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Effect of Heat Treatment on Microstructure and Performance of Laser Power Bed Fusion 
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This study investigated the laser powder bed fusion (LPBF) processed AlSi10Mg alloy modified by 
Sc and C elements, and explored the impact of heat treatment on its microstructure and properties. After 
solution treatment at 500°C for 3 h followed by aging at 150°C for 6 h, the grain size becomes smaller 
and more uniform, contributing to enhanced mechanical and corrosion properties. The self-corrosion 
potential (Ecorr) of alloy reaches -0.6536V, with a self-corrosion current (Icorr) of 3.528×10-7A/cm2, 
indicating a significant boost in corrosion resistance. The alloy had the highest average hardness (HV 
91.7) after a 3h solution treatment at 500°C and a 3h aging treatment at 200°C, which was attributed 
to the uniform dispersion of the Si phase in the α-Al matrix.​ Atomic force microscopy (AFM) results 
shew that the surface roughness is minimized after the 500°C+3h solution treatment and 150°C+6h 
aging treatment, with a Ra value of only 5.17nm. Neutral salt spray testing (SST) in simulated marine 
environments further validates that optimizing the heat treatment process effectively enhances the 
corrosion resistance of alloys. Overall, the combined modification of Sc and C, and heat treatment 
provides an effective approach to improve the performance of AlSi10Mg alloy.
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1. Introduction
Aluminum alloy possesses several advantages, such 

as low density, high specific strength, and good thermal 
conductivity. As a result, it finds wide applications in 
machinery, building materials, sports equipment, aerospace, 
and other fields, particularly in the aerospace industry1-3. 
The increasing complexity of component shapes, thin walls, 
and the integration of structural performance are becoming 
an inevitable trend. However, the current technology for 
preparing aluminum alloy parts is unable to meet the 
requirements of the aforementioned industries. In recent 
years, Additive manufacturing has been proven to be a 
revolutionary technology for preparing metals and alloys, 
laser powder bed technology (LPBF)4-7 has been able to 
achieve rapid and high-quality preparation of complex 
structures. However, compared to LPBF preparation of 
titanium alloy, stainless steel, nickel-based superalloys, 
and other materials, aluminum alloy faces challenges due 
to its low melting point, susceptibility to crack formation, 
and low plasticity during high temperature processing. 
The poor microstructural stability of crack-free Al alloys 
synthesized via additive manufacturing typically possesses 
poor heat resistance8. Research in this area started late and 
lacks maturity. A common issue with LPBF is the presence 

of metallurgical defects such as cracks, spheroidization, and 
porosity encountered by many materials9-11. Consequently, 
only a limited number of metals are suitable for printing 
parts with satisfactory density, desired microstructure, and 
strength12-15. According to some reports, the aluminum alloys 
that can be printed by LPBF technology are mainly limited 
to Al-Si eutectic alloys, such as AlSi12 and AlSi10Mg16-18.

Processing aluminum alloys through LPBF, on the other 
hand, presents challenges. Aluminum powder itself light 
weight, poor flow characteristics, high reflectivity, high 
thermal conductivity, low laser absorption, easy oxidation. 
However, the successful application of LPBF in aluminum 
alloy processing is mainly achieved through the aluminum 
silicon (Al-Si) group casting alloy. Alloying aluminum 
with other metals helps overcome these initial challenges 
and enables efficient processing through LPBF. AlSi10Mg 
and AlSi12 alloys are the most commonly used aluminum 
alloys in LPBF systems because of their excellent castability, 
low shrinkage, and significant Al-Si eutectic composition19. 
AlSi10Mg is a subeutectic alloy in the Al-Si family, which 
has excellent solderability, hardenability and mechanical 
properties due to its proximity to the eutectic region in the 
Al-Si phase diagram20,21. Adding silicon to the alloy can reduce 
the melting point of the alloy, reduce shrinkage, and improve 
fluidity. The trace amount of Mg in Al-Si alloys facilitates 
heat treatment and improves their mechanical properties, 
making them suitable for use as structural components22. 
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Particularly, the L-PBFed Al9Mg2Si alloy shows improved 
mechanical properties with the yield strength of 397 MPa 
and the elongation of 7.3%)23.

As a common aluminum alloy, AlSi10Mg has been 
more and more widely used in aerospace, transportation, 
equipment manufacturing and other fields due to its high 
specific strength, low thermal expansion coefficient, wear 
resistance, corrosion resistance24 and other excellent properties. 
However, poor secondary dendrites and coarse eutectic Si 
structures are inevitably formed in the traditional casting 
forming process. The as-cast AlSi10Mg exhibits typical 
Al-rich dendrite structure and eutectic phase, accompanied 
by Fe-rich intermetallic compounds25. Recently, there 
have been attempts to use additive manufacturing (AM) 
techniques to prepare high-performance materials. Among 
them, LPBF technology can effectively reduce grain size 
and internal defects26,27. AlSi10Mg formed by LPBF has a 
saturated Si network structure precipitated along the α-Al 
grain boundary, showing fine grains28. However, rapid 
melting and solidification in the LPBF process, as well as 
cyclic heating and cooling, often produce residual stresses 
and micro cracks that reduce the toughness of AlSi10Mg29-31. 
In order to alleviate this problem, post-heat treatment is used 
to change its microstructure to improve its performance.

When preparing AlSi10Mg alloy using laser powder bed 
fusion technology, the addition of Sc and C elements can 
significantly enhance the comprehensive properties of the 
alloy through synergistic modification. Sc can form fine and 
dispersed Al3Sc strengthening phases in the alloy, which can 
greatly increase the strength and hardness of the alloy through 
precipitation strengthening mechanism, and also improve 
the toughness of the material by refining the grains. C can 
form Al4C3 strengthening phases with Al, which can further 
reinforce the matrix and optimize the fluidity of the molten 
pool, reducing the formation of defects such as pores and cracks 
during laser printing. Moreover, the combined addition of Sc 
and C can promote the uniform distribution of strengthening 
phases under rapid solidification conditions, and synergistically 
exert the effects of fine-grain strengthening and second-phase 
strengthening. This allows the AlSi10Mg alloy to maintain good 
formability while achieving higher tensile strength, yield strength, 
and fatigue resistance, making it particularly suitable for the 
manufacturing of high-end components with strict mechanical 
property requirements. Extensive research has been done to 
understand the importance of post-production heat treatment 
of LPBF aluminum components32. Adjust the temperature and 
time of LPBF aluminum alloy heat treatment, such as the T6 
process. This approach is designed to optimize its performance. 
Stress relief can also be obtained for aluminum alloys under 
heat treatment conditions. Tensile residual stress is unavoidable 
in additive manufacturing surfaces and delamination processes. 
The sample undergoes rapid heating and sudden cooling, 
resulting in tensile residual stress33. Stress relief helps to reduce 
these residual stresses and improve mechanical properties. 

At present, the research focus of AlSi10Mg alloy formed by 
LPBF is mainly on its mechanical properties. In addition to this, 
corrosion performance is another key issue for the use of LPBF 
formed AlSi10Mg in corrosive environments34,35.

In this study, EP-M650 four-laser large-size metal printer 
was used to prepare AlSi10Mg samples, and high C and low 
Sc alloy components were added. The addition of C and Sc 
elements in AlSi10Mg alloy prepared by LPBF is aimed 
at improving the strength, thermal stability and corrosion 
resistance of the alloy. In addition, the properties of the alloy 
were optimized by solution treatment combined with aging 
strengthening process at different temperatures and different 
times, and the excellent microstructure, corrosion resistance 
and mechanical properties before and after heat treatment 
were studied. These results will contribute to the development 
of an alloy with reduced thermal crack sensitivity, improved 
corrosion resistance and improved strength as a potential 
reference for the preparation of AlSi10Mg alloys by LPBF.

2. Materials and Methods
In this study, EP-M650 four-laser large-size metal 

printer was used to prepare AlSi10Mg samples. The powder 
material used (AlSi10Mg) is spherical powder. The diameter 
of the powder is 15~40μm, and the chemical composition is 
shown in Table 1. LPBF manufacturing scanning strategy 
diagram is shown in Figure 1. All samples are printed on a 
316L stainless steel substrate with a preheating temperature 
of 80°C. Throughout the forming process, high purity argon 
acts as the protective atmosphere of the forming chamber, 
maintaining a consistent directional scanning strategy within 
each layer and forming under the condition of 17° rotation 
between layers. Detailed process parameters and sample 
numbers are shown in Table 2. Sample No. 1 was deposited, 
and samples No. 2 to No. 4 were treated by solution and 
aging respectively. The solution treatment temperature is 
500°C, the duration is 3h, the aging treatment temperature is 
150°C or 200°C, the duration is 3h or 6h. All heat treatment 
processes are water quenching cooling, which is convenient 
for rapid cooling and higher mechanical properties.

The AlSi10Mg alloy sample prepared by LPBF was 
analyzed by optical microscope (OM), Nikon Epiphot 300U, 
field emission scanning electron microscope (SEM) and 
energy dispersive spectrometer (EDS). The hardness of the 
material was measured by digital display automatic rotary 
hardness tester (HFS-1000). The corrosion resistance of 
the material was characterized by Atomic force microscope 
(AFM), electrochemical workstation (CHI760E) and neutral 
salt spray test chamber (GW-60). The ratio of metallographic 
corrosion solution is HF: HCL: HNO3: H2O= 1:1.5:2.5:95. 
When measuring the hardness, the load is 0.3kg and the loading 
time is 10 seconds. The CHI760E electrochemical workstation 
uses 3.5wt% NaCl corrosion solution. The EIS curve frequency 
parameter is set to 10~106Hz, and the Tafel curve scanning 

Table 1. Chemical composition of AlSi10Mg alloy powder for LPBF process (wt.%).

Elements Al Si Mg C Sc Impurity
wt% Bal. 0.10 0.30 0.32 0.01 ≤0.05
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rate parameter is set to 0.01V/s. The acceleration voltage of 
the electron gun in the SUPRATM55 thermal field emission 
scanning electron microscope is set to 5~10KV. GYW-60 salt 
spray test chamber temperature is 35°C±5°C, NaCl solution 
mass fraction is 5%, pH range is 6.5~7.2, continuous spray.

3. Results and Analysis

3.1. AFM surface characterization
To quantify surface roughness, Ra (mean roughness) and 

Rq (root-mean-square roughness) are selected as descriptors 
of surface heterogeneity. Specifically: (1) Ra represents the 
average deviation of the surface profile relative to its mean, 
representing the flatness or roughness in the horizontal (or 
vertical) direction. The smaller the Ra value is, the smoother 
the surface is. (2) Rq is the root-mean-square value of surface 
roughness, reflecting the overall irregularity of surface 
profile fluctuations in the horizontal (or vertical) direction. 
The larger the Rq value, the more irregular the surface. 
The roughness results showed the unique characteristics 
of the sample, indicating that the Ra value and Rq value of 
the sample obtained after solution treatment at 500°C for 
3h and aging treatment at 150°C for 6h were the lowest, as 
shown in Figure 2c. In this case, the average Ra value was 
5.17nm and the average Rq was 7.15nm, indicating that the 
surface was smoother.

Through the analysis of AFM imaging results, the surface 
smoothness between different samples can be compared. The 
smoother the surface, the lower the roughness. In addition, 
select areas with large imaging differences after different 
heat treatment, and check the height difference between 
peaks and valleys, the smaller the difference means the 
more uniform, thereby reducing the overall roughness. It 
is shown that the surface growth of the pattern after heat 
treatment does not follow a uniform roughness pattern. This 
change is directly related to the heat treatment process of 
the pattern, and the detailed analysis is combined with the 
microstructure evolution discussed below.

3.2. Microstructural characterization
Figure 3 shows the microstructure of AlSi10Mg alloy 

samples prepared by LPBF process under different heat 
treatment parameters. The original microstructure of AlSi10Mg 
alloy is mainly composed of aluminum matrix, silicon phase, 
magnesium phase and other phases depending on other trace 
elements. After the solid solution treatment, the silicon and 
magnesium in the alloy will be partially dissolved in the 
aluminum matrix, forming a more uniform solid solution. 
During the aging treatment, Mg2Si will precipitate and form 
fine precipitated phases, which will significantly improve the 
strength of the alloy. After aging treatment, the silicon phase 
may change and become finer and more evenly distributed. 
The strength and hardness of the aluminum matrix will be 

Figure 1. Scanning strategy diagram of AlSi10Mg alloy as-received.

Table 2. Parameters of AlSi10Mg alloy by LPBF under different heat treatment processes.

Number Solution treatment 
temperature /°C

Solution treatment 
time /h

Solution treatment 
cooling method

Aging treatment 
temperature /°C

Aging treatment 
time /h

Aging treatment 
cooling method

1 as-received
2 500 3 Water quenching - - -
3 500 3 Water quenching 150 6 Water quenching
4 500 3 Water quenching 200 3 Water quenching
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solidification of each layer will have a thermal effect on the 
underlying material, which may lead to the recrystallization 
or phase transition of the underlying material. These factors 
can lead to the non-uniform growth of grains, resulting in 
the formation of wave-like microstructure.

After solid solution at 500°C for 3h, the AlSi10Mg 
alloy (Figure 3b) has uniform and fine grains, and the α-Al 
matrix and Si phase are obvious. The silicon phase usually 

Figure 2. AFM 2D images of AlSi10Mg alloy by LPBF under different heat treatment processes. (a) as-received; (b) Solution treatment 
at 500°C for 3h; (c) Solution treatment at 500°C for 3h+ aging treatment at 150°C for 6h; (d) Solution treatment at 500°C for 3h+ aging 
treatment at 200°C for 3h.

increased, and the microstructure will be denser. Figure 3a 
shows a distinct weld pass, which is mainly due to metal 
deposition between welds during the LPBF process. The 
laser melting speed in the LPBF process is very fast, the 
metal powder melts and solidifies rapidly under the laser 
irradiation, the energy of the laser beam is concentrated in 
a small area, resulting in local temperature increase, while 
the surrounding area is relatively cold, and the melting and 

Figure 3. Microstructure of AlSi10Mg alloy by LPBF under different heat treatment processes. (a) as-received; (b) Solution treatment 
at 500°C for 3h; (c) Solution treatment at 500°C for 3h+ aging treatment at 150°C for 6h; (d) Solution treatment at 500°C for 3h+ aging 
treatment at 200°C for 3h.
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appears as white particles or a network structure within the 
Al matrix. Structurally, the prominent existence of α-Al 
matrix and Si phase can be attributed to the rapid cooling 
in the LPBF process36, which leads to the preferential 
formation of α-Al nuclei due to high nucleation density, 
which hinders the further growth of grains. As a result, Si 
atoms are pushed towards the solid-liquid interface, causing 
the Si concentration in the remaining liquid metal to increase 
until a eutectic composition is reached. Subsequently, a 
continuous network structure (α-Al+Si) is formed at the α-Al 
grain boundary by eutectic transition37. The microstructure 
distribution of AlSi10Mg alloy after solid solution at 500°C 
for 3h and aging at 150°C for 6h is shown in Figure 3c. 
The microstructure distribution of AlSi10Mg alloy after 
solution at 500°C for 3h and aging at 200°C for 3h is shown 
in Figure 3d. The results show that the grain size is further 
refined and the grain distribution uniformity is improved 
after solution treatment. This indicates that during the aging 
process38, the Si phase has a finer particle size and a more 
uniform dispersion after spheroidization in the α-Al matrix. 
Combined with the above surface roughness analysis, the 
results show that the surface roughness of AlSi10Mg alloy 
is smaller after solid solution at 500°C for 3h and aging at 
150°C for 6h, which is directly related to the smaller and 
uniform grain size obtained after solid solution treatment 
and aging treatment and the precipitation of more dispersed 

and uniform phase. And suitable aging treatment temperature 
and time control is also crucial.

3.3. SEM and EDS analysis
To know deeper insights into the effect of heat treatment on 

the surface microstructural transformation of AlSi10Mg alloy 
fabricated by LPBF, a scanning electron microscopy (SEM) 
with energy dispersive spectroscopy (EDS) was employed 
for observation and analysis. The microstructure of the alloy 
as observed through SEM is presented in Figure 4, while 
Figure 5 displays the EDS images of typical precipitates on 
the alloy surface. Table 3 provides the EDS analysis results 
of typical precipitates found on the surface of the alloy.

The experimental results show that the primary phase 
of AlSi10Mg alloy is composed of α-Al matrix phase and 
Si phase (see Figure 4a). The Si phase is reticular or fibrous 
and has a very fine layered eutectic structure. After solution 
at 500°C for 3h and aging at 150°C for 6h, the eutectic Si in 
the alloy began to spheroidize, resulting in the dissolution of 
fibrous eutectic Si. In addition, Si aggregates and transforms 
into blocky or coarse strip form. During aging treatment, 
due to low temperature, Si elements in the alloy precipitate 
to form nanoscale Si particles. These precipitates can act 
as barriers to grain growth, thus affecting the hardness and 
strength of the material. At the same time, some intermetallic 
compounds and segregation hardening phases are also 

Figure 4. SEM image of AlSi10Mg alloy by LPBF under different heat treatment processes. (a) as-received; (b) Solution treatment at 
500°C for 3h+ aging treatment at 150°C for 6h; (c) Solution treatment at 500°C for 3h+ aging treatment at 200°C for 3h.
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dissolved, resulting in significant microstructure changes. 
Remarkably, the previously very fine layered eutectic structure 
is now fully homogenized (see Figure 4b). Brandl et al.39 
also reported similar results after solution at 525°C for 6h 
and aging at 165°C for 7h. However, a large amount of Si 
phase structure is further precipitated. With the increase of 
solution temperature, the Si phase is dispersed more evenly 
in the α-Al matrix after spheroidization, and the grain size 
is finer and the distribution is more uniform (see Figure 4c).

According to Table  3, the majority elements labeled 
A and B (see Figure 5a) are Al elements, followed by C 
elements. Moreover, there is minimal disparity in the atomic 
content of Mg elements between the matrix and tissue in the 
deposition state. Additionally, a small quantity of Si element 
is present, while the matrix does not contain Sc element, 
indicating limited aggregation of Si phases in the deposited 
aluminum alloy. Following solid solution and aging treatment, 
Si phases began to spheroidize and irregularly aggregate into 
extensive homogenization37. The observed aggregated Si 
phases labeled C and D in Figure 5b, along with EDS analysis 
results shown in Table 3 indicate a substantial increase in 
Si element content within the aggregated matrix compared 
to that within the deposited matrix. This is consistent with 
previous microstructural analysis. Simultaneously, C element 
concentration within the aggregated structure is relatively 
lower than that within the deposited structure, suggesting 
reduction of C element alongside an increase in Si element 
during heat treatment processes.

Therefore, the above distribution results of alloying 
elements under different heat treatment conditions can be 
attributed to the following reasons: (1) During the heat 

treatment process, AlSi10Mg alloy typically undergoes solid 
solution treatment, wherein the alloy is heated to a specific 
temperature to dissolve Si, Mg, and other elements, forming 
a supersaturated solid solution. In this process, the C element 
may dissolve into the aluminum matrix, thereby reducing 
its content in the aggregated structure; (2) Subsequent to 
solid solution treatment, aging treatment may be applied to 
AlSi10Mg alloy, involving heating at a lower temperature 
to facilitate the formation of precipitated phases (such as Si 
and Mg2Si)40. Throughout this procedure, C element may 
precipitate or redistribute due to decreased solubility in the 
aluminum matrix, leading to a relative decrease in aggregate 
structure; (3) The increase in temperature during heat 
treatment can result in precipitation of Si element as larger 
particles within the alloy, altering its microstructure. This 
structural modification could lead to changes in C element 
distribution and consequently cause a relative decrease in 
aggregate structures.

In addition, the EDS elemental analysis at point E (see 
Figure  5E), exhibit higher concentrations of Mg and Al 
elements, lower levels of C elements, and significantly reduced 
amounts of Si elements (see Table 3). This is attributed to 
the partial dissolution and fragmentation of the original 
continuous Si phase in the eutectic during heat treatment, 
leading to morphologic changes characterized by predominantly 
regular large particles and some smaller particles with more 
rounded shapes. These particles are evenly dispersed within 
the α-Al matrix. This phenomenon is primarily a result of 
accelerated atom diffusion, particularly that of Si atoms, at 
elevated heat treatment temperatures. In the LPBF process, 
due to rapid cooling rates, the diffusion of Si element lags 

Figure 5. The EDS elemental analysis sampling diagram of AlSi10Mg alloy by LPBF under different heat treatment processes.

Table 3. EDS results of specific element proportion (wt.%).

Test Points
Elements

C Mg Al Si Sc
A 34.40 0.29 58.70 6.61 -
B 32.89 0.29 60.34 6.41 0.08
C 34.54 - 10.86 54.48 0.11
D 30.88 0.11 8.31 60.67 0.03
E 29 0.25 69.74 0.69 0.32
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behind, resulting in a supersaturated solid solution formation 
in α-Al which further enhances alloy strength41.

At the same time, Si and Mg2Si precipitate in the Al 
matrix, serving as the primary secondary phases in LPBF-
prepared AlSi10Mg alloy. This phenomenon contributes to 
enhancing the mechanical properties of the alloy. Despite 
C not being the principal alloying element in AlSi10Mg 
alloy, its presence as an impurity or trace alloying element 
can exert influence on the properties of the alloy. During 
heat treatment, precipitation of C may occur due to its low 
solubility in the Al matrix, thereby affecting both microstructure 
and properties of the alloy. In general, Sc, functioning as a 
micro-alloyed element, has potential to form high-strength 
scandium carbide or scandium nitride particles with Al42. These 
particles can serve as a means for precipitation strengthening 
and contribute to improving both yield strength and tensile 
strength of the alloy. Additionally, the element Sc has been 
found to enhance corrosion resistance of this particular alloy.

3.4. Hardness distribution
Based on the above analysis, there has been a noticeable 

alteration in the microstructure of the alloy. Hence, it holds 
significant importance to comprehend the correlation between 
microstructural changes and heat treatment processes through 
an examination of the hardness distribution in alloys. The 
depiction of hardness distribution on the surface of the 
alloy is illustrated in Figure 6 and Figure 7. The effect of 
temperature and time of aging treatment on the hardness 
of the alloy was systematically discussed in this paper. 
The results show that the appropriate aging treatment is 
an important factor to determine the hardness of the alloy. 
Among them, the average hardness of the deposited state 
is HV 143.6 (see Figure 6).

After heat treatment at 500°C for 3h, the average hardness 
reached HV 88.4 (see Figure 7). After heat treatment at 500°C 
for 3h and aging treatment at 150°C for 6h, the average 
hardness of the alloy decreased to HV 78.6 (see Figure 7). At 
the same time, by adjusting the solution treatment condition 
to 200°C and holding for 3h, the average hardness of the 
alloy was significantly increased to HV 91.7 (see Figure 7). 
This observation highlights a key point: even with extended 
aging time, at low aging temperatures, the precipitates 
inside the alloy may under nucleate and grow, limiting the 
hardness improvement. These data highlight the important 
role of temperature and time in adjusting alloy hardness 
during solution treatment and aging treatment. The proper 
heat treatment process not only helps to effectively nucleate 
and grow the precipitated phase, but also maintains a fine 
and uniform structure, which is the key to improving the 
hardness of the alloy43.

Additionally, aging treatment subsequent to solution 
treatment exerted a notable influence on the alloy hardness. 
For instance, with a heat treatment process involving solid 
solution treatment at 500°C for 3h followed by aging treatment 
at 150°C for 6h, the average hardness was HV 78.6. However, 
changing to aging treatment at 200°C for 3h under identical 
solid solution conditions resulted in a significant increase in 
average hardness to HV91.7. This indicates that even though 
the aging duration is prolonged, a lower aging temperature 
may hinder sufficient nucleation of precipitated phases within 

Figure 6. Hardness distribution of AlSi10Mg alloy as-received.

Figure 7. Hardness distribution of AlSi10Mg alloy by LPBF under 
different heat treatment processes.

the alloy, resulting in a hardness value lower than that of the 
alloy aged at a higher temperature. Furthermore, the research 
also revealed that at a solution temperature of 535°C, the 
microstructure of AlSi10Mg alloy underwent changes with 
increasing solution time, leading to accumulation and growth 
of eutectic Si phase. Consequently, the hardness of the alloy 
rapidly decreased from approximately HV 119 before solution 
to eventually stabilize at around HV 5744. This demonstrates 
that prolonged solution time leads to an increase in eutectic 
Si phase size and reduced density, consequently lowering the 
hardness of the alloy. It is found that the enhanced mechanical 
properties are mainly attributed to the newly formed ultrafine 
in-situ Mg2Si particles45.

In summary, solid solution treatment at 500°C for 3h 
followed by aging treatment at 200°C for an additional 
3h significantly enhanced the nucleation and growth of 
the precipitated phase. This process maintains a fine and 
uniform microstructure within the alloy, thereby increasing 
its hardness. These findings underscore the critical influence 
of temperature and duration during both solution treatment 
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and aging on the hardness of AlSi10Mg alloy. Subsequently, 
we examined the corrosion resistance of aluminum alloys 
subjected to various processing conditions.

3.5. Corrosion resistance
The Origin analysis and CHI760E series electrochemical 

measuring instruments were utilized to analyze the Tafel 
polarization curves of samples No. 1 to No. 4 subjected to 
various heat treatment processes (see Figure 8). The resulting 
data provided insights into the self-corrosion current density 
and potential. Analysis of the self-corrosion potential revealed 
that sample No. 3 exhibited the most positive potential, 
followed by samples No. 4, No. 1, and finally, sample No. 
2 with the most negative potential. The relationship of self-
corrosion current was observed as follows: sample No. 4 > 
sample No.1 > sample No .2 >sample No. 3, indicating 
that the self-corrosion current of sample No.3 is minimal in 
comparison. Table 4 presents Tafel fitting data for different 
heat treatment processes. Finally, it can be concluded that 
Sample No .3 demonstrates superior corrosion resistance 
owing to its solid solution treatment at 500°C for 3h combined 
with aging treatment at150°C for 6h.

The electrochemical impedance spectroscopy (EIS) was 
conducted using the CHI760E series electrochemical measuring 
instrument, and the resulting impedance diagram is presented 
in Figure 9. Analysis of the impedance fitting diagram in 
Figure 9 reveals that the low-frequency region exhibits a 
significantly larger impedance arc for sample No. 3 compared 
to other heat treatment processes. Specifically, sample No. 3 
underwent a solid solution treatment at 500°C for 3h followed 
by aging treatment at 150°C for 6h, which likely facilitated 
the formation of a more compact and protective oxide film on 
the alloy surface, thereby enhancing its corrosion resistance. 
In EIS results, the low-frequency impedance arc reflects the 
charge transfer step of the corrosion process, encompassing 
charge transfer at the metal-electrolyte interface and potential 
electrochemical reactions. Consequently, a greater low-
frequency impedance arc indicates a higher energy barrier 
in this process, often associated with superior corrosion 
resistance of alloys. In summary, EIS results demonstrate 
that sample No. 3 exhibits enhanced electrochemical stability 
and corrosion resistance following specific heat treatments. 
Thus subsequent experimental discussions will focus on 
solid solution treatment and aging treatment.

In order to further investigate the corrosion resistance of 
AlSi10Mg alloy through heat treatment, the corrosion behavior 
of AlSi10Mg alloy in a simulated marine environment was 
assessed using neutral salt spray test (SST). In accordance 
with china standard GB/T10125-2012 “Salt Spray Test for 
Artificial Atmosphere Corrosion Test”(China), the corrosion 
of samples after salt spray test was evaluated. During the 
72 hour neutral salt spray test of AlSi10Mg alloy, different 

heat treatment processes exhibited significant effects on its 
corrosion resistance.

The surface of the untreated alloy displayed continuous 
white rust and black spots, possibly attributed to uneven 
formation of corrosion products and pitting phenomena on 
the alloy surface (see Figure 10a). Upon treatment at 500°C 
for 3h, the alloy exhibited a substantial presence of white 
rust and severe pitting, along with numerous black spots on 
its surface (see Figure 10b), indicating inadequate corrosion 
resistance. In contrast, following a heat treatment process 
involving solid solution treatment at 500°C for 3h followed 

Figure 8. Tafel curves of AlSi10Mg alloy by LPBF under different 
heat treatment processes.

Table 4. Tafel fitting data of AlSi10Mg alloy by LPBF under different heat treatment processes.

Samples Self-etching current icorr(A/cm2) Self-corrosion potential Ecorr(V)
1 8.117×10-7 -0.6639
2 6.579×10-7 -0.7079
3 3.528×10-7 -0.6536
4 9.748×10-7 -0.6603

Figure 9. Impedance diagram (EIS) of AlSi10Mg alloy by LPBF 
under different heat treatment processes.
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by aging treatment at 200°C for 3h, the alloy displayed 
reduced occurrences of black spots and white rust on its 
surface (see Figure  10d), suggesting an enhancement in 
its corrosion resistance. Notably, when subjected to a heat 
treatment process comprising solid solution treatment at 
500°C for 3h followed by aging treatment at 150°C for 6h, the 
alloy demonstrated minimal surface corrosion, characterized 
only by limited instances of black aggregation pitting and 
negligible white rust (see Figure 10c), signifying superior 
corrosion resistance.

These findings underscore that appropriate heat treatments 
can effectively enhance the corrosion resistance of AlSi10Mg 
alloy, particularly through a combination of solution treatment 
at 500°C for 3h followed by aging treatment at 150°C for 
6h. This specific thermal processing regimen may facilitate 
the development of a denser and more protective oxide 
film on the alloy’s surface, thereby augmenting its overall 
corrosion resistance.

4. Conclusion
The microstructures and properties of AlSi10Mg alloy 

fabricated by LPBF under various heat treatment processes 
were systematically investigated. The results revealed that 
the microstructures, hardness and corrosion resistance of 

AlSi10Mg alloy exhibited distinct variations in response 
to different heat treatment processes.

(1)	 When the solution at 500°C for 3h and aging at 150°C 
for 6h was used, the AlSi10Mg alloy fabricated by 
LPBF has the smallest surface roughness. The Ra 
value is only 5.17nm, and has the highest corrosion 
resistance. And its average hardness is also the 
lowest, with an average hardness of HV 78.6.

(2)	 With the increase of aging treatment temperature, the 
hardness of AlSi10Mg alloy increased significantly. 
After solution treatment at 500°C for 3h and aging 
treatment at 200°C for 3h, the average hardness of 
AlSi10mg alloy was the highest (HV 91.7). At this 
time, the effect of spheroidization results in more 
uniform dispersion of Si phase in α-Al matrix, 
smaller grain size, and higher hardness and corrosion 
resistance.

(3)	 After undergoing solution treatment at 500°C for 
3h and aging treatment at 150°C for 6h, AlSi10Mg 
alloy fabricated by LPBF exhibited a reduced and 
more uniform grain size. And the self-corrosion 
potential (Ecorr) of the alloys was measured to 
be -0.6536V, with a corresponding self-corrosion 
current (icorr) of 3.528×10-7A/cm2.

Figure 10. Salt spray test (72h) of AlSi10Mg alloy by LPBF under different heat treatment processes. (a) as-received; (b) Solution 
treatment at 500°C for 3h+ aging treatment at 150°C for 6h; (c) Solution treatment at 500°C for 3h+ aging treatment at 200°C for 3h.
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(4)	 The results from the 72 hour neutral salt spray test 
demonstrate that properly heat-treated alloys exhibit 
superior corrosion resistance. Therefore, the low-
temperature, short-time aging heat treatment is an 
effective method for optimizing the properties of 
AlSi10Mg alloy fabricated by LPBF, achieving a 
balance between strength, elongation, and hardness.
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