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Abstract

a recently developed AA7075 was subjected to solid solution, high temperature laser surface treatment
and artificial aging. The microstructure evolution and precipitation behavior were examined, and their
effects on corrosion behavior and corrosion cracking were analyzed. The results show that the coarse n
phase disappears and a large number of smaller n phases are formed after high temperature laser
surface treatment. Most of the phases dissolved into Al matrix during solution, a fine n phase precipitated
in laser treatment. n' appeared in the high temperature laser surface treatment samples. It was concluded
that reasonable laser scanning power owned the best corrosion resistance, lower intergranular corrosion
tendency. Both lower laser scan power and higher scan power samples were susceptible to the
intergranular corrosion, and the intergranular cracking was observed. In contrary, the reasonable sample
which the laser power is 1T000W showed much better corrosion resistance due to the coarsening and
separation of grain boundary precipitations.

1. Introduction

AA7075 has attracted much attention due to its excellent combination of low density, high specific
strength, ductility, toughness and resistance to fatigue and corrosion[1, 2]. AA7075 has been widely used
for manufacturing of aircraft structural wings components from riveting and weldingl[3, 4]. However, the
high proportion of magnesium and zinc in the alloy, make the corrosion resistance of the alloy poor[5]. At
present, the mainstream view is divided into two kinds: the new precipitation is formed by adding other
elements. The new precipitation enhances the corrosion resistance of the alloy without changing the
original mechanical properties[6, 7]. Furthermore, heat treatment also can improve the corrosion
resistance of the alloy. The mechanical properties of the alloy can be enhanced with T6 temper[8, 9]. The
corrosion resistance of the alloy also can be improved with T73 treatment. But the mechanical properties
of the alloy have decreased[10-12]. Su proposed retrogression and re-aging treatment, the mechanical
properties and corrosion resistance of the alloy can be improved by short time retrogression treatment[13-
16]. In recent years, Huang have proposed high temperature pre-precipitation (HTPP) process, which can
precipitate supersaturated solid solution in advance and achieve better performance and better corrosion
resistance than T6 temper[17-20]. However, due to the high temperature requirement of the pre-
precipitation, the shortest HTPP process time also takes half an hour. The long heat time cause the phase
of the previous precipitation agglomerated. A large precipitation is formed. The performance of the alloy
is reduced. It needs a process which has a short time and a high energy to replace the heating process.
The laser surface treatment technique allows the change in the properties and shape of the alloy. Laser
surface treatment has also been developed in many applications, particularly in the aerospace
industry[21-23]. The heating speed of the laser is fast, and the heating time is short. Thus, this method
can replace the HTPP process.

Therefore, in this work, the HTPP process was replaced with the laser high temperature pre-precipitation
(LHTPP) process. The corrosion behavior of the AA7075 treated with LHTPP process was studied using
exfoliation corrosion, intergranular corrosion, cyclic polarization, electrochemical impedance
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spectroscopy (EIS), and transmission electron microscopy (TEM) to obtain further insight into the
mechanism of chloride-driven corrosion of the alloy. The trends of the changes in the process parameters
are summarized. To improve the mechanical properties and corrosion resistance of the AA7075, itis
necessary to select the appropriate process parameters.

2. Experimental

The chemical composition of the AA7075 is listed in Table 1.

Table 1 Chemical composition of the AA7075 (%, mass fraction)

Zn Mg Cu Cr Mn Fe Si Al
591 24 15 018 0.03 0.17 0.09 Bal

The heat treatment process for the alloy was treated at 450 °C for 1 hr. and 470 °C for 2 hr. Table 2 lists
the different laser treatment parameters. Figure 1 is the schematic diagram of high temperature laser
surface treatment process. Laser power is experimental variable. Laser scanning speed is 3 mm/s, and
constant temperature 25 °C in the laboratory. After the laser treatment processing the samples was aged
at 120 °Cfor 16 hr. It is pointed out that one sample was only treated with T6 temper. After the laser
treatment processing the samples was aged at 120 °C for 16 hr.

The exfoliation corrosion tests were performed in accordance with ASTM G34-01 (2013). The
compositions of the test solution were 4mol NaCl, 0.5mol KNO5 and 0.1 mol HNO5. The solution was
maintained 25 + 3 °C during the whole test. The test duration is 48 hr. The ratings for the exfoliation
corrosion were established according to the standard paragraphs EA to ED. The standard of ASTM G110-
1992 (2009) was referred to evaluate the intergranular corrosion (IGC) resistance of heat treatable
aluminum alloys by immersion in a solution with 57 g of NaCl and 10 mL of H,0,, respectively,ina 1L
distilled water. The specimen in the solution was maintained at temperature of 30 + 3 °C for 6 hr. The
microstructure and phase distribution of the samples were observed by JEM-2100 transmission electron
microscope. The electrochemical measurements were carried out using a CS310 electrochemical system,
and the dynamic polarization curve of the electric potential was obtained. A three-electrode system was
used in the experiment with the reference electrode with a Luggin capillary, the auxiliary electrode and a
cube sample with side length of 10 mm; the reference electrode was a saturated calomel electrode ,and
the auxiliary electrode was a platinum electrode. The solvent medium of the system was a NaCl solution
with a concentration of 0.1 mol/L, and the temperature was 25 + 1°C; soaking was carried out for 1 hr.
The open circuit potential was measured, and the whole system was in a quasi-stationary potential. The
EIS measurement ranged from 0.1 MHz to 10 MHz, and the amplitude of the signal was 10 mV. The
scanning potential was -0.5 Vg to 0.5 Vg, and the scanning rate was 2 mV/s.

Table 2 Laser heat treatment conditions
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Treatment Condition

T6 120 °Cx16 hr

HTPP 460 °Cx0.5 h+120 °Cx16 hr
LHTPP(950) 950 W, 3 mm/s+120 °Cx16 hr
LHTPP(1000) 1000 W, 3 mm/s+120 °Cx16 hr
LHTPP(1050) 1050 W, 3 mm/s+120 °Cx16 hr
LHTPP(1100) 1100 W, 3 mm/s+120 °Cx16 hr

3. Results And Discussion

3.1 Microstructure

Optical Microscope, the size of the grain can be seen intuitively. The obvious size difference can be seen
after the contrast between the two graphs. It is shown that the grain has a tendency to become smaller by
laser. After laser treatment, there are fewer defects between the grains. It is also related to the pre-
precipitation at high temperature. The precipitation phase and grain boundary in the matrix will be
analyzed in more detail.

Bright-field TEM images of alloy with different process are shown in figure 3. In figure 3(a), the sample
was treated with T6 temper. The grain interior precipitates were big and distribute uniformly, while grain
boundary precipitates were continuous. The sequence of the precipitation of the AA7075 can be
summarized as SSS — GPI zones — Meta-stable I'— Stable §l (MgZn,)[28]. The matrix dissolves many
low stability precipitates with the HTPP process. The precipitates precipitated continuously at the grain
boundary and gathered near the grain boundary. The corrosion channel of the alloy was formed at the
grain boundary. The grain boundary precipitates had lower potential than the matrix, so the corrosion
would begin to precipitate at the grain boundary of the alloy. As a result, the corrosion resistance of the
alloy became worse and the grain boundary corrosion was formed. The size and distribution of the
precipitates could be adjusted by HTPP process. After HTPP process, the morphology of the matrix was
not different from that with T6 temper. But at the grain boundary, the precipitates at the grain boundary
changed continuous to discontinuity. It led to the change of potential at the grain boundary. Due to the
discontinuity distribution of precipitates, the corrosion channel was blocked, enhanced the corrosion
resistance of the alloy. After LHTPP process, the precipitated in the matrix became finer, and enhanced
the corrosion resistance of the alloy in the matrix. At the grain boundary, the precipitates at the grain
boundary were discontinuity. The corrosion resistance was enhanced at the grain boundary. With the
change of laser power, precipitates free zones (PFZs) also changed widen and narrow. Similar ideas were
found in recent reports[26-27]. Typically, i phases were observed to be anodic to the matrix. However,
when the grain boundary precipitates were isolated, the galvanic reaction occurs between the [l anodic
precipitates and the matrix. Thus, an active corrosion path was formed. Therefore, the corrosion
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resistance of LHTPP(1000) process was better than those of the other samples treated with HTPP or T6
treatment. Grain boundary precipitates had potential differences with the other electrodes around the
grain boundaries, leading to the anodic dissolution of the precipitates. With the increasing laser power,
the surface of the alloy was melted, and when the laser was swept, the surface of the alloy was re-
solidified. The precipitates phase was re-accumulated at the grain boundary, and the corrosion was
deteriorated.

The grain boundary was completely corroded and appeared black. Some precipitates in the matrix have
been corroded first, but it is noteworthy that the precipitation at the grain boundary were not continuous,
the corrosion process of the alloy was difficult. The corrosion of the alloy will be restricted by the small
precipitation, and will slow down the overall corrosion rate.

The GPI zone and metastable [I' phase can be clearly observed by HRTEM,, it is also the key to enhance
corrosion resistance. As corrosion proceeds, these are more difficult to corrode than the [l phase and
increased the difficulty of corrosion. This is the key to improve AA7075 by laser treatment. it is also
related to the new passivation layer in nyquist data in electrochemical corrosion. These metastable
phases can be formed near the alloy surface. Compared to the [l phases, these phases have better
corrosion resistance because they are not fully formed and require a larger potential to advance the
corrosion, thus forming a passivation layer delaying the alloy corrosion. The traditional heat treatment
process can only be carried out by shortening the heat treatment time, but it often leads to insufficient
energy to achieve the desired results. And the laser processing speed is fast and the energy is high. This
process can be completed.

3.1 Effects of LHTPP process on exfoliation corrosion resistance

The images of the experimental surfaces after the exfoliation corrosion are shown in figure 6. It is
observed that the sample which treated with LHTPP process have better resistance of corrosion than T6
and HTPP treatment. With increasing laser power, the corrosion resistance of the sample first decreased
and then increased. From figure 6(a), it could be found that the corrosion exposure induces an extensive
network of micro cracks. The surface had been corroded and continued to corrode the alloy under
surface. After LHTPP process, the corrosion resistances of the alloy were improved. Different from the
heat treatment furnace, the energy of laser treatment was relatively concentrated and the effect was
remarkable. Comparing the fig 6(b) with the (c), it can be clearly found that the corrosion resistance of the
alloy surface is relatively good after laser treatment, and there is no large exfoliation on the surface, only
small pits and pitting corrosion occur.

Generally, for the AA7075, the corrosion resistance depends on the grain and grain boundary precipitation
of the alloy. The precipitation of the grain boundary becomes discontinuous with LHTPP process, and
blocks the corrosion channel.The exfoliation corrosion from the macroscopic point of view proves that
the laser treatment has a significant improvement on the corrosion resistance of the alloy. Next, the above
view can be further proved by the corrosion depth on the side of the exfoliation corrosion experiment.
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Figure 7 was shown the intergranular corrosion on the exfoliation corrosion of the alloy. These can be
more obvious proof of the corrosion resistance of the alloy, from the side, the corrosion resistance of the
alloy after laser treatment is the best.

The above conclusion can prove that laser treatment can improve the corrosion resistance of the alloy,
but it can not get more scientific authority only from the macro point of view. As the beginning of AA7075
corrosion is generated from the intergranular. Therefore, it is very scientific to explore the corrosion of the
alloy under microscopic conditions through the depth of intergranular corrosion. However, the
experimental results show that different laser power may have different effects on the corrosion
resistance of the alloy. In the following experiments, three groups of different laser power will be added to
study the intergranular corrosion depth of the same experiment. Through this experiment, reasonable
laser parameters can be obtained more accurately.

3.2 Effects of LHTPP process on intergranular corrosion resistance

Figure 8 is shown the typical scanning electron microscopy images for the cross-sections of the alloy
treated with different treatment. As shown in figure 8(a), when the sample was treated with T6 temper, the
alloy reached the conventionally peak—aged condition and exhibited severe IGC with a maximum
corrosion depth of 170 pym. It could be observed that the corrosion develop inward along the grain
boundary of the alloy. As shown in figure 8(b), the sample was treated with HTPP process, As compared
to the T6 sample, the HTPP process sample was still susceptible to IGC, but with a decreased maximum
corrosion depth of 70 um. When the sample was treated with LHTPP process, the sample was not
susceptible to IGC in figure 8(c), The corrosion depth and rating of the samples under different heat
treatments were listed in Table 3.

Table 3 Corrosion rating results of alloy with different process

Treatment T6  HTPP LHTPP(950) LHTPP(1000) LHTPP(1050) LHTPP(1100)
EXCOrating ED  EC EC EB EC ED
IGC depth/um 170 100 85 17 23 146

In general, the IGC of aluminum alloy is divided into the following corrosion mechanisms. First, IGC is a
localized electrochemical corrosion, as a result of the difference in the corrosion potential of the second
phase component and the matrix[29,30].

Second, due to the preferential precipitation of the precipitates at the grain boundary, the grain boundary
precipitates are continuously formed to a completely corrosion channel, the corrosion is rapidly corroded
along the grain boundary. Finally, the continuous grain boundary corrosion is formed. In T6 temper, the
grain boundary precipitates of the alloy were continuously distributed, thus forming a deep IGC. When the
samples were treated with HTPP process, the grain boundary precipitates began to change the
continuous distribution to the discontinuous distribution, and the corrosion channel of the alloy was

Page 6/20



blocked. The IGC sensitivity of the alloy was lower than that with T6 temper. When the sample was
treated with LHTPP process, the internal precipitates of the alloy became fine and diffuse, and the
distribution was uniform. It caused the potential difference between the second phase and the matrix to
be reduced, making the corrosion more difficult to carry out. At the grain boundary, the discontinuous
grain boundary precipitates were also formed. Make the sample insensitive to IGC. However, with
increasing laser power, the surface of the alloy began to melt. Because the laser energy was high and the
cooling speed was fast, the surface of the alloy was in a state of re-solidification. So, the alloy continued
to be sensitive to IGC. It can be seen that LHTPP process with a reasonable laser parameter can
completely reduce the IGC sensitivity of the alloy. intergranular corrosion depth can prove that laser
treatment can indeed improve the corrosion resistance of AA7075. intergranular corrosion is due to the
tiny electrochemical corrosion produced in the crystal. Therefore, electrochemical analysis equipment will
be used to explore the causes of corrosion resistance enhancement and analysis.

3.3 Effects of LHTPP process on electrochemical corrosion resistance

Figure 9 is shown the polarization curves of the AA7075 treated with different process in 0.1 mol NaCl. In
generally, the corrosion potential is the primary tool for reacting the corrosion reaction[24]. When the
sample was treated with T6 temper, the corrosion potential of the alloy was small. The alloy was more
susceptible to corrosion. However, the corrosion potential of the alloy was increased after the HTPP
process of the sample. it also proved that the HTPP process can enhance the corrosion resistance of the
alloy. When the alloy was treated with LHTPP process, the corrosion potential of the alloy continued to
increase. When the alloy was treated with LHTPP(1000) process, the corrosion potential of the alloy was
the largest. It indicated that in the same conditions, the alloy needs a larger potential difference to
corrode. It was observed from figure 10 that when the potentials were shifted to the anodic domain, the
anodic current densities increase rapidly. This potential was considered to be the oxide breakdown or
pitting potential that led to localized corrosion. However, when the alloy was treated with LHTPP process,
the potential of the alloy increased and the current decreased in the anode region. It indicated that the
passivation layer was formed after corrosion, and the alloy did not transition from local corrosion to
intergranular corrosion, but reformed a new pitting corrosion phenomenon. Because of discontinues grain
boundary precipitation and the blocking corrosion channels. The completely intergranular corrosion could
not be formed. It is due to the increasing of corrosion resistance of the alloy with LHTPP process.
However, with the laser power continued to increasing, the alloy had a surface melting phenomenon, and
the alloy began to form a completely corrosion channel, resulting in a deterioration of the corrosion
resistance of the alloy.

Figure 11 is shown the equivalent circuit used to model the impedance parameters for the AlI-Zn—Mg-Cu
alloy. The physical significance of the elements of the equivalent circuit can be described as follows: Rs
corresponds to the solution resistance, and R corresponds to the resistances of the porous and barrier
layers. CPE is constant phase angle[25]. There is a certain linear relationship between the capacitance
and the resistance. It can be expressed by the formula. When the model shown in figure 11(a) is used to
analyze the impedance map of laser treatment, it is found that the results obtained do not match the
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facts. Hence, it is not correct to use only a single model to simulate AA7075 electrochemical corrosion
under different heat treatment processes. Therefore, a new simulation model will be used to compare the
laser heat treated samples. Figure 11 is shown the Nyquist diagrams of the AA7075 treated with different
processes. The Nyquist diagrams of the samples were different. when the alloy were treated with T6
temper, HTPP process and LHTPP process. There was only one tolerance arc in the impedance
parameters indicating that the whole corrosion process was controlled by the activation polarization, and
there was no concentration polarization in the whole reaction process. The radius of the arc tolerance
could reflect the corrosion resistance of the alloy. The radius of the HTPP process was the maximum and
the resistance was the highest. However, the experimental results of intergranular corrosion do not agree
with this, so the data of laser heat treatment are fitted by a new simulation model, which is found to be
consistent with the previous conclusions.

Figure 12 is shown the Nyquist diagrams of the AA7075 treated with different laser power. With the
LHTPP process, a second anti-arc was present in the curve. It indicated that the alloy did not exhibit
intergranular corrosion and no corrosion channel was formed inside the alloy. Instead, a new passivation
layer was formed. This corresponds to the previous data in the polarization curve. With the laser power
increasing, the radius of the second arc was first increased and then decreased it indicated that the
resistance of the passivation layer also increased first and then decreased. The corrosion resistance of
the alloy was the best when the laser power is 1000 W. However, with the increase of the laser power, the
surface of the alloy had a melting phenomenon, the corrosion resistance was very poor. Therefore, the
laser surface treatment can obviously improve the corrosion resistance of the alloy, but the excessive
laser power can melt the alloy. Reasonable laser power can preferentially form a passivation layer on the
alloy surface. It is the key to enhance the corrosion resistance of the alloy.

4. Conclusions

Laser high temperature pre-precipitation process was performed to improve the microstructures and
corrosion resistance of the AA7075. It was observed that grain boundary precipitates obtained with the
laser high temperature pre-precipitation process plays an important role in corrosion resistance.
Compared with HTPP process, the sample with LHTPP process has less corrosion susceptibility, revealing
that a suitable laser process can effectively improve the corrosion resistance. Exfoliation corrosion and
IGC could prove that. Polarization curves and EIS reveal the change in the corrosion resistance in the
AA7075 with LHTPP process. Discontinuous grain boundary precipitates and wide PFZs of the sample
increase the corrosion resistance. The improved corrosion resistance of LHTPP process is due to the
increased spacing of the grain boundary precipitates. The discontinuous grain boundary precipitates
block the corrosion channels, make the intergranular corrosion transform to pitting corrosion.
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Figures

Laserbeam

Figure 1

Schematic diagram of high temperature laser surface treatment process.
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Figure 2

OM images of the AA7075 after different treatments: (a) T6, (b) LHTPP

Figure 3

TEM images of the AA7075 after different treatments: (a) T6, (b) HTPPR, (c) LHTPP(950), (d)
LHTPP(1000), () LHTPP(1050) and (f) LHTPP(1100)
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Figure 4

TEM images of the AA7075 with LHTPP after corroded.
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Figure 6

Exfoliation corrosion images of the AA7075 after different treatments: (a) T6, (b) HTPR (c) LHTPP

Figure 7

Exfoliation corrosion images of the AA7075 after different treatments: (a) T6, (b) HTPP, (c) LHTPP
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Figure 8

Intergranular corrosion images of the AA7075 after different treatments: (a) T6, (b) HTPP (c)
LHTPP(950), (d) LHTPP(1000), () LHTPP(1050) and (f) LHTPP(1100)
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Figure 9

Polarization curves of the AA7075 treated with different heat treatments
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Figure 10

Corrosion rates, Icorr and Ecorr of the AA7075 treated with different heat treatments
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Figure 11
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Equivalent circuit used to model the impedance parameters for the AA7075 and EIS diagram for the
samples with different heat treatment
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Figure 12

Equivalent circuits used to model the impedance parameters for the AA7075 and EIS diagram for the
samples with different laser power
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