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This article deals with the influence of the mold material on the segregation process in selected Al-Si 
alloys. Three types of Al-Si alloys were chosen in order to compare the segregation process while conge-
aling. AlSi7Mg0.3, AlSi7Cu4 and AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloys were cast by gravity casting in a 
metal and sand molds. Macroscopic and microscopic analysis of the internal structure of each of the 
alloys was also studied. The chemical composition within the lower, middle and upper parts of the casts 
were observe by using scanning electron microscope. All samples were subjected to the Vickers 
microhardness measurement of a solid solution of α(Al). The microhardness measurement was perfor-
med to verify the constancy of the mechanical properties of the solid solution α(Al) under different soli-
dification conditions. The distance between the secondary axes of the dendrites DAS (Dendrite Arm 
Spacing) was used to evaluate the level of segregation. 
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 Introduction 

Aluminum is one of the most common elements 
on earth and is mainly used in alloys in combination 
with various elements [1]. Mechanical properties can 
be improve by adding alloying elements [2]. Alumi-
num alloys are one of the most widely used metal ma-
terials [3]. According to the processing technology, 
aluminum alloys can be divided into alloys suitable for 
forming and for casting [1]. 

Al-Si alloys represent the largest part of casting ma-
terials [2]. They are mostly casted using gravity casting. 
Gravity casting is the processes, where the mold is 
filled with melt due to gravity [4,5]. It can be cast into 
sand or metal molds. Gravity casting of light alloys is 
mainly used in the automotive industry, such as cylin-
der heads, wheel discs etc. [6,7]. 

On the other hand the gravity casting can cause a 
number of undesirable phenomena (e.g., segregation). 
Aluminum alloys with a higher number of alloying ele-
ments are prone to segregation. Segregation affects 
the mechanical, chemical and physical properties of 
the alloy [8]. The cause of segregation is the gradual 
solidification of the grain during the gradual transfor-
mation of the solid phase [9,10]. The degree of se-
gregation depends, among other things, on the cooling 
rate and is related to the distance from the main axes 

of the dendritic cells. In the sand form, the melt will 
solidify more slowly, the distance between the main 
axes of the dendritic cells will be longer.  

Metalic form helps faster solidification resulting 
into the smaller distance between the main axes of the 
dendritic cells, and a fine-grained structure is formed. 
A greater distance between the main axes of the den-
dritic cells facilitates segregation during the lower coo-
ling rate. The cooling process is related to heat remo-
val and is significantly affected by the material of the 
mold [8]. Segregation in the alloy cannot be prevented, 
but it can be suppressed by homogenization annealing 
[11]. 

 Materials and methods 

 Three alloys were used in order to conduct this re-
search. AlSi7Mg0.3 alloy, designated according to Eu-
ropean standards as EN AC-42100. Is usually used for 
casting. Due to the possibility of its hardening, it is wi-
dely used in the automotive and aviation industries 
[12,13]. This alloy was assumed to have the lowest le-
vel of segregation due to the low content of alloying 
elements. Mg2Si, Al5FeSi type phases are assumet to 
be present within this alloy microstructure. The che-
mical composition of the this alloy according to the 
standard is presented in Tab 1 below. 

Tab. 1 Chemical composition of AlSi7Mg0.3 [12] 

Chemical el. Al Si Mg Ti Fe Mn Zn Cu 

wt [%] 91.3-93.3 6.5-7.5 0,25-0.45 0-0.25 0-0.19 0-0.1 0-0.07 0-0.05 
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Tab. 2 Measured chemical composition of AlSi7Mg0.3 

Chemical el. Al Si Mg Ti Fe Mn Zn Cu 

wt [%] base 6.9 0.31 0.25 0.17 0.1 0.06 0.03 

Tab. 3 Chemical composition of AlSi105Cu1.2Mn0.8Ni1.2Pb0.5 [14] 

Chemical el. Al Si Cu Mn Ni Pb 

wt [%] 85.8 10.5 1.2 0.8 1.2 0.5 

Tab. 4 Measured chemical composition of AlSi105Cu1.2Mn0.8Ni1.2Pb0.5 

Chemical el. Al Si Cu Mn Ni Pb 

wt [%] base 10.6 1.1 0.9 1.3 0.4 

Tab. 5 Chemical composition of AlSi7Cu4 [15] 

Chemical el. Al Si Mn Cu Pb Fe Zn Mg 

wt [%] ≧80 6.5-8.0 ≦0.65 3.0-4.0 ≦0.15 ≦0.8 ≦0.65 0.3-0.6 

Tab. 6 Measured chemical composition of AlSi7Cu4 

Chemical el. Al Si Mn Cu Pb Fe Zn Mg 

wt [%] base 6.8 0.5 4.0 0.04 0.55 0.25 0.3 

 
The second observe alloy was 

AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 without a standardi-
zed designation. The AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 
alloy was developed as a replacement for the 
AlSi7Mg0.3 alloy and was granted European patent 
EP306352. This alloy contains a large number of all-
oying elements, there is an assumption of the highest 
degree of segregation compared to other alloys. 
Al5FeSi, Al3Ni or Al2Cu type phases will probably 
form in the alloy. The chemical composition of the gi-
ven alloy is presented in Tab 2 below [14]. 

Another alloy was the AlSi7Cu4 alloy, referred as 
EN AC-46300 according to the standards [15]. It is an 
alloy intended for casting and can be also hardened. It 
is used where high strength and stiffness are required. 
It is used in automotive industry, aviation industry etc. 
For this alloy, the assumption of a higher degree of 
segregation than for the AlSi7Mg0.3 alloy, but at the 
same time lower than for the 
AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy. There will li-
kely be Al2Cu and Al5FeSi type phases can occure 
within the alloy microstructure [16]. The chemical 
composition of the given alloy according to the stan-
dard is presented in Tab 3 below.  

The most common method for determining the 
dendritic structure is the DAS (Dendrite Arm Spacing) 
method. Dendrite dispersion, which is the distance 
between the secondary axes of the dendrites (see Fig. 
1). The distance is usually between 10 and 150 μm. 
These values were metallographically determined 

using a confocal microscope. DAS values depends on 
the rate of cooling of the alloy in the solidification in-
terval [1]. 

 

Fig. 1 DAS measurement scheme 
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 Prepared samples 

Melting was conducted in graphite crucibles in 
an electric resistance furnace. The casting tempera-
ture was 730 °C ± 5°C . Before casting into molds, 
the melt was refined using ECOSAL refining salt. 
Each alloy was cast in a sand and metal molds. The 
molds were preheated at temperature of 200 °C in 
order to remove possible humidity. Samples were 
cut out from three places of the casts. The scheme 
of sampling locations is denoted in Fig. 2 below.  

A total of 18 samples were prepared. Labeling of 
the samples, type of alloy, material of the mold and 
place of sampling is presented in Tab 4. 

 
Fig. 2 Macrostructure of 

AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy 
a) sand mold b) metal mold 

Tab. 4 Materials used for sample preparation 
Sample Substrate Casting mold material Cast sampling area 

AK1 

AlSi7Mg0.3 

Metal 
bottom part of the cast 

AK2 middle part of the cast 
AK3 top part of cast 
AP1 

Sand 
bottom part of the cast 

AP2 middle part of the cast 
AP3 top part of cast 
BK1 

AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 

Metal 
bottom part of the cast 

BK2 middle part of the cast 
BK3 top part of cast 
BP1 

Sand 
bottom part of the cast 

BP2 middle part of the cast 
BP3 top part of cast 
CK1 

AlSi7Cu4 

Metal 
bottom part of the cast 

CK2 middle part of the cast 
CK3 top part of cast 
CP1 

Sand 
bottom part of the cast 

CP2 middle part of the cast 
CP3 top part of cast 

 Results 

 Confocal microscopy 

A Laser Confocal Microscope Olympus OLS 3100 
was used to examine the microstructure of all samples. 
Due this analysis, it is possible to observe a solid solu-
tion of aluminum α and eutectic, which is excluded 
along the borders of dendritic cells, in all images (see 

Fig. 3-5). The eutectic is formed by a solid solution of 
α and silicon particles. In the images below, we can 
observe The differences in the size of the dendritic 
cells in the samples cut out from the upper part of the 
casting casting can observed. In metal mold castings, 
the size of the dendrites is significantly smaller than in 
sand mold castings. This is due to the faster cooling 
rate – the metal mold dissipates heat better. 

 
Fig. 3 Microstructure of the AlSi7Mg0.3 alloy – bottom part of the cast,  

a) metal mold b) sand mold 



November 2022, Vol. 22, No. 5 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

indexed on: http://www.scopus.com 620  

 
Fig. 4 Microstructure of the AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy – bottom part of the cast,  

a) metal mold b) sand mold 

    

Fig. 5 Microstructure of the AlSi7Cu4 alloy – bottom part of the cast, 
a) metal mold b) sand mold 

 Scanning electron microscopy 

 The samples were examined using a Scanning 
Electron Microscope Tescan VEGA 3 with EDX de-
tector Bruker X-Flash Nano. The analysis was per-
formed for sampling area 2 (middle part of the cast) 
of each alloy. Using confocal microscopy, these 
samples were selected to identify intermetallic phases 
and elemental distributions. 

Figures 6-8 show elemental maps from three 
samples – AK2, BK2 and CK3.  Figure 6 shows the 
elemental map of sample AK2 from AlSi7Mg0.3 
alloy. In addition, the intermetallic phase Al5FeSi, 
precipitated in the shape of a needle, was captured in 
the investigated area.  

 

Fig. 6 Element map of sample AK2 
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Fig. 7 Element map of sample BK2 

Figure 7 shows the elemental map of the selected 
area from the AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy 
from the BK2 sample. In addition, the following 
phases were also detected in the investigated alloy: α-
AlFeMnSi, Al3Ni and Al2Cu. As can be seen in Fig. 7, 
the α-AlFeMnSi phase was excluded in the form of a 
skeletal structure - they are so called „Chinese script“. 

The elemental map of the selected area from the 
AlSi7Cu4 alloy are presented on Figure 8 (from the 
BK2 sample). The figure also represents the Al5FeSi 
and Al2Cu phases. The second Al2Cu phase were ex-
cluded along the grain boundaries. 

 
Fig. 8 Element map of sample CK2 

 Dendrite arm spacing 

The Graph 1 shows the average values from the 
measured values of the distances of the secondary axes 
of the dendrites for all samples from both sand and 
metal mold castings. The values for the sand mold 
samples are approximately three times higher than the 
values for the metal mold samples. The different va-
lues were caused by the different cooling gradient 
between the metal and sand molds. The largest size of 
dendrites was acquired by the AlSi7Mg0.3 alloy casting 
cast in a sand mold. The 
AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 and AlSi7Cu4 alloy 
samples that were cast in a sand mold had approxima-
tely the same grain size. This phenomenon can be ob-
served for the grain size of castings from metal molds. 

 

Graph 1 Dendrite arm spacing of prepared samples 

10

20

30

40

50

60

70

80

90

AK1 AK2 AK3 AP1 AP2 AP3 BK1 BK2 BK3 BP1 BP2 BP3 CK1 CK2 CK3 CP1 CP2 CP3

AlSi7Mg0.3 AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 AlSi7Cu4

D
A

S 
[µ

m
]



November 2022, Vol. 22, No. 5 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

indexed on: http://www.scopus.com 622  

 Microhardness 

All af the samples were subjected to microhardness 
analysis. 10 measurements were conducted on each 
sample via SHIMADZU HMV Micro Hardness Tes-
ter. The average microhardness values of the alumi-
num solid solution of all samples was presented in the 
Graph 2 below.  

The highest microhardness values of aluminum so-
lid solution for each alloy are shown by castings from 
a metal mold. Microhardness decreases with increa-
sing distance from the bottom of the casting. For 
castings from sand forms, significant differences in 
microhardness values cannot be observed. The 
highest microhardness values was revealed within the 
AlSi7Cu4 alloy, in both metal and sand mold castings. 

 

Graph 2 Microhardness of solid solution α prepared samples 

 Conclusion 

Casting into different casting molds causes diffe-
rent solidification conditions in dependands of the 
mold  
material. A metal mold has a higher cooling gradient 
than a sand mold. This significantly affected the pro-
cess of segregation. The different cooling rate was sig-
nificantly reflected in both macrostructure and 
microstructure. 

Results indicate that the casts of the metal mold 
acquire higher values of the microhardness of the solid 
solution α in comparison with the sand mold casts. 
AlSi7Mg0.3 alloy castings from a metal mold reveal in 
average 
5 % higher values of solid solution microhardness α 
compared to sand mold casts. For the 
AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy microhardness 
difference increases up to 12 %. For the AlSi7Cu4 
alloy, the increase is in average 6 %. 

Significantly larger dendritic cells can be observed 
within sand mold casts in comparison with metal mold 
casts. Sand mold AlSi7Mg0.3 alloy casts reveal in 
average 68 % larger dendrite size than metal mold 
casts. For the AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy 
the grain size increased by 65 %. For the AlSi7Cu4 

alloy grain size increases 67 % on average. 
Al5FeSi intermetallic phases were identified in the 

AlSi7Mg0.3 alloy. Al5FeSi, Al3Ni and Al2Cu  
intermetallic phases were identified in the 
AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy, which conta-
ined the largest amount of alloying elements. Interme-
tallic phases Al2Cu and Al5FeSi were identified within 
AlSi7Cu4 alloy. 
The aim of the research was to compare the character 
of the microstructures of various AlSi-type hypoeu-
tectic alloys depending on the material of the casting 
mold used. It was found and confirmed that the newly 
developed AlSi10.5Cu1.2Mn0.8Ni1.2Pb0.5 alloy has 
the same grain refinement effect as AlSi7Mg0.3 alloy 
and AlSi7Cu4 alloy when using metal molds. 
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