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Abstract: 

This study focuses on the effect of heat treatments on the microstructure and corrosion behaviour 

of additive manufactured AlSi10Mg specimens. Non heat treated, artificially aged and stress 

released specimens were studied. The microstructure showed an evolution from cellular aluminium 

cells surrounded by a 3D network of fibrous eutectic silicon phase to coarse separated silicon 

particles. The corrosion behaviour was found to change with the heat treatments. Untreated and 

artificially aged specimens showed superficial corrosion attacks with microcrack formation while 

stress released specimens showed penetrating attacks without microcrack formation. Mechanisms 

were proposed for the microstructure evolution and the different corrosion behaviours. 
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1. Introduction 

Additive manufacturing (AM) is a technique in which functional parts are build layer by layer. The 

components are made by the addition instead of the removal of material. AM has significant 

benefits when compared to traditional manufacturing methods, such as the production of complex 

geometries using a minimum amount of material. Selective laser melting (SLM) is one of the 

additive manufacturing techniques used for the production of metal components. It utilizes a high-

power laser to generate the heat necessary for the local and selective melting of successive layers 

of a powder bed. By melting the powder layers on top of each other, dense parts are generated as 

successive layers are effectively welded together. The powder bed acts as support for the part that 

is being produced, reducing the number of supporting structures needed[1,2]. 

AlSi10Mg is a widely used alloy characterized by its good castability, weldability, hardenability 

and corrosion resistance. The alloy finds use in the automotive, aerospace and domestic industries 

due to a good combination of high specific strength, good mechanical properties and high heat 

conductivity[3,4]. The AlSi10Mg alloy has a near eutectic composition, reducing the melting 

temperature (600-555°C) compared to pure aluminium (660°C)[2] and allowing near simultaneous 

solidification of all phases. This increases the resistance against thermal cracking, enhances 

weldability and facilitates the processing with laser based techniques such as SLM.[2] Alloying 

magnesium into to the Al-Si alloy enables Mg2Si precipitates to be formed when exposed to natural 

or artificial aging treatments, significantly strengthening the matrix[3].  

The composition and microstructure have a large impact on the corrosion behaviour of a metal. 

The unique process conditions during the SLM process result in a distinct microstructure. Small 

melt pools are formed during the melting and these solidify rapidly due to the high cooling rates 

(≈105 K/s)[5] reached during the process. This promotes the formation of a very fine microstructure, 

far from equilibrium. AM AlSi10Mg have a cellular microstructure consisting of a supersaturated 

primary Al-rich phase with residual Si segregated at the cellular boundaries[5]. The aluminium 

cells are face centred cubic and are surrounded by the silicon phase[4]. Thermal gradients and grain 

growth rates vary over the melt pools. At the centreline of the melt pool, they are highest, giving 

very fine features. They decrease when going towards the melt pool borders, giving lower cooling 

rates and resulting in a coarser cellular structure at the melt pool borders. This change in cell size 

is what makes it possible to distinguish the melt pools at a macroscopic scale[4]. Outside of the 

melt pool, a region exists where the material is affected by the heat of the laser passing and creating 

the adjacent melt pool, it is called the heat affected zone (HAZ). Here the intercellular network is 

broken up into idiomorphic particles due to an increase in the diffusion rate of silicon[4]. Revilla 

et al[6] found that crystallographic pitting develops preferentially in the alpha-Al grains at the melt 

pool border and spreads from there to adjacent zones. Volta potential analysis showed that the 

Volta potential difference between the Al and Si phases increases for larger cell sizes, increasing 

susceptibility to galvanic corrosion. As the cell size is larger at the melt pool border, this explained 

why corrosion attacks arise there.  

Due to the rapid melting and resolidification of the metal during the AM process, thermal stresses 

are introduced into the material[7]. The outer parts of the melt zone have a higher cooling rate than 

the bulk of the melting track, resulting in a differential in thermal compression and leading to 



residual stresses[8]. The residual stresses are concentrated in the HAZ and at grain boundaries[9]. 

These residual stresses can induce warpage and give a reduced fatigue resistance. To mitigate these 

effects, stress release heat treatments are commonly performed[10]. Other possible heat treatments 

include artificial aging for age hardening and high temperature thermal annealing for promoting 

the coalescence of second phases and the uniformity of their distribution[11]. To prevent the 

deterioration of mechanical properties, no annealing step is performed before the artificial 

aging[12]. 

Heat treatments affect the microstructure of a metal and will thus have an effect on the corrosion 

behaviour as well. Several studies were done on the effect of heat treatments on the microstructure 

of AM AlSi10Mg. An evolution of an interconnected fibrous Si network to disconnected coalesced 

Si precipitates was noticed[13,14],[15]. Prashant et al[5] investigated the corrosion rate of AM 

specimens after annealing at 473, 573, 623, 673 and 723 K for 6 hours. They found that the 

corrosion resistance is reduced for higher heat treatments and coupled this to the loss of 

connectivity between the Si particles. Cabrini et al[11] studied the effect of a 573K stress release 

for 2 hours and an annealing at 823K for 4 hours on the corrosion behaviour. They found that for 

untreated and stress released specimens the corrosion attack is local and penetrating selectively at 

the melt pool borders. After the heat treatment at 823K the specimens showed clear galvanic 

coupling between coalesced Si particles and the surrounding aluminium matrix, with localized 

corrosion occurring in the surrounding Al matrix but without penetrative attacks. In another 

study[16] they found that specimens that were stress released in the range of 200-300°C became 

susceptible to selective corrosion attacks at melt pool borders, with maximum intensity of attack 

after the stress release at 300°C.  

Clearly there is a relation between the corrosion morphology and the prior heat treatment of the 

material. In the current work this relation is studied and a mechanism is proposed to describe the 

corrosion initiation and propagation related to the microstructural evolution during heat treatment.  

It focuses in particular on the role of the melt pool borders in the corrosion mechanism, on the 

microstructure evolution in the vicinity of melt pool borders and on how the changed 

microstructure affects the corrosion mechanism. 

2. Materials and Methods 

2.1. Specimens 

The AM samples were fabricated by selective laser melting from LaserForm AlSi10Mg powder. 

The specifications of the powder used are given in Table 1. A ProX DMP 320 machine was used 

for the AM process. The process was executed with a 500 W laser power in an argon atmosphere, 

resulting in an oxygen content below 50 ppm. A laser energy density of 51 J/mm3 was used for the 

sample preparation. No post heat treatments were applied on the AM specimens in the SLM 

chamber. Three separate types of heat treatments were performed. A first treatment is an artificial 

aging at 170°C for 6 hours (AA170). The second treatment is a stress release at 300°C for 2 hours 

(SR300). For the third treatment a more moderate temperature was chosen for the stress release 

treatment: 250°C for 2 hours (SR250). In this way 4 different types of AM specimens are studied; 

non heat treated (NHT), AA170, SR250 and SR300. All the specimens were mechanically ground 

and polished, finishing with 0,04 µm standard colloidal silicon suspension (OP–S). 



Chemical composition (wt%) 

Ti Sn Pb Zn Ni Mn Cu Fe Mg Si Al 
<0.15 <0.05 <0.05 <0.10 <0.05 <0.35 <0.10 <0.55 0.20-0.45 9.00-11.00 Remainder 

Table 1: Chemical composition specifications of the LaserForm AlSi10Mg powder used to 

fabricate the samples. 

2.2. Electrochemical measurements 

Anodic polarization and open circuit potential measurements were performed using an AUTOLAB 

Potentiostat–Galvanostat (PGSTAT 302N). The setup consisted of a three-electrode cell 

configuration with a platinum counter electrode, a saturated Ag/AgCl reference electrode (210 ± 

15 mV vs SHE) and the specimen acting as the working electrode. A 0,1 M NaCl solution was used 

as the electrolyte and the tests were performed at room temperature. After immersion in the NaCl 

solution the OCP was monitored with a measuring interval of 0,1 s during one hour, allowing OCP 

determination and stabilization before potentiodynamic testing. The anodic polarization was 

performed with a scan rate of +0.1 V/min from 10 mV below the OCP to 1,6V above the OCP. An 

automatic current range was selected between 10 and 1 A. The potentiodynamic curves were 

obtained using freshly polished surfaces. 

2.3. Specimen characterization 

The corrosion morphology and microstructure were characterized by using optical microscopy and 

SEM. Optical microscope images were obtained at several magnifications using a Leitz Metallovert 

optical microscope. A FE-SEM JEOL JSM–7100F was used to take the SEM images with a 15 kV 

acceleration voltage, a 5 pA probe current and a working distance of 10 mm. Additionally, EDS 

mapping was performed with a 5 kV acceleration voltage, a 2 nA probe current and a working 

distance of 10 mm. In order to study the microstructure of the specimens, the polished specimens 

were etched using Keller’s reagent. Topography and potential mapping were carried out by means 

of SKPFM.. These measurements were performed in ambient conditions with a Park Systems XE-

100 atomic force microscope. Rectangular conductive cantilevers, ANSCM-PT from AppNano, 

with a Pt/Ir coating, a resonant frequency of 50 –70 kHz and a spring constant of 1–5 N/m were 

used. The scans were performed on 20x20 μm2 areas with a 0,2 Hz scan rate. No etching was 

performed prior to the SKPFM measurements or the EDS analysis. 

3. Results 

3.1 Microstructural characterization 

Figure 1 shows optical images that reveal the surface of specimens that were polished in the plane 

perpendicular (XY) to the building direction (Figure 1a) and the plane parallel (XZ) to the building 

direction (Figure 1b). The melt pool borders from the laser source can be clearly seen. Examples 

of these laser tracks are denoted with discontinuous lines. Figure 2 depicts SEM images that show 

the effect of the heat treatments on the microstructure. All the images shown were taken in the 

vicinity of a melt pool border in order to show the microstructure evolution in the different regions 

of the sample. Before the application of heat treatments, aluminium cells surrounded by a relatively 

continuous, fibrous eutectic silicon network are visible (Figure 2a). After the AA170 treatment, 

no significant changes in microstructure are observed (Figure 2b). In both cases, the larger 



microstructure at the melt pool borders is noticed. The stress releases have a more profound impact 

on the microstructure. After a SR250 treatment there is a perturbation of the fibrous Si network 

(Figure 2c). It is observed that the network starts to break up into separate precipitates, with larger 

precipitates at the melt pool border. Upon increasing the temperature of the stress release to 300°C, 

the impact becomes more drastic. A breakdown of the Si network into separate, coarse particles is 

observed at the surface (Figure 2d). Again, larger Si precipitates are present at the melt pool border. 

There is thus an evolution from a relatively continuous fibrous Si network (NHT and AA170) to a 

(partially) broken network (SR300). The SR250 treatment presents an intermediate case where 

breakup was initiated but not completed. Regardless of the applied treatments, a coarser 

microstructure is retained at the melt pool borders. 

Figure 3 shows SEM images with the corresponding elemental composition maps obtained by EDS. 

The images show the inside of a melt pool of a NHT specimen (Figure 3a), the melt pool border of 

a NHT specimen (Figure 3b) and the surface of a SR300 specimen (Figure 3c). Aluminum and 

silicon rich phases can be clearly distinguished. Figure 3a shows the fine cellular structure 

corresponding to the inside of a melt pool of a NHT specimen. The aluminum-rich cells and silicon-

rich network can be clearly distinguished while the magnesium is finely dispersed. A different 

situation arises at the melt pool border, shown in Figure 3b. The larger cell sizes resulting from the 

lower cooling rate during the production process can be observed, as well as the heat affected zone. 

The distribution of magnesium is different here. In the melt pool border there appears to be some 

slight accumulation of magnesium in the silicon phase. This could indicate the possible formation 

of Mg2Si precipitates, although to the best knowledge of the authors the formation of these 

precipitates has not been confirmed for AM material in literature. A change in distribution of 

magnesium occurs after the stress release at 300°C as can be seen in Figure 3c. After the stress 

release at 300°C there appears to be a slight accumulation of magnesium in some of the silicon 

precipitates. This was the case for all the regions analyzed, not only for melt pool borders. 

Furthermore, EDS reveals that while the heat treatment has largely coarsened the silicon network 

into separate precipitates, some interconnection remains below the surface. 

3.2 Electrochemical test 

The open circuit potential was stabilized for 60 minutes before performing anodic polarization. 

The evolution of the OCP with time during stabilization is shown in Figure 4a. No large differences 

in value of OCP are observed, all the values stabilize around -0,65 V with respect to the Ag/AgCl 

electrode. This is probably because even if the microstructure has changed, the global composition 

remains the same. This is evidenced as the same value of OCP was found in a previous work for 

the cast alloy[6]. The cast alloy and AM material have a vastly different microstructure but 

ultimately reach the same value for the OCP. Figure 4 shows anodic polarization curves. The 

anodic current increases rapidly upon increasing the applied voltage, giving increased rates of 

metal dissolution. A spread in anodic polarization data is observed, with one of the specimens 

showing a passive region between -0.65 and -0.50 V with respect to the Ag/AgCl electrode. A very 

similar spread in data, within the same current density range, was observed in a previous work for 

NHT specimens[6]. In addition, passive regions were sometimes found to appear[6,17]. As a result, 

this dispersion in the data is thought to be inherent to the AM specimens and is attributed to 

possible differences in the specific polished surface. These may have different density of melt pool 



borders or porosity level at each analysed surface, which can therefore affect the degree of surface 

activity. 

3.3 Characterization of corrosion morphology 

Morphological and microstructural analysis was carried out after anodic polarization tests and after 

immersion tests at OCP, in chloride solution open to the surrounding air. 

3.3.1 LSV 

Figure 5 shows a representative selection of images showing the corroded surface of the specimens 

after anodic polarization. The corrosion on the NHT specimen (Figure 5a) shows broad superficial 

attacks, with the underlying Si network exposed by the corrosion. Several cracks are visible, 

positioned in the heat affected zone next to the melt pool borders. The same phenomenon was 

observed in previous studies[6]. Similar behaviour was obtained for the AA170 specimen (Figure 

5b). Corrosion seems to be initiated at the melt pool borders, as was already observed for NHT 

specimens in our earlier work[6]. However, a different corrosion morphology was obtained after 

stress release. Penetrative attacks with an absence of crack formation were observed for the SR300 

specimen (Figure 5d). This corresponds well with the work of Cabrini et al[16], where a similar 

change from superficial to penetrating attack was noticed after stress release. An intermediate case 

was found for the SR250 specimens (Figure 5c), showing both, the superficial and penetrative 

corrosion morphology. The superficial attacks coincided with specimens where the Si network 

remained continuous while the penetrative attacks coincided with specimens where the Si network 

was broken. The intermediate case of the SR250 specimen, which shows both types of corrosion 

morphology, coincided with a microstructure that is an intermediate of the other two. 

3.3.2 Immersion at OCP 

To have a more natural occurrence of corrosion, immersion tests were performed at OCP. Figure 

6 gives optical images of the surface of corroded specimens. For the SR250 and SR300 specimens 

(Figure 6c-d), traces corresponding to the melt pool borders become visible. This seems to indicate 

that after the stress release the corrosion is initiated preferentially at and is mostly limited to the 

melt pool borders. For the NHT and AA170 specimens (Figure 6a-b) traces of the melt pool borders 

are not revealed. A closer look is achieved using SEM, resulting in the representative selection of 

images given in Figure 7. The NHT and AA170 specimens again show the broad, superficial 

corrosion morphology where aluminium has dissolved and the silicon network remains visible (see 

Figure 7a-b). Cracks can be more easily observed than in Figure 5a-b. It is seen that the cracks 

occur mainly next to the melt pool border, in the heat affected zone where the Si network is locally 

perturbed. For the SR250 and SR300 specimens, the deep penetrating corrosion morphology is 

observed (Figure 7c-d). In both cases the underlying silicon network becomes exposed. This occurs 

broadly in the case of an intact network (NHT and AA170) and locally in the case of a (partially) 

disconnected network (SR300). Figure 7d reveals that there is still some connectivity of the silicon 

phase, as can also be seen in the EDS map (see Figure 3c). In all cases the melt pool borders appear 

to be the preferential initiation sites of corrosion. In the case of a broken silicon network the 

corrosion seems to be mostly limited there while for a continuous silicon network it appears to 

spread further from the melt pool borders. 



3.4 Volta potential analysis by SKPFM 

To explain why corrosion occurs preferentially at the melt pool borders, SKPFM measurements 

were performed. Figure 8 shows the topography and corresponding Volta potential maps of an 

area on the surface of a polished XY-NHT specimen. The map is centred around a melt pool border, 

denoted by the discontinuous lines. The aluminium phase (dark) and the silicon phase (lighter) are 

easily distinguishable. It can be observed that the aluminium cells and the silicon phase 

surrounding them are both larger at the melt pool border than inside the melt pools. In the 

corresponding Volta potential map (Figure 8b) the surface potential with respect to a metal probe 

is given. Thus, the measured potentials are not the actual electric potentials but the variations in 

potential are real differences. It can be observed that the potential of the aluminium phase is lower 

than the potential of the silicon phase. On comparing the potential at the melt pool border and 

inside the melt pool, it is seen that the aluminium has a lower potential (darker) and the silicon a 

higher potential (lighter) at the melt pool border than inside the melt pool. As such, the potential 

differences are larger at the melt pool border than outside of it. This can be more clearly seen in 

the potential line scan in Figure 8c, showing that the potential difference is about 120 mV higher 

at the melt pool border. This was previously observed for NHT specimens by Revilla et al [6]. 

Figure 9 shows the topography and potential maps of an area on the surface of a polished XY-

SR300 specimen. A different metal probe was used for the potential mapping giving different 

values for the potential, though potential differences can still be compared. The larger sized coarse 

Si particles of the melt pool border are clearly visible at the right of the discontinuous line. Even 

though the microstructure has severely changed due to the heat treatment, the larger size of the Si 

crystals at the melt pool border persists. Higher potential differences are observed there than 

elsewhere. The effect at the melt pool border is similar than obtained for the NHT specimen, 

amounting to a 100 mV difference between melt pool and melt pool border according to the line 

scan in Figure 9c. The SKPFM measurements thus show that the most active regions are at the 

melt pool borders, before and after application of the heat treatments. There, the microstructure is 

larger, which can influence the Volta potential value of each phase[6]. However, there could also 

be a contribution from the slight accumulation of magnesium at the melt pool border. 

4. Discussion 

4.1 Microstructure evolution 

Upon heating, the microstructure shows an evolution from an interconnected network of fibrous 

eutectic Si grains (NHT and AA170), towards coarse Si particles (SR300). In the initial 

microstructure, magnesium has a mostly uniform distribution (see Figure 3a). An exception to this 

is found at the melt pool border, where a slight accumulation of magnesium in the silicon phase 

can be observed (see Figure 3b). This is most likely a result of the lower cooling rate[4] encountered 

at the melt pool border during the selective laser melting process. After stress release, the 

distribution of magnesium becomes less uniform, showing accumulation in some of the silicon 

precipitates (see Figure 3c). This is no longer limited to the melt pool borders but can be observed 

all over the specimen. Nevertheless, whether the magnesium is present as solid solution in the 

silicon or as Mg2Si precipitates requires further study. The driving force for all these changes is the 

initial microstructure being out of equilibrium. An intermediate situation exists where the Si 



network is starting to break up (SR250). A similar evolution in microstructure was obtained by 

Yang et al[15] after heat treating at higher temperatures for shorter periods of time. No cracking is 

observed after either of the stress releases. This indicates that the presence of residual stresses in 

the material is an important factor in crack formation, together with the dissolution of aluminium 

after corrosion and the broken network at the HAZ. A mechanism is proposed to describe the 

microstructure evolution near a melt pool border.  

The model is given in Figure 10. Figure 10a shows the initial situation, with a still intact Si network. 

It is the microstructure that was seen for the NHT (Figure 2a)  and AA170 (Figure 2b) specimens. 

It shows the aluminium cells surrounded by the 3D fibrous silicon network. In order to reduce the 

surface free energy at the silicon/aluminium interface, the Si network starts to break up into 

separate precipitates (Figure 10b). This is the kind of behaviour that is visible for the SR250 

specimens (Figure 2c). The formed precipitates are larger at the melt pool border, where the silicon 

phase was initially larger. This is thought to be a result of increased precipitation of silicon at the 

melt pool borders due to the thermal gradients encountered during the solidification in the additive 

manufacturing process. Upon further heating, the spheres grow by Oswald ripening, larger 

precipitates swallowing up smaller ones. The end result is given in Figure 10c, with large coarse 

Si precipitates at the melt pool border and smaller precipitates in between. This corresponds with 

what was seen for the SR300 specimens (Figure 2d). A similar model was described by li et al[13]. 

Although that model does not clearly state the intermediate evolution nor does it give the evolution 

at the melt pool borders. 

4.2 Corrosion morphology 

The corrosion behaviour can be linked to the microstructure evolution. Mechanism are proposed 

for two specific cases; one for when the Si network is intact and residual stresses remain and one 

for when the network has been (partially) broken and the residual stresses have been released. The 

schematics represent cross-sections with the top part corresponding to the corroded surface. The 

first mechanism for when the Si network retains its integrity is given in the top 4 images of Figure 

11. It is representative for the NHT and AA170 specimens. The corrosion initiates at the melt pool 

border where the cell size is largest (Figure 11a). This is evidenced by the AFM scan seen in Figure 

8. The potential difference between the Al and Si phase is highest at the melt pool border, 

representing therefore a larger driving force for galvanic corrosion. This is most likely a result of 

the larger microstructure[6]. However, there might be also a slight contribution from the slight 

accumulation of magnesium in the silicon phase at the melt pool border. After initiation, the 

corrosion spreads but is hindered by the presence of the Si network. The propagation is thus 

hindered from going deeper and the corrosion occurs mainly superficially, not in depth (Figure 

11b). Due to the presence of residual stresses combined with the exposure of the silicon network 

after corrosion a micro-crack might initiate at the heat affected zone where the network is weaker, 

breaking the Si network and allowing corrosion to spread further in depth along the crack (Figure 

11c). The end result is a broad, superficial corrosion spreading around melt pool borders, with some 

cracks present in the heat affected zone next to them (Figure 11d). The same behaviour was 

reported by us in previous studies[6,17].  



The mechanism changes when the Si network is perturbed and the residual stress is relieved, such 

as is the case for the SR300 specimens. The second mechanism is given in the bottom 4 images of 

Figure 11. The initiation will still occur preferentially at the melt pool border as the coarse silicon 

particles are largest there (Figure 11e). This is evidenced by the AFM scan in Figure 9. After 

initiation, the corrosion will now propagate mainly in depth as it is no longer hindered by the Si 

network (Figure 11f-h). The silicon phase will cause the preferential dissolution of the adjacent 

aluminium matrix. If present, Mg2Si precipitates near the silicon phase might enhance this 

dissolution. It is known from earlier research[18,19] that magnesium reduces the corrosion 

resistance, with corrosion progressing by preferential dissolution of the aluminium phase adjacent 

to Mg2Si precipitates. It should be noted that while the EDS mapping suggests the possible 

formation of these precipitates, this has not been confirmed in literature for AM materials (to the 

best of our knowledge). No cracking is observed after corrosion attack as there are no more residual 

stresses. The end result is a more localized, penetrating corrosion attack that occurs preferentially 

at the melt pool borders.  

Intermediate cases can exist depending on the degree that the Si network is broken and on how 

much the residual stress has been relieved. An example of this is for the stress release at 250°C for 

2h, where the Si network is perturbed but not to the same degree as after a stress release at 300°C. 

In this case both superficial corrosion and penetrating attacks can be observed, though without the 

occurrence of micro-cracks due to the residual stress being released. This kind of behaviour was 

indeed observed after anodic polarization and can be seen in Figure 5c. 

5. Conclusion 

In this work the effect of heat treatments on the microstructure and corrosion behaviour of additive 

manufactured AlSi10Mg was studied. The results of this research are summarized as follows: 

• Before application of a heat treatment, the microstructure consists of a 3-dimensional 

network of fibrous silicon crystals surrounding the cellular aluminium phase. The artificial 

aging at 170°C for 6 hours does not have a profound impact on this microstructure. A stress 

release at 250°C for 2 hours causes the silicon network to initiate break-up into separate 

particles. By increasing the temperature of the stress release to 300°C, the break-up is more 

complete and separate coarse silicon particles are formed.  

 

• The untreated material shows a larger microstructure at the melt pool borders. The cellular 

grains are larger and there is more of the surrounding silicon phase. Despite the heat 

treatments changing the microstructure, larger silicon phases are always retained at the 

melt pool border. The reason for this is thought to be an increased precipitation of silicon 

at the melt pool borders due to the thermal gradients encountered during the solidification 

in the additive manufacturing process. A model was proposed to describe the 

microstructure evolution in the vicinity of a melt pool border. 

 

• While magnesium shows a fine distribution in most of the untreated material, at the melt 

pool border there appears to be a slight accumulation of magnesium in the silicon phase. 

After stress release at 300°C, a slight accumulation occurs in some of the silicon 



precipitates. This is no longer limited to the melt pool borders but is observed all over the 

specimen. These results indicate the possible formation of Mg-Si precipitates. 

 

•  Differences in the morphology of the corrosion attacks were found for the different 

specimens. The behaviour was found to depend on how the morphology of the silicon was 

affected by the heat treatments. The NHT and AA170 specimens, which have an intact 

silicon network, showed a superficial corrosion attack with the formation of microcracks 

in the heat affected zone near melt pool borders. The SR300 specimen, where the silicon 

network has broken up into separate coarse precipitates, showed a more deeply penetrating 

corrosion attack that is also preferentially initiated at the melt pool borders. The SR250 

specimen, which has a silicon network that is perturbed at multiple places, showed both 

the superficial and deeply penetrating attacks. No cracks were observed in this case, 

indicating that the formation of microcracks is related to residual stresses in the material 

that have not been released. 

 

• SKPFM measurements show larger potential differences between the aluminium and 

silicon phases at the melt pool borders than within the melt pools. This was found for both 

the NHT and SR300 specimens, despite having a large difference in microstructure. The 

larger potential difference gives a larger driving force for galvanic coupling. It indicates 

that corrosion attacks occur preferentially at melt pool borders.  

 

• Two mechanisms were proposed for the two distinct corrosion behaviours. Both 

mechanisms start with the initiation of the corrosion at the melt pool border, as was 

evidenced by the SKPFM analysis. A first mechanisms was proposed for intact silicon 

networks (NHT and AA170). It explains the superficial corrosion with crack formation. A 

second mechanism was proposed for a silicon network that is broken up into coarse silicon 

precipitates (SR300). This model describes the more local penetrating attack.  
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Figures: 

 

Figure 1: Optical images of the surface of AM material. a) surface perpendicular to the building 

direction (XY) and b) surface parallel to the building direction (XZ) 

 

Figure 2: SEM images of AM surface near a melt pool border. Specimens: a) no heat treatment 

(NHT), b) artificially aged at 170°C for 6h (AA170), c) stress released at 250°C for 2h (SR250) 

and d) stress release at 300°C for 2h (SR300). 



 

  

Figure 3: SEM images with corresponding elemental composition maps for a) the inside of a melt 

pool (MP) of a non heat treated specimen (NHT), (b) the melt pool border (MPB) of a NHT 

specimen and (c) the surface of a specimen stress released at 300°C for 2h (SR300). 

 



 

Figure 4: Open circuit potential evolution with time (a) and anodic polarization curves (b). XY 

indicates the tested surface was perpendicular to the building direction, XZ indicates the tested 

surface was parallel to the building direction and CA stands for cast alloy. 

 

Figure 5: Secondary electron images of corroded areas in the additive manufactured specimens 

after anodic polarization. Specimens: a) non heat treated (NHT), b) artificially aged at 170°C for 

6h (AA170), c) stress released at 250°C for 2h (SR250) and d) stress release at 300°C for 2h 



(SR300). XY or XZ planes were randomly chosen since they show the same behaviour. The arrows 

indicate examples of cracks next to a melt pool border. 

 

Figure 6: Optical images of corrosion attack after immersion in 0,1 M NaCl solution. The images 

are for a) NHT, b) AA170, c) SR250 and d) SR300 specimens. Examples of melt pool borders are 

denoted by the discontinuous line. 



 

Figure 7: Secondary electron images of corroded areas in the additive manufactured specimens 

after immersion in a 0,1M NaCl solution. Specimens: a) non heat treated, b) artificially aged at 

170°C for 6h, c) stress released at 250°C for 2h and d) stress release at 300°. The discontinuous 

lines indicate the edge of the melt pool border facing the melt pool. 

 

 

Figure 8: a) Topography and b) Potential (CPD) map of an area in the XY surface of a non heat 

treated additive manufactured specimen. c) Potential profile of the line represented in the potential 

map. The discontinuous lines delimit the melt pool border. 



 

 

Figure 9: a) Topography and b) Potential (CPD) map of an area in the XY surface of an additive 

manufactured specimen having undergone a stress release treatment at 300°C for 2 hours. c) 

Potential profile of the line represented in the potential map. The discontinuous lines delimit the 

melt pool border. 

 

Figure 10: Model describing the evolution of the microstructure. It shows: a) initial microstructure, 

b) break-up into separate precipitates and c) agglomeration due to Oswald ripening.  

 



 

Figure 11: Mechanism showing the corrosion evolution for 2 separate cases: One for when there 

is a connected silicon network (a to d) and another for when the silicon forms separate precipitates 

(e to h). Green is used to denote the aluminium phase and black is used for the silicon phase. The 

images represent cross-sections of corroded specimens, with the top of the figures corresponding 

to the corroded surface. 


