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a b s t r a c t 

Elemental powders or pre-alloyed powders can be blended to form a powder stock with new compositions. In- 

situ alloying of blended powder mixtures during LPBF processing speeds up the alloy development process as it 

allows composition adjustment. Pre-alloyed powder is typically used in industrial settings to ensure consistency 

of the built material, whereas blended powders are used to experiment with new alloy compositions. In this 

research, we compare a range of binary alloy compositions built from blended elemental powder and pre-alloyed 

powder to evaluate how the feedstock powder affects the built material. The alloy is a lightweight alloy with a 

low coefficient of thermal expansion, comprised of Al and Si. The following compositions were formed by mixing 

pure Al and Si powder: AlSi38, AlSi40 and AlSi42, and pre-alloyed AlSi40 powder was also used. 

Parametric studies were performed for both the blended and pre-alloyed powders. It was found that the 

optimum process parameters for the blended and pre-alloyed powder were different. The line energy for pre- 

alloyed powder was selected to be 0.150 J/mm (300 W, and 2000 mm/s) which yielded a density of 99.5% of 

the theoretical density. The optimal density for the blended powders was 99.07-99.16% which was also achieved 

with 0.150 J/mm (375 W, 2500 mm/s). The alloys are brittle, with Young’s modulus 86-99 GPa. Coefficient of 

thermal expansion (CTE) reduced with increasing Si content, material built from pre-alloyed powder had 5% 

higher CTE than material built from blended powder. 
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. Introduction 

Hypereutectic AlSi alloys are a focus of research interest due to the

ow coefficient of thermal expansion (CTE) that can be achieved through

igh silicon content. Laser powder bed fusion (LPBF) has expanded the

bility to process these alloys which were typically limited to processes

uch as spray deposition and casting. LPBF processing with blended

owders has been used to develop and optimise the compositions of

ovel hypereutectic AlSi alloys. In this study, an alloy with low CTE

nd low density is developed, the in-situ alloying method can be used

o further tailor the CTE and mechanical properties to specific applica-

ions such as components for aerospace. This approach allows a more

exible approach to alloy development as the concentrations of the al-

oy components can be quickly tailored without incurring additional

osts, and delays and costs caused by manufacturing pre-alloyed pow-

ers are eliminated. However, in industrial settings pre-alloyed pow-

ers are typically used. This work evaluates the validity of in-situ al-
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oying for material development, by assessing how the powder alloy-

ng method affects the thermal and mechanical properties of LPBF built

aterial. 

.1. Background to hypereutectic AlSi alloys 

Hypereutectic AlSi alloys have been developed to combine and bal-

nce the desirable low thermal expansion of Si combined with the high

pecific strength of Al. These alloys were originally developed for pack-

ging circuitry, for use in avionics and space applications, and they were

rocessed by spray forming [5] . AlSi alloys have a eutectic point at 11.7

t% Si [1] . Liu et al [14] found in a study of AlSi20, with the addi-

ion of strontium, alloys with greater Si content require rapid cooling to

void segregation of large Si-phase particles. Research into processing

ypereutectic AlSi alloys through LPBF and exploiting the high cool-

ng rates associated with the technology has been performed since 2014

15] . In this study, the as-built microstructure of AlSi20 produced from
ebruary 2022 
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re-alloyed powder was found to be comprised of supersaturated Si in

n Al matrix, with fine particles of segregated Si. 

.2. Blended powder 

Pure Al and Si powders respond differently to the energy input from

he laser. The reflectivity of Al is significantly greater than that of

i, and Al has a lower melting point compared with Si, 660.3 °C and

404 °C respectively. Evaporation of Al is a concern with the LPBF pro-

essing of AlSi alloys. Hanemann et al [4] found that higher Si con-

ent increased the energy input required to achieve densities ≥ 99%.

hey fabricated AlSi25 and AlSi50 by blending AlSi10Mg powder (39

m mean diameter) with pure Si powder (44 μm mean diameter) and

ound reasonable mixing although some Si particles did not melt. The

TE of the built material was found to reduce by 0.2 × 10 − 6 1/K per

t% Si. Al evaporation can be exacerbated by the increased tempera-

ures required to melt elemental Si powder, Kang et al reported 10 wt%

oss of Al when processing AlSi50 produced from blended elemental

owders [8] . 

It is expected that the increased temperatures required for elemental

owders will be reflected in an increased heat input required to achieve

atisfactory densities with blended powders compared with pre-alloyed.

ia et al [6] processed AlSi50 from blended and pre-alloyed powder and

ound that blended AlSi50 achieved full density within the line energy

ange 0.227-0.342 J/mm while pre-alloyed AlSi50 was processed with

ulk parameters, which equated to line energy of 0.22 J/mm; the resul-

ant density is not reported. Conversely, Kang et al [9] found that for

lSi12, a lower energy density is required to process blended powder

han pre-alloyed powder. 

For the hypereutectic AlSi alloy under consideration, there is a large

nd nearly equal concentration of alloying elements and powder parti-

les of similar sizes and characteristics have been used which minimises

isks of inconsistent composition. In some studies, the elemental Si pow-

er is significantly finer than the Al powder, for example, AlSi12 was

roduced from a blend of Al with a mean particle size of 42 μm and

i powder with a mean size of 6 μm [9] and AlSi12 (mean size 30 μm)

as been blended with 7.4 wt% Si (mean size 6 μm) [10] . It is argued

hat for small concentrations of alloying elements, it is more appropri-

te to use a finer powder particle size. Satelliting a large particle with

ner particles of alloying elements was compared to powder blending

nd pre-alloyed powder in a study of Ti6Al4V by Simonelli et al [18] ..

 limitation of this study was that the size of the V particles was large

elative to their concentration in the alloy. It was found that the satel-

ited powder yielded the microstructure most like that of material built

rom pre-alloyed powder, however, the process parameters were not op-

imised for each feedstock powder. The blended powder was found to

ield inhomogeneity to be addressed by post-processing heat treatment.

Kang et al [11] . investigated formation of microstructure of AlSi50

uilt from blended elemental powders. They found that primary Si nu-

leates from the melt and Marangoni forces drive the Si to the edges of

he melt pool. The centre of the melt pool solidifies more slowly, with a

educed Si content. Primary Si that forms in the centre of the melt pool

s larger than the primary Si at the edges of the meltpool. The size of

he primary Si is affected by the laser power, laser power above 210 W

ith a scan speed of 500 mm/s was found to increase the Si particle

ize due to the reduced cooling rate. In a study of AlSi18, Kang et al

10] blended AlSi10 and pure Si, the microstructure of the built mate-

ial was comprised of nano- and irregular micro- Si (which was partially

elted Si particles). Increasing the laser power eliminated the partially

elted particles, and the shape of the Si particles became more spher-

cal. The size change of primary Si was measured in AlSi50 built from

lended powder by Kang et al [8] . The distribution of primary Si was ho-

ogeneous, and when the laser power was 290 W, the mean primary Si

article size was 3.12 μm, increasing to 6.17 μm at 320 W. Higher laser

owers result in a larger melt pool and slower cooling rates, allowing

or Si segregation. 
2 
.3. Pre-alloyed powder 

Fewer studies have been performed on pre-alloyed hypereutectic

lSi alloy powders than on blended powder; this is likely to be due to

he lack of commercially available alloys. Pre-alloyed powder reduces

he risk of inhomogeneity in built material. Roberts et al [17] . reported

hat material built from pre-alloyed powder may be more vulnerable to

racking than a blend of Al and Si powder, however, the Si was not fully

elted in their LPBF process, thus they formed an Al matrix around Si

articles. When processing pre-alloyed AlSi40, Erberle et al [2] reported

xtensive cracking, despite using a heated powder bed. AlSi40 is a brittle

aterial, with 0.6 ± 0.3% extension to failure in the as-built condition,

uilt in the horizontal direction. Process parameters were found to be

ignificant in controlling cracking; reducing the length of scan vectors

nd changing the sample geometry reduced cracking [2] . Mueller et al

16] report 1.1% elongation and mean UTS of 279 MPa of LPBF pro-

uced AlSi40 samples which were hot isostatic pressed (HIP) and heat

reated. For AlSi12, Kang et al [9] reported an inverse relationship be-

ween scan speed and tensile strength and ductility. Comparing tensile

roperties of AlSi12 built from pre-alloyed and blended powder revealed

hat the blended material has lower ultimate tensile strength, but higher

uctility [9] . 

Kimura et al [13] used pre-alloyed AlSi powder with a range of com-

ositions, alloys with 7-20 wt% Si were found to require lower energy

nput than 0-4% wt% Si. This difference in energy requirement was at-

ributed to the higher flowability of the increased Si alloys. 

.4. Properties of AlSi alloys 

Increasing the Si content of hypereutectic AlSi alloys increases the

aterials wear resistance [12] and thermal stability [4] . For AlSi40 built

rom pre-alloyed powder, CTE is reported to be 13.3 × 10 − 6 mm 

− 1 K 

− 1 at

0 °C after heat treatment and HIP [2] . Jia et al [6] studied the thermal

xpansion of as-built AlSi50, in the temperature range 300-450 K, the

TE is minimised by the supersaturated Si in Al. Heat treatment caused

he Si to precipitate. There is a peak in CTE around 500-600 K, caused

y segregation of Si from the Al matrix. 

Heat treating AlSi50 built from blended powder over 723 K caused

i to diffuse from the matrix, the resultant microstructure was globules

f pure Si surrounded by Al [7] . When the alloy is heated to close to the

utectic point (823 K) a significant increase in porosity at the bound-

ries between the Al and Si regions was also found to occur. Annealing

as been used on LPBF built AlSi20 at 473 K, 573 K and 673 K by Ma

t al [15] . These heat treatments were found to reduce the yield and UTS

ut increase the ductility. Annealing causes the primary Si particles to

ncrease in size, which increases the distance between them. The pri-

ary Si acts to limit the movement of dislocation, so the greater space

etween the particles allows greater movement of dislocations [15] . 

In this work, AlSi38, AlSi40 and AlSi42 were produced by LPBF using

lended elemental powders and compared to AlSi40 pre-alloyed pow-

er. To investigate the difference between the powder feedstocks and

esultant material, process parameter optimisation was performed and

he microstructure, CTE and tensile properties were evaluated. 

. Material and methods 

.1. Feedstock powder 

TLS Technik GmbH supplied both the pre-alloyed and elemental

owders produced by gas atomization. Powder morphologies were as-

essed with SEM images (Error! Reference source not found. a-c). The

hree powders were of similar size and shape with large, near-spherical

articles with many very fine particles. The fine particles exhibit be-

aviour where the surface Van der Waals forces are not overcome by

ravitational forces resulting in clustering or satelliting the larger par-

icles. Size analysis showed that they all have a bimodal distribution
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Table 1 

Particle size analysis results from laser diffraction and flowability measurements. 

Particle Size, μm Apparent Density Tap Density Hausner ratio 

D10 D50 D90 g/cm 

3 % g/cm 

3 % 

Al 24.4 46.9 82.9 0.96 35.5 1.12 41.5 1.18 

Si 19.6 40.0 67.5 1.12 48.1 1.39 59.7 1.24 

AlSi38 B 22.7 44.1 77.7 

AlSi40 B 22.6 43.9 77.4 1.31 51.3 1.54 60.4 1.17 

AlSi42 B 22.6 43.8 77.1 

AlSi40 PA 19.6 48.0 83.8 1.32 51.8 1.56 61.2 1.18 

Fig. 1. a c BSE + SE SEM micrographs showing the three feedstock powders; (a) pure Al, (b) pure Si, and (c) pre-alloyed AlSi40. d) EDX map of blended AlSi38 and 

e) EDX map of pre-alloyed AlSi40 powder. 
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ue to the presence of fine particles, with a small peak below 10 𝜇m,

nd a large peak around 70-80 𝜇m ( Fig. 2 ). In the Si powder, some

ractured particles were observed, likely relating to the brittleness of

he material. The Si powder has a slightly smaller and narrower size

istribution. Flowability of the elemental and pre-alloyed powders was

ssessed through the calculation of the Hausner ratio ( Table 1 ). The up-

er threshold for flowability for LPBF is a Hausner ratio of 1.25. For

ure Si, the Hausner ratio is 1.24 which is close to the flowability limit,

ith blended and pre-alloyed powders both having better and similar

owability (1.17-1.18). 

The elemental powders were combined in a ratio of 60:40 Al:Si by

eight in an oxygen-depleted environment, and mixed by tumbling on

ollers for 8 hours. Homogeneous mixing was confirmed by scanning

lectron microscopy (SEM, Hitachi TM3000) and energy-dispersive x-

ay spectroscopy (EDX) mapping of a mixed powder sample (Error! Ref-

rence source not found. d). Elemental distribution in the pre-alloyed

owder is shown in Fig. 1 e. 

Inductively coupled plasma atomic emission spectroscopy was used

o measure the composition; the pre-alloyed powder was 60.1 wt.% Al

nd 39.4 wt.% Si and the contamination levels were acceptable. The el-

mental powders were found to be 99.8 wt.% pure. The oxygen content

f all powders was below 0.1 wt%. 

.2. LPBF Processing 

A Concept Laser M2 LPBF machine was used to process the blended

nd pre-alloyed powders. It is equipped with a 400 W continuous-
3 
ave laser. Parametric studies were performed; an array of 25 coupons

10 × 10 × 10 mm) was built with varying laser power and scan speed

ver a range of 300-400 W and 1250 – 2500 mm/s. The same parameters

ere used for the pre-alloyed and blended powders, although an addi-

ional parameter study was performed for the pre-alloyed powder with a

ower and scan speed range of 175-300 W and 1500 – 2500 mm/s. Line

nergy was calculated for the parameter sets using Eq. 1 , where E is line

nergy (J/mm), P is laser power (W), and v is scan speed (mm/s). The

sland scanning strategy was used with 5 mm islands, island overlap of

2.5 μm, hatch spacing of 75 𝜇m, and 30 𝜇m layer thickness. The parts

ere built on an Al alloy build plate and were removed from the plate

sing wire electric discharge machining (EDM). 

 = 

𝑃 

𝑣 
(1)

.3. Heat treatment development 

Four heat treatments were selected from literature; Kang et al [7] .

easured the effect of different heat treatments of LPBF processed

lSi50, with temperatures ranging from 300 600 °C for 2 hrs. They re-

orted that heat treatment at 300 °C reduces the residual stress in the

uilt samples without a significant change in the microstructure, while

eat treatments above 500 °C induce porosity at the interfaces between

he silicon and aluminium. Ma et al [15] . measured the influence of heat

reatment on AlSi20. A significant increase in ductility was seen with

emperatures above 300 °C, this is more of a concern with the alloys in

his work due to the higher proportion of silicon. 
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Fig. 2. Size distribution of powder used in this study measured 

by laser size diffraction. 

Table 2 

Heat treatments. 

HT1 HT2 HT3 HT4 

Temp (°C) 250 250 350 400 

Time (hr) 12 8 8 8 
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S  
It was decided to test temperature between 250 °C and 400 °C, where

aterial should have a change in microstructure to allow for an increase

n ductility and below the temperature which induces porosity. 8 hrs was

elected for the duration with one set of samples being treated for 12 hrs

o see if there is a significant difference. Heat treatment conditions are

rovided in Table 2 . HT2 was selected based on CTE and tensile values

f the blended samples. 

.4. Evaluation of built material 

The parametric study aimed to identify the parameters that resulted

n the highest density blocks. The density of the blocks was measured

sing the Archimedes method with ethanol. After the density was mea-

ured, the samples were heat-treated. Relative density was calculated

s a ratio of the measured density of a block to the theoretical den-

ity of the alloy. Selected blocks were sectioned and polished to enable

icrostructural evaluation with SEM using a combined backscatter elec-

ron and secondary electron imaging mode (BSE + SE). Tensile test bars

ere machined from heat-treated cylindrical rods to the TETRE 160 Ta-

er tensile sample geometry (cylindrical dogbone with reduced section

iameter 4 mm and 16 mm length). Tensile testing was performed ac-

ording to standard ASTM E8-16a. CTE samples were machined from

aterial built in the vertical and horizontal directions, and tested using

 Perkin Elmer TMA7 dilatometer over a temperature range of 303 to

03 K. 

. Results and discussion 

.1. LPBF parameter development 

A preliminary trial on blended powder (AlSi38) found that line en-

rgy < 0.150 J/mm resulted in lack-of-fusion defects and failure to com-

letely melt the silicon particles ( Fig. 3 ); therefore this was selected

s the lower limit for the parameter study. The line energy was var-

ed in the range 0.15-0.32 J/mm; the process parameters are shown in

able 3 . 
4 
For the blended powders, there is an inverse relationship between

ine energy and Archimedes density. All three alloys had the highest

ensity in the range 0.15-0.187 J/mm. The maximum densities were

9.07-99.16% of the theoretical density. All samples exhibited keyhole

orosity; this could be caused by the difference in thermal properties

etween the elemental powders. Low line energy is likely to cause lack-

f-fusion pores, and at higher energies keyhole porosity is more likely to

ccur. The blended AlSi40 achieved higher densities than the AlSi40 PA

ith an average difference of 0.19%, Table 3 . The maximum density for

lSi40 PA was 98.85% and was achieved when processing with 0.150

/mm, at this line energy AlSi40 (blend) was 99.16% dense. 

None of the parameters in the first process parameter build for AlSi40

A (Table 3) yielded the target density of 99%. As the highest densities

ere achieved with the lowest line energies and the pre-alloyed pow-

er wasn’t encumbered by un-melted silicon defects, a second parameter

tudy was performed with line energies in the range 0.070-0.183 J/mm.

igher densities, up to 99.87%, were achieved with lower energy input.

owever, cracking occurred at the lower end of the energy range of the

arameters, 0.700-0.129 J/mm ( Fig. 4 ). There is not a clear threshold

or the onset in cracking as the range 0.110-0.129 J/mm some sam-

les cracked, and others didn’t. Hanemann et al [4] reported that for

lSi25 and AlSi50 produced from blended powders that cracking oc-

urred when using high scanning speed and low laser power. The crack-

ng seen in the pre-alloyed samples may relate to the increased density

f the samples as porosity may act to relieve stress. 

The optimal processing parameters for the pre-alloyed powder were

elected to be with 2000 mm/s scan speed and 300 W laser power (0.150

/mm line energy), these parameters yielded 99.53% density and were

utside of the cracking parameter window. For the blended powders,

he optimum parameter set was: 375 W and 2500 mm/s (0.150 J/mm)

s sufficient density in the three alloys was achieved. For the blended

lloys, Mueller et al [16] . found optimum parameters for AlSi40 PA with

.126 J/mm but they also used a heated bed of 170 °C. Using computed

omography, the density was measured as 99.6%, but only 96.8% when

easured by the Archimedes method. Post-process heat treatment and

IP can increase density, Erberle et al [2] . achieved 99.7% density of

re-alloyed AlSi40 using these processes, although the LPBF parameters

nd as-built density are not reported. Cracking was also reported to be

specially problematic for horizontally built material and was affected

y the process parameters. 

Hanemann et al [4] produced AlSi50 from blended powders with

9.90 ± 0.05% density with line energy of 0.233 J/mm, the increased

i content requires higher energy to melt. Pre-alloyed AlSi50 was pro-
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Fig. 3. Optical micrograph of AlSi38 produced from blended 

powders (E = 0.100 J/mm). The black arrows indicate unmelted 

Si particles and the white arrows indicate lack of fusion defects. 

Fig. 4. Archimedes density results of AlSi40 produced from blended and pre-alloyed powder. Samples that were cracked are highlighted in red, all the cracked 

samples occurred in the second pre-alloyed build. 

c  

r  

t  

p  

t

3

3

 

t  

t  

o  

i  

m  

c  

f

 

s  

i  

i  

w  

t  

B  

b  

i  

f  

e  

s

 

c  

p  

l  

t  

t  

t

 

t  
essed with line energy of 0.220 J/mm by Jia et al [6] , although the

esultant density is not stated. In the current study, it has been found

hat higher densities can be achieved with lower energy input for the

re-alloyed powder, which is consistent with the findings in the litera-

ure. 

.2. Evaluation of built material 

.2.1. Microstructural analysis 

Microstructural analysis was performed on AlSi40 B and AlSi40 PA

o compare the alloying methods. Before heat treatment, the microstruc-

ure of the AlSi40 PA ( Fig. 5 a) shows irregular polygon-shaped crystals

f primary Si in an AlSi12 matrix. This microstructure was also observed

n AlSi40 formed by laser cladding [3] . Grigoriev et al [3] describe this

icrostructure as primary Si crystals which nucleate from the under-

ooled melt, 𝛼-Al halos form around the Si crystals, and eutectic AlSi12.6

orms the matrix. 

Within the matrix in Fig. 5 a and 5 c, there are discontinuous white

eams, which are likely to be located at the boundaries of the solidify-
5 
ng grains. The bright appearance of the seams suggests that they are an

nclusion such as iron or oxides and the increased presence is consistent

ith the level of contaminants in the pre-alloyed powder. The composi-

ion of the seams could not be analysed by EDX as it was too fine. AlSi40

 in the as-built condition has a similar appearance to that of AlSi40 PA,

ut the Si phase crystals are around 18% larger. This indicates that alloy-

ng elements are more intimately mixed within the material processed

rom pre-alloyed powder than when processing a mixture of two differ-

nt powders. The microstructure obtained from blended powder doesn’t

how any unmelted particles or evidence of incomplete mixing. 

In-situ alloying has benefitted from a combination of factors; the high

oncentrations of Al and Si, similar powder characteristics, and the sim-

licity of the Al-Si phase diagram. The single eutectic of Al-Si means that

ocalised variations in composition will not form metastable phases. Al-

hough Al has a lower melting temperature than Si, it has higher reflec-

ivity. The similar powder particle size and close to 50:50 mixing limit

he potential of inhomogeneity in the meltpool. 

Fig. 5 b and 5 d show that heat treatment softens the boundaries be-

ween the Si-rich and Al-rich phases, with Si diffusing into the 𝛼-Al cre-
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Fig. 5. SEM (BSE + SE) images of the microstructure of material built from pre-alloyed and blended AlSi40 (perpendicular to the build direction), in the as-built and 

heat-treated conditions. AlSi40 PA was processed with 2000 mm/s scan speed, 300 W laser power, 75 μm hatch space, and 30 μm layer thickness. AlSi40 B was 

processed with 2500 mm/s scan speed, 375 W, 75 μm hatch space, and 30 μm layer thickness. The heat treatment used was 250°C for 8 hours. 
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ting ghost structures of the previously large Si precipitates. The size

eduction of the Si precipitates should increase the ductility due to the

rittleness of pure Si, and increases the homogeneity of the microstruc-

ure. In HT AlSi40 PA ( Fig. 5 b), the bright inclusion of contaminants is

ess pronounced, potentially due to diffusion or recrystallization during

eat treatment. An interconnected network of eutectic AlSi is present.

hese veins of eutectic AlSi are present in AlSi40 B, although it is less

vident after heat treatment. Kang et al [7] reported that from the phase

iagram the microstructure of AlSi50 should be primary Si in a lamellar

utectic matrix, thought the non-equilibrium cooling of the LPBF pro-

ess could disrupt this formation. The as-built material in their study

ad a similar microstructure to Fig. 5 . a and b, although the primary

ilicon had a more rounded morphology, this difference may have been

aused by the powder bed heating (127 °C) reducing the cooling rates. It

as shown that heat-treating AlSi50 at 550 °C for 2h followed by a wa-

er quench resulted in segregation of the Al and Si. The heat treatment

sed in the present study used a much lower temperature and appears

o have promoted some diffusion between the microstructural phases

 Table 3 ). 

.2.2. Mechanical property analysis 

Results of tensile testing are shown in Table 4 . All the samples tested

ere brittle, this can be seen in the low elongation of both the pre-alloy

nd blended samples. A typical stress-strain graph is shown in Fig. 6 . In-

reasing the Si content increases Young’s modulus, UTS and 0.2% OYS
6 
t the expense of elongation. Si is hard but brittle, in the microstruc-

ure large regions of pure Si were seen, which increasingly influence

echanical performance with higher Si content. 

Comparing AlSi40 B and AlSi40 PA, the pre-alloy has superior per-

ormance for all measures except elongation, although the difference

etween the blend and pre-alloy is ≤ 10% for all measures. In the param-

ter study, the optimised parameters yielded 99.16% density for AlSi40

, and 99.53% for AlSi40 PA. The increased density of the pre-alloy may

ontribute to its superior mechanical properties. These findings are sim-

lar to a study of AlSi12, where pre-alloyed powder resulted in superior

TS, but inferior elongation to blended powder ( [7] b). 

Eberle et al [2] . performed mechanical testing on AlSi40 built verti-

ally from pre-alloyed powder, after heat-treatment (6h at 400 °C) and

IP (400 °C for 2h at 1950 bar in Ar) their results are inferior to both

lSi40 B and AlSi40 PA in this study, except for the UTS of AlSi40 B.

owever, they found that the horizontal as-built material outperformed

ertically built material. They do not provide any micrographs for com-

arison. 

.2.3. Coefficient of thermal expansion 

CTE results ( Table 5 ) show that the alloys in this study have low

hermal expansion. When designing components, the effect of build ori-

ntation on CTE is an important consideration. CTE was measured on

eat-treated samples built in the vertical and horizontal build direction.

ncreasing the Si content in the blended samples decreased the CTE. In
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Table 3 

Relative densities (%) of the parameter studies for pre-alloyed and blended powder. 

Table 4 

Mechanical properties of heat-treated samples, tested in the vertical build direction. 

For the blended samples the values are the mean of 5 results, and for AlSi40 PA 7 

results were used. 

Young’s modulus 0.20% OYS UTS Elongation after fracture 

GPa MPa MPa % 

AlSi38 B 86 ± 2 208 ± 2 311 ± 4 1.4 ± 0.9 

AlSi40 B 90 ± 8 214 ± 3 283 ± 35 1.5 ± 0.8 

AlSi42 B 91 ± 2 236 ± 8 327 ± 8 0.1 ± 0.1 

AlSi40 PA 99 ± 7 219 ± 4 310 ± 11 1.1 ± 0.5 

Fig. 6. Typical stress-strain graph of HT AlSi40 PA. The tensile 

sample was processed with 2000 mm/s scan speed, 300 W laser 

power, 75 μm hatch space, and 30 μm layer thickness. The heat 

treatment used was 250°C for 8 hours. 

Table 5 

CTE values for hypereutectic AlSi alloys produced by LPBF. B indicates blended feedstock powder and PA indi- 

cates pre-alloyed powder. Asterisks indicate Si wt% added to AlSi10Mg. 

Si content, wt.% CTE, × 10 − 6 m.m 

− 1 K − 1 Powder type Condition Temperature, °C Source 

H build direction V build direction 

25 ∗ 17.50 B As-built 100 [4] 

38 13.92 14.24 B HT 30-130 

40 13.45 13.02 B HT 30-130 

40 13.30 PA HT + HIP 20 [2] 

40 13.55 14.14 PA HT 30-130 

40 13.33 PA HT + HIP 20 [16] 

42 12.83 12.56 B HT 30-130 

50 ∗ 13.78 B As-built 100 [4] 

7 
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orizontally built material the CTE reduces by 0.24 × 10 − 6 m.m 

− 1 K 

− 1 

er wt% Si. There is a less clear relationship between Si content and CTE

or vertically built material due to scatter in the results, CTE reduces at

 rate of 0.42 × 10 − 6 m.m 

− 1 K 

− 1 per wt.% Si. For AlSi38 B the vertical

TE is higher than the horizontal, but for AlSi40 B and AlSi42 B this

s reversed. For each alloy the vertical and horizontal CTE values are

-3.2% different. 

The samples built from AlSi40 B have lower thermal expansion than

lSi40 PA. For both powder types, there is a small difference in CTE

easured in different directions. For AlSi40 PA, there is a difference of

.597 × 10 − 6 m.m 

− 1 K 

− 1 with the vertical direction having the greatest

TE. For AlSi40 B, the horizontal direction has the highest CTE, and

he difference is 0.443 × 10 − 6 m.m 

− 1 K 

− 1 . AlSi40 PA CTE is 5% lower

han AlSi40 B; this could be due to the increased porosity in the blended

aterial. 

The results obtained in this study agree with results from the litera-

ure as shown in Table 5 . Erberle et al [2] and Mueller et al [16] both

easured CTE of LPBF produced AlSi40 from pre-alloyed powder and

eat-treated and HIPed. Their CTE values are slightly higher than AlSi40

. Hanemann et al [4] found that for AlSi10Mg + 40Si, CTE reduces by

.2 × 10 − 6 m.m 

− 1 K 

− 1 per wt.% Si over a temperature range of 50-100

C, therefore the CTE of AlSi40 is estimated as ∼16 × 10 − 6 m.m 

− 1 K 

− 1 al-

hough this is a narrower temperature range than was used in this study.

he Si crystals act to constrain the thermal expansion, and the finer the

rystals are, the more effectively they limit thermal expansion [4] , so

he diffusion caused by the heat-treatment may increase this effect. 

. Conclusions 

In this study, low CTE alloys have been effectively synthesised from

lended powder and compared to a pre-alloyed feedstock powder. All

hree blended alloys (AlSi38, AlSi40 and AlSi42) were processed with

he same LPBF process parameters to achieve density > 98.7%. AlSi40 PA

chieved a density of 99.8% with the same energy input, but with higher

can speed and laser power. Parameters within the processing window of

he blended powder resulted in lower densities when processing the pre-

lloyed material, which could relate to differences in laser absorption of

he elemental powders and levels of evaporation of Al. The pre-alloyed

owder was found to be susceptible to cracking during LPBF processing.

ull mixing of alloy components was seen in the samples built from

lended powder. There is little difference in the as-built microstructure

rom the blended and pre-alloyed powder. Heat treatment was found to

ause diffusion between the primary Si, 𝛼-Al and eutectic AlSi matrix. 

In-situ alloying was successful in part due to the phase diagram of

l-Si as there was no risk of unfavourable phased forming. Other al-

oy systems that this could be applicable to include Cu-Ni, and Mo-Nb.

n more complex alloy systems such as Al-Cu, localised concentration

ariations in the melt pool could lead to the formation of unfavourable

hases. 

Mechanical test results show that these alloys are brittle and increas-

ng the Si content to 42 wt.% resulted in an elongation of 0.1%. and

he Young’s modulus for the alloys was 86-99 GPa and the UTS was

83-327MPa. AlSi40 PA outperformed the tensile properties of AlSi40

 (except for elongation), although the difference is less than 10%. CTE

educed with increasing Si content, material built from pre-alloyed pow-

er had 5% higher CTE than material built from blended powder. 

Overall, these results indicate that for hyper-eutectic AlSi alloys,

lended elemental powder and pre-alloyed powder feedstocks yield sim-
8 
lar materials. Thus, blended powders can be used to assess the print-

bility and properties of novel alloys in LPBF. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 

cknowledgements 

This work was supported by the European Space Agency (ESA):

dditive manufacturing of Aluminium-Silicon alloys with high silicon

ontent (AlSix). 

eferences 

[1] Cornell, R. & Bhadeshia, H., n.d. Aluminium-Silicon Casting Alloys. [Online] Avail-

able at: https://www.phase-trans.msm.cam.ac.uk/abstracts/M7-8.html 

[2] S. Eberle , A. Reutlinger , B. Curzadd , M. Mueller , M. Riede , C. Wilsnack , A. Brandão ,

L. Pambaguian , A. Seidel , E. López , F. Brueckner , Additive manufacturing of an

AlSi40 mirror coated with electroless nickel for cryogenic space applications, in:

Proceedings of the International Conference on Space Optics —ICSO 2019, 11180,

International Society for Optics and Photonics, 2019 . 

[3] S.N. Grigoriev , T.V. Tarasova , G.O. Gvozdeva , S. Nowotny , Structure formation of

hypereutectic Al-Si-alloys produced by laser surface treatment, J. Mech. Eng. 60 (6)

(2014) 389–394 . 

[4] T. Hanemann , L.N. Carter , M. Habschied , N.J. Adkins , M.M. Attallah , M. Heilmaier ,

In-situ alloying of AlSi10Mg + Si using selective laser melting to control the coeffi-

cient of thermal expansion, J. Alloys Comp. (2019) 8–18 . 

[5] D. Jacobson , Lightweight electronic packaging based on spray formed Si-Al, Powder

Metallurgy (2000) 200 . 

[6] Y.D. Jia , P. Ma , K.G. Prashanth , G. Wang , J. Yi , S. Scudino , F.Y. Cao , J.F. Sun , J. Eck-

ert , Microstructure and thermal expansion behaviour of Al-50Si synthesized by se-

lective laser melting, J.Alloys Comp. 699 (2017) 548–553 . 

[7] N. Kang , P. Coddet , M.R. Ammar , H. Liao , C. Coddet , Characterization of the mi-

crostructure of a selective laser melting processed Al-50Si alloy: Effect of heat treat-

ments, Mater. Charact. 130 (2017) 243–249 . 

[8] N. Kang , P. Coddet , C. Chen , Y. Wang , H. Liao , C. Coddet , Microstructure and wear

behaviour of in-situ hypereutectic Al-high Si alloys produced by selective laser melt-

ing, Mater. Design (2016) 120–126 . 

[9] N. Kang , P. Coddet , L. Dembinski , H. Liao , C. Coddet , Microstructure and strength

analysis of eutectic Al-Si alloy in-situ manufactured using selective laser melting

from elemental powder mixture, J. Alloys Comp. (2017) 316–322 . 

10] N. Kang , P. Coddet , H. Liao , T. Baur , C. Coddet , Wear behavior and microstructure

of hypereutectic Al-Si alloys prepared by selective laser melting, Appl. Surf. Sci. 378

(2016) 142–149 . 

11] N. Kang , P. Coddet , H. Liao , C. Coddet , Macrosegregation mechanism of primary

silicon phase in selective laser melting hypereutectic Al - high Si alloy, J. Alloys

Comp. 662 (2016) 259–262 . 

12] N. Kang , M.E. Mansori , A new insight on induced-tribological behaviour of hypereu-

tectic Al-Si alloys manufactured by selective laser melting, Tribol. Int. (2019) 1–6 . 

13] T. Kimura , T. Nakamoto , M. Mizuno , H. Araki , Effect of silicon content on densifi-

cation, mechanical and thermal properties of Al-xSi binary alloys fabricated using

selective laser melting, Mater. Sci. Eng. A 682 (2017) 593–602 . 

14] G. Liu , G. Li , A. Cai , Z. Chen , The influence of Strontium addition on wear properties

of Al–20 wt% Si alloys under dry reciprocating sliding condition, Mater. Design 32

(1) (2011) 121–126 . 

15] P. Ma , K.G. Prashanth , S. Scudino , Y. Jia , H. Wang , C. Zou , Z. Wei , J. Eckert , Influ-

ence of annealing on mechanical properties of Al-20Si processed by selective laser

melting, Metals (2014) 28–36 . 

16] M. Mueller , M. Riede , S. Eberle , A. Reutlinger , A.D. Brandão , L. Pambaguian , A. Sei-

del , E. López , F. Brueckner , E. Beyer , C. Leyens , Microstructural, mechanical, and

thermo-physical characterization of hypereutectic AlSi40 fabricated by selective

laser melting, J Laser Appl. 31 (2) (2019) 022321 . 

17] C.E. Roberts , D. Bourell , T. Watt , J. Cohen , A novel processing approach for additive

manufacturing of commercial aluminum alloys, Phy. Proc. 83 (2016) 909–917 . 

18] M. Simonelli , N.T. Aboulkhair , P. Cohen , J.W. Murray , A.T. Clare , C. Tuck ,

R.J. Hague , A comparison of Ti-6Al-4V in-situ alloying in selective laser Melting

using simply-mixed and satellited powder blend feedstocks, Mater. Charact. (2018)

118–126 . 

https://www.phase-trans.msm.cam.ac.uk/abstracts/M7-8.html
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0002
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0003
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0003
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0003
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0003
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0003
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0004
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0004
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0004
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0004
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0004
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0004
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0004
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0005
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0005
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0006
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0007
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0007
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0007
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0007
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0007
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0007
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0008
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0008
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0008
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0008
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0008
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0008
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0008
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0009
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0009
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0009
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0009
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0009
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0009
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0010
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0010
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0010
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0010
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0010
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0010
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0011
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0011
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0011
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0011
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0011
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0012
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0012
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0012
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0013
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0013
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0013
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0013
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0013
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0014
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0014
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0014
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0014
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0014
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0015
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0016
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0017
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0017
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0017
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0017
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0017
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018
http://refhub.elsevier.com/S2772-3690(22)00013-5/sbref0018

	Comparison of LPBF processing of AlSi40 alloy using blended and pre-alloyed powder
	1 Introduction
	1.1 Background to hypereutectic AlSi alloys
	1.2 Blended powder
	1.3 Pre-alloyed powder
	1.4 Properties of AlSi alloys

	2 Material and methods
	2.1 Feedstock powder
	2.2 LPBF Processing
	2.3 Heat treatment development
	2.4 Evaluation of built material

	3 Results and discussion
	3.1 LPBF parameter development
	3.2 Evaluation of built material
	3.2.1 Microstructural analysis
	3.2.2 Mechanical property analysis
	3.2.3 Coefficient of thermal expansion


	4 Conclusions
	Declaration of Competing Interest
	Acknowledgements
	References


