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Introduction  
  

The hypereutectic AlSi17Cu4Mg alloys are applied for castings where wear 

resistance plays a significant role. In addition, these alloys have low thermal 

expansion coefficients as well as good mechanical properties at room temperature 

and elevated temperatures, which make them interesting for high temperature 

applications. In the automotive field the hypereutectic AlSi17Cu4Mg alloys are used 

for example for climate compressor housings and for monolithic engine blocks.  

The high wear resistance of these alloys is based upon the presence of primary 

silicon crystals, which are formed during solidification. The silicon particles with a 

hardness of up to 1148 HV provide the necessary wear resistance for the sliding 

pistons in compressor housings and engine blocks. Moreover, engine blocks made 

from hypereutectic Al-Si alloys have lower weight which leads to a reduced fuel 

consumption and thus lower CO2 emission compared to hypoeutectic Al-Si blocks 

with cast iron liners [1]. 

Monolithic engine blocks in hypereutectic Al-Si alloys are exclusively produced by the 

low pressure die casting process, due to low turbulences during the filling of the die 

[2]. Although high pressure die casting is one of the most highly productive casting 

processes, the production of monolithic engine blocks by the high pressure die 

casting process is limited for the following reasons: 

¥ The solidification starts with the precipitation of primary silicon at about 

660 ¡C. The resulting high casting temperature and the abrasive effect of early 

precipitated Si-particles reduce the die life and the life of the shot chamber. In 

2 
 

addition, high casting temperatures promote the absorption of hydrogen from 

atmospheric humidity or moist materials and the formation of oxides such as 

Al2O3 [3].  

¥ The high latent heat of the primary silicon leads to low viscosity of the 

remaining melt and increases the risk of the melt spurting out of the die during 

the casting process [4, 5]. 

In order to overcome the limitations mentioned above and to adapt this alloy to the 

production of monolithic engine blocks in high pressure die casting as well as to 

improve their tribological properties the following innovative concept will be 

introduced. The silicon content in the hypereutectic Al-Si alloy will be reduced from 

17 wt.-% to 14 wt.-% to allow a lower casting temperature. The addition of iron to the 

alloy compensates the reduced volume fraction of hard primary silicon particles and 

improves the tribological properties. This effect is based on the additional formation 

of the hard iron-containing ! -Al 15Fe3Si2-phase. By adding elements such as Cr und 

Mn the formation of detrimental intermetallic " -Al5FeSi platelets will be avoided.  

 

State of the study   

A uniform distribution of fine primary silicon particles within the aluminum matrix is 

the key for optimal characteristics for the cylinder block surface inside liners. In a 

conventional way, this can be achieved by adding phosphorous to the melt. 

Phosphorous reacts with aluminum in the melt to AlP, which acts as an effective 

heterogeneous nucleant for the silicon phase. Usually, in gravity die castings primary 

silicon particles can be reduced to a size of as small as 50 ! m. However, by adding 

phosphorus to the melt the precipitation temperature of silicon particles increases. 

Moreover, in presence of iron in the melt phosphorus promotes the formation of 

intermetallic ! -platelets [6]. Therefore, the addition of phosphorus to the melt has to 

be avoided. 

Iron (Fe) is the most common detrimental impurity in aluminum casting alloys. The 

typical secondary Al-Si alloys usually contain iron levels ranging from 0,2 wt.-% - 0,8 

wt.%. In high pressure die casting, iron is often added to prevent the molten Al alloy 

from soldering to the steel die.  
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