1. Introduction

AA7075 alloy is used in automobile and aerospace in-
dustry due to its high strength, toughness, and resis-
tance against oxidation and corrosion [1]. Vehicle parts
are usually exposed to erosion. Loss of original material
from a solid surface with mechanical interaction between
the surface and solid or liquid particle containing fluid is
called erosion [2]. Researchers always try to find a way
to reduce material loss and energy consumption [3]. Se-
lection of proper material [4], processing techniques [5]
and heat treatment [6, 7], effects the erosion resistance.
Investigations and studies provide insight into the mech-
anisms of material removal during the wear process of
material [8]. There are a number of methods to evalu-
ate the erosion wear of materials using equipment, such
as small feed rate erosion test equipment [9], particle jet
erosion test equipment [10], coriolis erosion tester [11]
and slinger erosion test equipment [12]. Solid particle
erosion behavior of solutionized, artificially aged and an-
nealed AA7075 alloy was investigated in this study. Dur-
ing tests, impingement angle, velocity and pressure were
kept constant. 45° impingement angle was used in experi-
ments. Impingement velocity was 75 m/s and air pressure
was 3 bar. Garnet erodent particles used in experiments
were 180 mesh. All these parameters were chosen to reach
optimum erosion for ductile AA7075 metal [6-13].

2. Experimental

Cylindrical AA7075 samples with 40 mm diameter
were used in experiments. The chemical composition of
AA7075 is given in Table 1.
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Chemical composition of the TABLE I
AA7075 alloy (wt%).
Zn Mg Cu Si Fe Cr

5.5 24 1.4 0.5 0.4 0.18

Samples were divided into three groups. All samples
were solutionized at 470 °C for 2 hours and then water
quenched. First group was left as solutionized. Second
group was subjected to artificial aging heat treatment
(T6) 120°C for 12 hours to obtain the highest hard-
ness [14]. Third group was soaked at 410°C for 3 hours
to achieve annealing after T6. Heat treatments were per-
formed in an electronically controlled heat treatment fur-
nace.

Erosion tests were performed in horizontal sand blast-
type erosion test equipment. The test equipment is
shown in Fig. 1. Garnet particles with the size of 180
mesh driven by a static air pressure of 3 bar, were accel-
erated along a 50 mm nozzle with a diameter of 5 mm.
The velocity of particles under 3 bar pressure was 75 m/s,
measured by using double-disc method. All erosion ex-
periments were run at particle impingement velocity of
75 m/s and angle of impingement of 45° (angle of highest
achieved wear rates), by using 180 mesh garnet particles.
Samples were cleaned by air blasting before and after
erosion tests in order to remove sand and dust particles,
and then samples were weighed on an electronic balance
with an accuracy of £0.1 mg.

To characterize the morphology of eroded surfaces
and in order to understand mechanism of material re-
moval, eroded surfaces of samples were examined by us-
ing a scanning electron microscope Tescan Vega Sbu-II
(Bruker EDS).

(1052)


http://dx.doi.org/10.12693/APhysPolA.127.1052
mailto:erhan.balci@kocaeli.edu.tr

Influence of Different Heat Treatments on the Solid Particle Erosion. ..

Abrasive
Container

Adjustable iu_mple Holder

Angular

Movement

Pressure
Gauge

Air Compressor

Horizonta Movement

Fig. 1. Solid particle erosion test equipment.

3. Results
3.1. Microstructure

Elongated AA7075 grains are seen in Fig. 2. Elonga-
tion occurs in the extrusion direction. Light microscope
view of solutionized AA7075 sample is given in Fig. 2a
and SEM image of artificially aged AA7075 sample is
given in Fig. 2b.
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Fig. 2. (a) Light microscope view of solutionized
AA7075, (b) SEM image of artificially aged AAT075.

The precipitation sequence of AA7075 is thought to be
[15]: Supersaturated solid solution — GP Zones — 1’ —
n-MgZns.

In Fig. 3 the SEM image and EDS analysis results of
artificially aged AA7075 sample are given. AA 7075 alloy
includes 5.5% zinc and 2.4% magnesium. According to
EDS results, there is 7.7% of Zn and 2.5% Mg in point 2.
This shows, that in point 2, there is a MgZn, precipitate,
which is compatible with the sequence above.

1053

Point 1
Al: 77.6
Fe: 9.2
Zn: 3.2
Mg: 3.0
Cu: 3.0
Mn: 2.3
R Si: 1.7

# Point 2
Al: 85.2
Zn: 7.7
Cu: 4.6
Mg: 2.5

3 €
:

i
2
g‘ ‘
%
e
3 a4
x

Point 3
Al: 89.7
3 S Zn: 7.1
® Mg: 2.5
L . K cr: 0.7
SEM HV: 30.00kV  WD: 13.21 mm VEGAW TESCAN|
SEM MAG: 1.00 kx  Det: BSE

Fig. 3.
ple.

EDS analysis of artificially aged AA7075 sam-

3.2. Erosion rate

Samples prepared at three different heat treatment
conditions were exposed to erosive wear on the test equip-
ment demonstrated in Fig. 1. Erosion test parameters
and results of the experiments are shown in the Table II.
The code numbers indicated in the first column of Ta-
ble II define surfaces of samples, exposed to different
heat treatment conditions. S1; means front surface of
the square cross section for the sample prepared by so-
lutionizing. Similarly S1, means back side of the solu-
tionized sample of AA7075. Code numbers of S2¢ and
S2, mean front side and back side of the samples that
were artificially aged. The third sample coded as S3;,
S3;, means front and back sides of the samples that were
only solutionized. For comparison, a graphical represen-
tation of erosion rates and hardness of the different heat
treated AA7075 samples, measured at constant erosion
time, impingement angle and air pressure, is shown in
Fig. 4.

Test results. Test parameters: erosion time TABLE II
of 20 s, impingement angle of 45°, pressure
of 3 Bar, mesh 180, mass volume of 6.76 g/s.
Sam- |Hard- | Initial | Final | Am |Ammean Erosion
ple | ness |weight|weight|[mg]| [mg] Rate
Code| [HB] | [g] | [g] [mg/g] x10°
Siy 23.37 | 23.34 |27.7

85 27.80 205.62
S1y 23.34 | 23.32 |27.9
S2y 23.79 | 23.76 [29.5

142 29.50 218.20
S2; 23.76 | 23.73 [29.5
S3y 23.30 | 23.27 |27.6
S3p 128 23.27 | 23.24 |28.4 28.00 207.10

4. Conclusions

Solutionized, precipitation hardened and annealed
AA7075 samples were subjected to erosive wear. Param-
eters such as impingement angle, air pressure, particle
mass flow and erosion time were kept constant. Follow-
ing results were obtained:
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. 4. Erosion rates and hardness values of samples.

Erosion rate of AA7075 alloy increases as material
gets harder. Hardening causes a rise in brittleness
of the material. Thus the moving particles take
chips from surface more easily and loss of material
occurs.

To avoid material loss against erosive particles,
AA7075 should be used in ductile state. The high-
est ductility is obtained by solutionizing heat treat-
ment.

Wear mechanisms occurring at the different rated
surfaces are cutting, impingement and removal of
material from the surface of the specimen. Em-
bedded erodent particles were not observed on the
surfaces.
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