
MICROSTRUCTURAL INVESTIGATION OF CASTING DEFECTS IN AA7075 
ALLOY PRODUCED BY THIXOCASTING 

 
Volkan Kilicli, Ph.D.1, Neşet Akar, Ph.D.1, Mehmet Erdogan, Ph.D.1 and Kadir Kocatepe, Ph.D.1 

Department of Metallurgical and Materials Engineering, Faculty of Technology, Gazi University, 06500, Teknikokullar, Ankara, 
Turkey 1 

 

Abstract: The microstructural features of casting defects in a thixocast AA7075 alloy were investigated in the present work. 
Microstructural examinations were conducted by using scanning electron microscope. It was observed that the presence of micro shrinkage 
at dendritic solidified region and microsegregation at grain boundaries. Hot tears were determined in the liquid rich region. Liquid 
segregation was also observed in the sharp corner region in the specimens. The casting defects are responsible of the unexpected lower 
mechanical properties in thixocast AA7075 alloy. 
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1. Introduction 
Semi-solid metal (SSM) forming is an attractive materials 

processing method as an alternative to traditional forging or casting. 
The advantages of SSM forming are: (a) materials are of better 
ability to fill a mold, (b) dies are of longer life and (c) products can 
have better mechanical properties. A complex part can be made in 
one working procedure by semi-solid forming. Semi-solid metal 
forming, which has been widely used in the field of automobile, 
spaceflight and aviation, is a promising method of materials 
processing [1]. 

 
Most of parts in wrought aluminum alloys are machined for 

minor production or forged and then machined for mass production. 
Machining operation is expensive and not adapted for mass 
production. Another disadvantage is the waste material during 
forging and machining operation. To lower the part cost for mass 
production, machining has to be reduced to a minimum by forming 
near-net-shaped parts. Thixocasting process is a semi-solid metal 
processing route (SSM), which involves forming of alloys in the 
semi-solid state to near-net-shaped products [1-4]. 

 
AA7075 aluminum alloy is the wrought Al-Zn-Cu-Mg alloy 

which most widely used material for aircraft and aviation 
applications. The 7075 alloy provide highest strengths of all 
aluminum alloys. Although this alloy is heat treatable, very high 
strength and high fracture toughness, it has poor castability 
properties [5]. Recent studies showed that the AA 7075 alloy was 
successfully formed by semi solid processing [6-12]. The liquid 
fraction, injection speed and the die temperature have great 
influence to control of the microstructure and mechanical properties 
of AA 7075 alloy [7-12]. 

 
In this research, we focused on microstructural features of 

casting defects in AA7075 aluminum alloy produced by 
thixocasting. 

2. Experimental Procedures 
A commercial AA7075 aluminum alloy used in thixocasting 

experiments with the chemical composition given in Table 1. 
 

Table 1. The chemical composition of AA7075 wrought aluminum alloy used 
in this experiments (wt.-%). 
 

Zn Mg Cu Mn 
5,599 2,033 1,329 0,183 

Si Cr Ti Fe 
0,383 0,157 0,007 0,741 

Ni Pb Sn Zr 
0,008 0,043 0,012 0,001 

V Ga Se Al 
0,006 0,014 0,001 Kalan 

Cylindrical specimens of 40 mm diameter and 55 mm length of 
AA7075 alloys were prepared by strain induced melt activation 
process (SIMA) as a feedstock for thixocasting. 

 
 Thixocasting process was conducted at a cold chamber high 

pressure die casting machine using with medium frequency 
induction heating generator. Specimens were formed at 611°C 
which correspond to the 50% liquid fraction and different injection 
speeds at constant die temperature (150°C). The liquid fraction was 
calculated from DTA data. The experimental set-up of thixocasting 
process schematically represented at Fig. 1. 
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Fig. 1 Schematic representation of experimental set-up for thixocasting 
process  
 

AA7075 alloy part produced by thixocasting illustrates in Fig. 
2. The specimens were cut from thixocast AA7075 part and 
metallographic examination regions shows in Fig. 3. Specimens 
were prepared by standard metallographic procedures and polishing 
with up to 0.1 µm colloidal silica and etching with Keller’s reagent. 
Microstructural features were studied using Leica DM400M optical 
microscope and Jeol JSM 6060LV scanning electron microscope 
(SEM). 

 

 
 
Fig. 2 AA7075 alloy part produced by thixocasting. 

20 mm 
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Fig. 3 Metallographic examination regions of thixocast AA7075 aluminum 
specimens. 

3. Experimental Results and Discussion 
Fig. 4 illustrates the SEM micrographs of micro porosity in 

thixocast AA7075 specimens. The micro porosities were observed 
at the triple junctions or solid/solid interfaces of grains. The micro 
porosities were formed at triple junctions due to lack of enough 
liquid phase. The liquid phase wetted the solid/solid interfaces with 
capillary action and the triple junctions did not feed properly due to 
exhausted liquid phase.  Burke et. al. [6] reported that the presence 
of micro porosities in microstructures of AA7075 aluminum alloy 
produced by thixoforming. 

 
Türkeli and Akbaş [7] were reported that the presence of the 

microporosities at grain boundaries in microstructures of 
thixoformed AA7075 aluminum alloy. Kırtay [8] emphasized that 
the hydrogen dissolution in liquid phase were caused the formation 
of microporosities.  

 
There is no extra liquid phase in order to feed liquid phase 

remained at grain boundaries in thixocasting. The presence of 
microshrinkages was observed in solid/liquid interfaces due to 
shrinkage of liquid phase during solidification (Fig. 5). Chayong et. 
al.[9] reported that the presence of microshrinkages can be 
attributed the liquid feeding does not supply properly in semi-solid 
region during thixoforming of AA 7075 alloy. 
 

Dendritic solidification was also observed at liquid pool in 
microstructures of thixocast AA7075 alloy (Fig. 6). The regions 
between the dendrites are rich in the lower melting point element, 
since these regions represent the last liquid to freeze [13]. In 
addition, the presence of microshrinkages at dendritic solidified 
regions was determined.  

 
It was observed that the presence of hot tearing at liquid rich 

regions in microstructures of AA7075 alloy produced by 
thixocasting (Fig. 7). It is known that the microsegregations at grain 
boundaries caused to hot tearing [13]. Moreover, the temperature 
gradient between the solid phase and liquid phase and shrinkage 
formation during cooling of solid phase were lead to the hot tearing. 
Vaneetveld et. al. [11] reported that the thixoforged parts of 
AA7075 alloys which are hot-crack-sensitive aluminum alloys. 
 

Fig. 8.a shows SEM micrograph of the microsegregation at 
grain boundary and Fig. 8.b shows an EDS line analysis of the grain 
boundary. It can be clearly seen the Cu segregation at grain 
boundary from the EDS line analysis. Similarly, Türkeli et al. [7] 
and Sang-Yong et. al. [13] was observed that the Cu segregation at 
grain boundaries in thixoformed 7075 alloy. 

 
The presence of liquid segregation was observed in the sharp 

corner region in the specimens (Fig. 9). The sharp corners of die 
were caused the liquid segregation of the thixoformed parts. 
Similarly, Chayong et. al. [10] reported that the sharp corner of die 
was caused the liquid segregation and turbulence filling of the die 
during thixoforming of AA7075 alloy. 

 

 

 
Fig. 4. SEM micrographs of micro porosity in AA7075 aluminum alloy 
produced by thixocasting, a) X1000 magnification and b) X2000 
magnification 

 

 

 
Fig. 5 SEM micrographs of microshrinkage of liquid phase in AA7075 
aluminum alloy produced by thixocasting, a) X2000 magnification and b) 
X5000 magnification 
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Fig. 6. SEM micrographs of dendritic solidification in liquid pool in AA7075 
aluminum alloy produced by thixocasting, a) X1000 magnification and b) 
X2000 magnification. 
 

 
Fig. 7 SEM micrograph of hot tearing in liquid phase in AA7075 aluminum 
alloy produced by thixocasting 
 

Experimental results indicate that the many casting defects were 
observed in microstructure of the AA7075 aluminum alloy 
produced by thixocasting. The lower mechanical properties of 
thixocast AA7075 alloy can be attributed casting defects. To avoid 
these casting defects the thixocasting process parameters (liquid 
fraction/semi solid temperature, injection speed, injection pressure 
and die temperature) must be controlled tightly. Vaneetveld et. al. 
[11] reported that prevention of microsegregation and hot cracking, 
warm tool, higher injection speed and lower solid fraction should be 
a solution. 

 
 

 
(a) 

 

 
(b) 

Fig.8 The microsegregation at grain boundary in AA7075 aluminum alloy 
produced by thixocasting, a) SEM micrograph and b) EDS line analysis. 

 

 
Fig. 9 Optical micrograph of the presence of liquid segregation at sharp 
corner of die in AA7075 aluminum alloy produced by thixocasting. 

4. Conclusion 
The following casting defects have been observed in 

microstructures of the AA7075 aluminum alloy produced by 
thixocasting; 

 
• Microporosity. 
• Mikroshrinkage. 
• Dendritic solidification in liquid pool. 
• Hot tearing in liquid phase. 
• Microsegregation at grain boundaries. 
• Liquid segregation in the sharp corner of die. 

a 

b 

Die corner 
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