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Abstract: To reveal the influence of porosity on the variability in mechanical properties of 

HPDC Al alloys, micro computed tomography was employed to investigate the 

morphology and 3D distribution of porosity in the tensile samples. Experimental results 

show that the variability in mechanical properties of HPDC AlSi7MgMn alloy is related to 

the pore size and total volume of the porosity. The maximum pore size is inversely 

proportional to the elongation of the alloy with T6 heat treatment, while the total volume 

porosity was found to decline with increasing elongation. A maximum pore size of approx. 

1.3mm in diameter was found to correspond to an elongation of 6.4%. Once its maximum 

size reduced to less than 0.3mm, the elongation was found to improve to 9%-13.5% for the 

alloy. Compared to the average value of 8.8%, 236.6MPa, 296.0MPa for elongation, yield 

strength and ultimate tensile strength respectively for the porosity-free AlSi7MgMn 

samples produced by gravity casting, the HPDC AlSi7MgMn alloy has the similar strength 

level and improved elongation to an average level of 11.5%. This indicates that the 

porosity level is a determined factor to the mechanical property variability and its size less 

than 0.3mm has no significant adverse effect on the mechanical properties of the alloy. 

The elongation improvement in HPDC AlSi7MgMn alloy is attributed to the finer grain 

size with an average value of 10μm compared to the average value of 500μm for the 

gravity casting AlSi7MgMn alloy, and to the reduced size and uniform distribution of 

porosity resulting from the subsequent refinement in grain size.  
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Introduction 

Cold chamber high pressure die casting (HPDC) has been widely used in automotive 

industry to produce Al alloy components with thin wall and complicated shapes due to its 

high productivity, relatively low cost [1–4], excellent mechanical properties and castability 

supported by the development of HPDC Al alloys [5–8]. In terms of the filling and 

solidification characteristics in HPDC, there are three types of metallic melt movement 

once the melt is transferred into the shot sleeve. The first movement occurs in the shot 

sleeve where the melt is forced to move forward by the plunger at a slow speed of approx. 

0.2-0.3m·s
-1

 until it approaches the inner gate of the mould. In the second movement, the 

melt is transported at a very high speed of approx. 2–4 m·s
-1

 to complete the filling of the 

die cavity. The third movement occurs during the intensification stage, which aims to feed 

solidification shrinkage by the movement of the last solidifying melt under a high 

intensification pressure typically between 20-100MPa [9–11]. Additionally, during 

intensification the majority of air entrapment resulting from fluid flow in the shot sleeve is 

compressed to a considerable small size under the applied pressure. The contribution of air 
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entrapment to the final porosity content is a key factor in assessing the suitability of a cast 

component for heat treatment, in the presence of gas porosity blistering will occur during 

solution treatment and the component will be scrapped [11–13].Shrinkage porosity forms 

in the final stage solidification and its content depends on the design of the gating system 

and the filling parameters [14–16]. Whilst porosity can be reduced to an acceptable level 

using high integrity processing techniques, it is impossible to eliminate it completely due 

to the limited feeding capacity of the melt resulting from high cooling rates and the 

compromise between productivity and product quality. 

Regarding the solidification characteristics during HPDC, the porosity defect resulting 

from air entrapment and solidification shrinkage is inevitable and affects the mechanical 

property variability [17–19]. Therefore, the control and reduction of porosity is the priority 

to improve the quality of the HPDC castings. With regards to air entrapment in the shot 

sleeve, numerous studies have aimed to optimise the plunger motion to avoid air 

entrapment caused by the formation of breaking waves due to non-optimal movement of 

the melt [16,20–25]. Another contribution to the total gas content is the formation of H2 by 

the reaction between the melt and lubricant, which typically consists of polymer wax, 

mineral oil and some form of surfactant [26]. For shrinkage porosity, there is an optimised 

melt speed at the inner gate depending on the dimensions of the component in order to 

deliver a relatively flow of melt into the die cavity. This ensures the die is completely 

filled before intensification and improves the efficiency of the feeding channels; whilst 

also serving to reduce the opportunity for secondary oxides and air entrapment [27].  

Besides the optimisation of process parameters, the vacuum assisted HPDC process has 

been developed to minimise air entrapment and enhance the filling ability of the melt  [28–

31]. With the addition of a vacuum station, this technology aims to reduce the air content 

in the entire cavity whilst also reducing the back pressures experienced during die filling 

by ensuring that the melt movement in both shot sleeve and die cavity occurs under a 

given vacuum [32]. Some reports suggest that the elongation (El) is improved with a 

proper vacuum process and the total volume of the porosity in final component is reduced 

to less than 2% compared to the value of 1-5% for the castings without vacuum [33–36]. 

The porosity size for traditional HPDC of ADC12 alloy (10.77%Si, 1.87%Cu, 0.78%Fe, 

0.78%Zn, 0.2%Mn, 0.17%Mg) can up to 2mm [37] and is less than 0.15mm for A390 

alloy (17.1%Si, 4.5%Cu, 0.56%Mg, 0.32%Fe) under vacuum HPDC [38]. Vacuum 

assisted HPDC can benefit the reduction of the total volume of the porosity, but cannot 

eliminate the porosity and change the size distribution significantly [26]. In other words, 

the mechanical properties are not stable nor repeatable for each of the components 

produced. In the automotive industry, large safety factors are typically applied to account 

for the unpredictable nature of HPDC components. By developing a better understanding 

between the processing parameters, casting defects and mechanical properties, automobile 

manufacturers will be able to produce more informed safety factors resulting in significant 

reductions in vehicle weight. 

The mechanical properties are more related to the maximum size of the defects and their 

location with respect to the specimen free surface [4,26,39,40]. Currently, the majority of 

researches focussed on the improvement of mechanical properties, and the influence of the 

porosity on the mechanical properties are still unclear. 

In the present study, micro computed tomography (Micro-CT) was employed to 

reconstruct the 3D morphology and size distribution of porosity for the HPDC tensile 
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samples. Combined with the tensile results, the influences of the porosity characteristics 

on the mechanical property behaviour are then discussed. 

Figure 1 Geometry of the tensile samples (dimensions in mm) prepared by HPDC (a), with 

eight samples produced in a single shot.  The sample is obtained from the location of the 

gravity casting highlighted in (b), and subsequently machined to obtain the final dimension of 

the tensile sample (c). 

Experimental 

A356 alloy ingots supplied by Norton UK, was employed as the raw material in this study. 

To avoid soldering of the melt onto the die surface, 0.5% Mn was added into A356 melt for 

carrying on HPDC experiments. The alloy compositions tested by foundry-master 

spectrometer mainly consist 7.5%Si, 0.3%Mg, 0.15%Fe, 0.6% Mn, 0.1%Ti, 0.018%Sr, and 

0.002%B (all in wt.%). Clay-graphite crucible was then used with 35 Kg of alloy per batch. 

When the melt temperature reached 725±5ºC, a half hour holding time was adopted to obtain 

the composition homogenization. The melt was then heated up further to 750ºC for melt 

purification by rotary degassing technology for 12 min at 350 rpm rotation speed, in which 

Ar was introduced to the bottom of the rotor with a flow rate of 4 l/min. During rotary 

degassing, 0.2% of Al-10%Sr and 0.2% of Al-5Ti-1B master alloys were added into melt to 

achieve the modification of the eutectic Si and the grain refinement. The cleaned melt was 

then manually poured into the shot sleeve to produce tensile samples of 6.35mm in diameter 

by a Frech 4500kN locking force cold chamber HPDC machine. The pouring temperature of 

the melt, die temperature and shot sleeve temperature were 680±5ºC, 200±5ºC and 180±5ºC 

respectively. The geometry of the tensile samples (dimensions in mm) prepared by HPDC 

processing is shown in Figure 1a.  To obtain the porosity-free tensile sample as a baseline to 

show what kind of the porosity level is reasonable and acceptable for this alloy produced by 

HPDC,  the permanent casting was used to obtain the gravity tensile samples, in which the 

pouring temperature and mould temperature were 700±5ºC and 200±5ºC respectively. The 

gravity sample was taken from the bottom of the casting as shown in figure 1b with brown 

color and the dimension of the machined tensile sample is shown in figure 1c.  
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After stabilization at room temperature for 24 hours, all the tensile samples underwent T6 

heat treatment where solution occurred at 540±5ºC for 30 minutes followed by water 

quenching and then ageing at 170±5ºC for 2.5 hours. Tensile testing was carried out on an 

Instron 5500 Universal electromechanical testing system at ambient temperature. Ramping 

rate was 1mm/min and a 50 mm extensometer was used to record tensile data. 

Samples for microstructural observation were prepared using standard metallurgical 

procedures, and microstructural analyses were carried out using a Zeiss optical microscope, 

Zeiss Supra 35VP field-emission scanning electron microscopy (FE-SEM) equipped with an 

energy dispersive X-ray spectroscopy (EDS) detector and electron backscatter diffraction 

(EBSD), and JEOL-2100 transmission electron microscopy (TEM), respectively. To reveal 

the 3D morphology in the HPDC samples, Micro-CT (Zeiss Xradia 410 Versa X-ray) was 

employed to identify the 3D characteristic of the porosities. To prepare samples for grain size 

analysis by EBSD technique, electrolytically polishing in a solution of nitric acid and methyl 

alcohol (1:4) under a temperature of -30 ˚C was employed. OIM TSL software was used for 

the grain size statistical analysis. 

Results 

To assess the porosity level in tensile samples, ProCAST was employed to simulate the 

filling and solidification process for both gravity casting and HPDC process in present 

study [41]. Initial/boundary conditions of the casting process are set according to actual 

casting practice. In HPDC casting, the material of die and shot sleeve is H13 steel, and the 

initial temperature is 680ºC, 200ºC and 180ºC for pouring temperature of the melt, die 

temperature and shot sleeve temperature respectively. While the pouring temperature and 

mould temperature is 700ºC and 200ºC for gravity casting. The interfacial heat transfer 

coefficient employed in simulation is 2000W·m
-2

·K
-1

 between melt and mould in gravity 

casting, 2000W·m
-2

·K
-1 

between melt and shot sleeve wall and 8000 W·m
-2

·K
-1 

between 

melt and die in HPDC processing. The formation of shrinkage porosity during 

solidification is calculated using a decent NAPM model build in ProCAST. 

Figure 2 ProCAST simulations of total shrinkage porosity and air entrapment during 

solidification processing. In the gravity casting (a), shrinkage porosity was constrained to 

the riser section whilst no porosity was predicted within the sample itself. In the HPDC 

samples, the level of air entrapment (b) and shrinkage porosity (c) were found to vary with 

location in the casting. 
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Figure 3 Evolution of porosity in the melt and final castings during the HPDC process. 

The melt at the beginning of piston motion was considering as a reference (a1). As 

indicated by the microstructure at this point (a2) there is no porosity in the ingot solidified 

in the shot sleeve. At the position of the melt reaching the inner gate showing in (b1), the 

content of the porosity increases up to about 3.5% and a large pore can be found in the 

biscuit (b2). At the final tensile samples (c1), the content of the porosity varies with 

position and its value is much higher at the grip section (c2, c4) than at the gauge section 

(c3). 

The shrinkage in gravity casting is shown in figure 2a. It indicates that the only possibility 

of shrinkage in gravity casting occurs in the top of the riser part other than in the tensile 

sample part. This means there is no obvious porosity for gravity tensile samples. Hence the 

gravity samples can be used as the porosity-free samples acting as the baseline properties.  

In HPDC, the two major contributors to the total porosity content are air entrapment and 

solidification shrinkage, as shown in figure 2b and 2c respectively. Obviously, a given 

level of the porosity exists inside the tensile sample varying with position. It is widely 

accepted that porosity adversely affects the El, tensile strength and fatigue life of cast 

components with factors such as defect size, morphology and spatial distribution having a 

significant impact on the mechanical properties [42–44]. In the HPDC filling process, air 

entrapment occurs during movement of the melt in the shot sleeve towards the inner gate, 

with an increase of approx.3.5% (as shown in figure 3b(1) and 3b(2)) porosity level 

reached compared to the initial melt condition after being poured into the shot sleeve (as 

shown in figure 3a(1) and 3a(2)). At the final filling stage under high intensification 

pressure, such kind of air entrapment in the melt was forced into the die cavity and leading 

to porosity. Due to the high cooling rate in the HPDC process, the feeding capacity of the 

liquid melt into the component to fill the volumetric shrinkage caused by solidification is 
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insufficient and results in shrinkage porosity. Therefore, the total porosity level varies with 

position in the final component. In the present study, the content of the porosity in the 

gauge section (figure 3c(3)) of the tensile samples (figure 3c(1)) is much less than that in 

the grip section (figure 3c(2) and 3c(4)). These experimental results about the porosity 

distribution are in strong agreement with the simulation results (shown in figure 2b and 2c).  

Figure 4 The YS and El of the samples at T6 heat treatment state for the alloy prepared by 

gravity casting and HPDC, and the 2σ distribution of El and YS for the HPDC samples (a). 

The UTS and El of the samples at T6 heat treatment state for the alloy prepared by gravity 

casting and HPDC, and the 2σ distribution of Eland UTS for the HPDC samples (b). 

Table 1 The average and standard deviation (σ) of the properties of the samples prepared 

by gravity casting and HPDC. 

 

Figure 4 shows the comparison between yield strength (YS), ultimate tensile strength 

(UTS) and El for gravity casting and HPDC samples with T6 heat treatment. It can be seen 

that the distribution of YS and UTS for HPDC samples is narrower than that for gravity 

samples, while the El range of HPDC samples is wider than that of gravity porosity-free 

samples. For gravity samples, the average value of YS, UTS an El is 236.6MPa, 296.0MPa 

and 8.8% respectively, and is 239.1MPa, 302.9MPa and 11.5% for HPDC samples, as 

shown in table 1. The comparison of the average value of the mechanical properties 

indicates that the YS and UTS for both gravity casting samples and HPDC samples are in 

the same level, whilst the El of the HPDC samples is much higher than that of the gravity 

samples. Regarding porosity as the main defect in the HPDC samples, a wider size 

distribution was accompanied by a higher El. This suggests that porosity indeed has a 

significant influence on the El, but more importantly the El depends on the size and 

morphology of the porosities and the uniform distribution of porosity will minimize its 

adverse effects on the El. The reduced standard deviation (σ) in YS and UTS for HPDC 
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samples, as shown in table 1, indicates that in addition to the defects, the microstructure 

such as grain size could also contribute to the observed property improvement. 

 

Figure 5 The microstructure indicates there is no porosity in gravity casting samples (a) 

and porosity in HPDC samples (b). The Micro-CT observation shows there are some huge 

porosities in HPDC samples with El about 6.4% having big size pores (c) and the porosity 

size is less than 100μm for the HPDC samples with El about 11.5% (d). 

The microstructure in figure 5a and 5b reveals that there is no porosity in gravity tensile 

samples and many pores exist in the HPDC tensile samples. This also demonstrates that 

the simulation results are in strong agreement with the experimental results. To analyse the 

effect of the porosities on the El of HPDC samples, the tested samples with El of 6.4% and 

11.5% were selected for comparison purpose, in which the observation area is close to the 

fracture surface because of this location is more representative for the relationship between 

porosity and fracture than other areas. The Micro-CT results for the HPDC samples with 

the worst El of 6.4% and the average El of 11.5% are shown in figure 5c and 5d 

respectively. For the sample with El of 6.4%, there are some large pores locating in the 

central region of the tensile samples, while the pore size is quite small and uniformly 

distributed for the sample having El of 11.5%. The size of the largest pore varies for the 

HPDC tensile samples and tends to decrease with El increasing and its value is about 

1.3mm, 0.5mm, 0.3mm, 0.24mm and 0.2mm for the samples with El of 6.4%, 7.4%, 9.0%, 

11.5% and 13.5% respectively, as shown in figure 6. And the total volume of porosity 

declines with increasing El for the HPDC samples. The comparison in figure 6 shows the 

maximum pore size in the HPDC samples is less than 0.3mm when the El is more than 9%. 

For the sample with El of 6.4% and 7.4%, the number fraction of pores larger than 0.3mm 

in diameter is 9.8% and 3.1% and the volume fraction of pores larger than 0.3mm in 

diameter is 63.9% and 20.4% respectively. Therefore, for HPDC component, pores larger 
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than 0.3mm in diameter are much more harmful to the tensile strength and El than the 

pores of smaller size. 

 

Figure 6 The porosity size distribution declines towards to less than 0.3mm when the El 

more than 9%, and the total volume of the porosities for the HPDC samples is decreased 

with the El increasing (a). The comparison of the number fraction and volume fraction of 

the porosity larger than 0.3mm is revealed in (b). 

 

Figure 7 The sphericity of the porosity in the sample with elongation of 6.4% (a) and 

11.5% (b), while a pore having sphericity value less than 0.4 means it is shrinkage porosity.  

(c) is a comparison of pores forming by air entrapment between samples having elongation 

of 6.4% and 11.5% respectively. (d) shows the volume and percentage of pore caused by 

air entrapment in samples having elongation of 6.4% and 11.5%. 

Discussion 

For Al alloys produced by HPDC process, there are two types of porosity defects including 

air entrapment pore and shrinkage porosity due to the special filling characteristic. 
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Regarding the micro-CT results, the sphericity is employed to distinguish the porosity type. 

Its value is between 0 and 1 where 1 means it is a perfect sphere. The criteria value of 

sphericity for the porosity type is 0.4, while the value less than 0.4 indicates the porosity 

belongs to shrinkage porosity, and air entrapped pore has the sphericity more than 0.4. The 

sphericity of porosity in HPDC samples having elongation of 6.4% and 11.5% is shown in 

figure 7a and 7b respectively. There are similar trends in these two figures that the big 

porosities in diameter have relative lower sphericity. This reveals that the big pores in 

HPDC samples are contributed by shrinkage porosity. This kind of shrinkage porosity is 

much harmful than the pore having high sphericity to the mechanical properties of HPDC 

AlSi7MgMn alloy. The simulation result in figure 2c indicates that the shrinkage porosity 

varied with the sample location in the whole die cavity and also in the same sample as well. 

Both the experimental results and simulation results reveal that the shrinkage porosity is 

the main factor determining the variation in mechanical properties of HPDC AlSi7MgMn 

alloy. Comparison of the air entrapment in both HPDC samples having elongation of 6.4% 

and 11.5%, as shown in figure 7c, illustrates that the pores caused by air entrapment in 

high elongation samples are slightly smaller than that in low elongation samples. 

Combination with the results in figure 7c and 7d indicates that the air entrapment pores are 

towards to the small amount of total volume and the small size in diameter to the sample 

having a high elongation. 

Figure 8 shows the fracture surface of HPDC AlSi7MgMn alloy having elongation of 

6.4% and 11.5%. It can be seen that there are some obvious pores on the fracture surface 

of both samples, and no other types of inclusions are found in these surface. This is well 

agreement with micro-CT results in figure 5 and indicates that the porosity is the main 

defect in HPDC Al7SiMgMn alloys. 

 

Figure 8  The fracture surface of HPDC AlSi7MgMn alloy having elongation of 6.4% (a) 

and 11.5% (b). 

To disperse the porosity, grain refinement is an effective approach in Al alloys without 

introducing other adverse effects. In addition, it is an important strengthening mechanism 

to improve the YS strength of materials by reducing their grain size [45–47]. Hall-Petch is 

an effective model describing the relation between grain size and the increment in YS for 

the materials with grain size ranging from 1mm to 1μm [48], the equation is as follows.  
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                                                                  (1) 

Where d is average grain size in the unit of μm, k is a constant and typically equal to 

40MPa for aluminium alloys. 

 

Figure 9 The microstructure shows the grain size of the alloy at as-cast state produced by 

gravity casting (a) and HPDC (b). The grain size distribution showing in (c) and (d) is for 

the alloy prepared by gravity casting and HPDC respectively.  

 

The grain microstructure for gravity casting and HPDC tensile samples is shown in figure 

9a and 9b respectively. The microstructure comparison illustrates that the grain size of the 

HPDC sample is much smaller than that of the gravity sample. The average grain size of 

the gravity sample is about 500μm and about 10μm for HPDC sample, as shown in figure 

9c and 9d. According to the Hall-Petch model, the contribution of the grain size of 500μm 

to the increment of the YS is about 1.8MPa, while the increment is about 12.7MPa for the 

grain size of 10μm. However, the average YS for gravity casting and HPDC samples is in 

the same level and its value is about 236.6MPa and 239.1MPa respectively, as seen in 

table 1. Further investigation in the grain microstructure reveals that the grain morphology 

for gravity casting samples is dendrite crystal and is globular for HPDC samples. Within 

the dendritic structure, there are many secondary dendrite arms with an average spacing of 

20μm, as shown in the insert image in figure 9a. The fine secondary dendrite arm spacing 

(SDAS) has proved that it can cause a general increase in YS, UTS and El for materials 

[49–52]. If taking the SDAS into account when predicting the YS by Hall-Petch model, the 

increment is about 8.9MPa for the gravity casting samples. Basing on the prediction results 

of the increment of about 12.7MPa for the HPDC samples, there is a value of 3.7MPa 

higher than gravity samples. This is well agreed with experimental results that the average 

YS for HPDC samples is 2.5MPa higher than that for the gravity samples. In addition to 



11 
 

the contribution of the fine grain size to the YS enhancement, grain refinement will result 

in a more uniform spatial distribution of porosity, minimizing their deteriorating effects on 

the tensile properties. 

 

For A356 alloy, the modification of eutectic Si from coarse acicular flake shape to a 

fibrous rod like form [53-55] is necessary to reduce its adverse influence on the El. Sr was 

employed in the present study to achieve the modification of eutectic Si. It should be noted 

that the eutectic Si is very fine for both gravity and HPDC samples in the as-cast state, as 

shown in figure 10a and 10c respectively. This means that the modification is good enough 

to spheroidise eutectic Si via solution heat treatment at 540±5ºC. With the help of the solid 

diffusion at a relative high temperature, the eutectic Si can be tailored to a spheroid 

morphology and coarsened to some degree by prolonging the holding time. In the present 

study, the Si size ranging from 1 to 10μm in diameter is obtained for gravity and HPDC 

samples as shown in figure 10b and 10d respectively. 

 

Figure 10 The morphology of eutectic Si in gravity casting AlSi7MgMn alloy at as-cast 

state (a) and T6 heat treatment state (b). The Si morphology in HPDC AlSi7MgMn alloy at 

as-cast state and T6 heat treatment state is shown in (c) and (d) respectively.  
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Figure 11 The precipitates in AlSi7MgMn alloys after T6 heat treatment with gravity casting 

(a) and HPDC (b), and (c) a typical high resolution TEM image of one precipitates in (b), the 

inset is FFT pattern.  The precipitate was identified to be β’’ with a monoclinic structure and 

the orientation relationship is <230>Al//<100> β’’, <-310>Al//<001> β’’ 

 

A proper ageing treatment after the solution process can promote the formation of the 

precipitates according to the chemical composition, resulting in the enhancement of 

strength. This is another important strengthening mechanism for Al alloys called 

precipitation strengthening [10,56,57]. For Al-Si-Mg based alloys, the possible 

precipitates are β’’ (Mg5Si6), β’ (Mg9Si5) and β (Mg2Si) phase [58–60]. The needle-like 

monoclinic β’’-precipitate having a lattice constants of a=1.53nm, b=0.405nm, c=0.67nm 

and γ =106° is considered as the most effective hardening precipitates among all types of 

precipitates in Al-Mg-Si alloys [61,62]. In the present study, natural ageing prior to the 

artificial ageing is an important process to form the pre-β’’ clusters containing Si and Mg 

atoms as a precursor for the following artificial ageing at 170±5ºC for 2.5 hours to produce 

β’’-precipitates. The precipitates for gravity samples and HPDC samples are shown in 

figure 11a and 11b respectively. The size of about 5nm x 5nm to the precipitates along a 

<001>Al orientation is well agreed with other reports that the size of needle-like 

monoclinic β’’-precipitate is about 4nm x 4nm x 50nm [62]. The fast Fourier 

transformation (FFT) image pattern in figure 11c confirms that the precipitate presented in 

figure 11a and 11b is β’’ phase, and there is an orientation relation between Al and β’’ 

phase: [230]Al//[100]β’’ and [-310]Al//[001]β’’. In term of the size of β’’ phase and the 

content of Mg in both gravity samples and HPDC samples are exactly the same, the 

contribution of the precipitates to the strength should be at the same level. In addition, the 

improvement of strength contributed by precipitation strengthening will decrease the El of 



13 
 

the alloy. In other words, the improvement in the El for HPDC samples is not attributed to 

precipitation strengthening. 

 

In terms of the elongation of HPDC samples having the big porosities is lower than that of 

gravity casting samples, this means that the porosity is a key factor when its size beyond a 

critical size. Once the porosity level less than the critical value, its influence on the 

property still exists but it is acceptable because of the elongation is higher enough in 

meeting design criteria. Basing on the analysis mentioned above, the improvement of 

elongation for HPDC samples benefits from the uniform distributed smaller porosities and 

the small grain size.  

Conclusions 

Compared to the air entrapment pores, the shrinkage porosity is a dominant cause to the 

variation in mechanical properties of HPDC AlSi7MgMn alloys, in which the maximum 

pore size is sensitive to the elongation of the alloy. The elongation of the HPDC 

AlSi7MgMn alloy increases as the largest pore size decreases, with the total volume of the 

porosity found to be relatively low for high elongation samples. A pore size of 0.3mm was 

critical to HPDC AlSi7MgMn alloy aiming having an elongation more than 9%.  
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