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1. Introduction 

Magnesium alloys belong to the lightest structural alloys. 
They are characterised by low density: ~1,8 g/cm3, tensile 
strength Rm=300÷350 MPa, and hardness ~100HB. Mainly for 
these reasons, magnesium alloys have a widespread application in 
the motor vehicle and aircraft industries as well as in household 
appliances and office machines [1÷3]. The basic magnesium 
alloys contain Mn, Al and Zn which allow obtaining suitable 
properties. Manganese doesn’t have much effect on tensile 
strength, however, it does increase yield strength. It most 

important function is to improve the saltwater resistance of Mg-Al 
alloys by removing iron and other heavy metal elements into 
relatively harmless intermetallic compounds. Aluminium 
enhances both tensile strength and hardness, and improves casting 
properties of an alloy. The best ratio of mechanical to plastic 
properties is obtained with a 6% Al content. An addition of zinc 
in combination with Al aims at improving tensile strength at a 
room temperature, however 1% of Zn with a 7÷10% Al content in 
an alloy enhances hot cracking [4÷6]. In the microstructure of the 
Mg-Al casting alloys can observe: solid solution with
(Mg17Al12) phase precipitations on grain boundaries and regions 
of lamellar mixture +  [7÷9].  
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Abstract
Purpose: GA8 magnesium alloy is a general purpose gravity sand casting alloy containing aluminum, zinc 
and manganese. Typically, it is used in aerospace or commercial casting applications particularly where there 
is no high temperature requirement. The aim of this paper is to present the results of investigations on the 
microstructure of the GA8 magnesium alloy after heat treatment.
Design/methodology/approach: The study was conducted on GA8 magnesium alloys in as-cast condition 
and after heat treatment. The microstructure was characterized by optical microscopy (Olympus GX-70) and a 
scanning electron microscopy (Hitachi S3400) equipped with an electron dispersive detector EDS (VOYAGER 
of NORAN INSTRUMENTS). To measure the stereological parameters, an image analysis program 
“AnalysisPro®” was used.
Findings: The microstructure of GA8 magnesium alloy has a solid solution structure α with α + discontinuous ß 
areas and continuous ß (Mg17Al12) phase at grain boundaries. After solution treatment a reduction of the number of 
ß precipitations was observed. Application of ageing treatment caused precipitation of discontinuous ß phase.
Research limitations/implications: Future researches should involve investigations of the effect of heat 
treatment parameters on the mechanical properties of GA8 magnesium alloy.
Practical implications: The established heat treatment parameters can be useful for preparing heat treatment 
technology of the GA8 magnesium alloy.
Originality/value: The relationship between the initial structure, heat treatment parameters and Mg17Al12 phase 
morphology in GA8 magnesium alloy was specified.
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Solution treatment of magnesium alloys enhances their 
strength, with maximum ductility and resistance to dynamic loads. 
Ageing of solution heat treated alloys allows obtaining maximum 
hardness and yield point, with a decrease of ductility [10÷12]. 
After solution treatment a solid solution of aluminium is present 
in magnesium ( and possibly, some regions of undissolved 
continuous  (Mg17Al12) phase [13]. After ageing, two types of 
(Mg17Al12) precipitations occur in Mg-Al alloy: discontinuous and 
continuous. It has been found that the morphology of 
precipitations of the  phase in Mg-Al alloys depends on the 
chemical composition and temperature [14]. 
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Fig. 1. Influence of Al content and temperature on the mor-
phology of Mg17Al12 phase [13] 

It has been shown that when (Fig. 1): 
at T<Tc1 temperature – only continuous precipitations of 
phase Mg17Al12 occur in the alloy; 
in the temperature range of Tc1<T<Td1  – both continuous and 
discontinuous precipitations of the Mg17Al12 phase occur in 
the alloy; 
in the temperature range of Td1<T<Td2  – only discontinuous 
precipitations of phase Mg17Al12 occur in the alloy; 
in the temperature range of  Td2<T<Tc2  – again, both 
continuous and discontinuous precipitations of the Mg17Al12
phase occur in the alloy; 
in the temperature range of Tc2<T<Ts (solubility limit 
temperature – solvus) – only continuous precipitations of 
phase Mg17Al12 occur in the alloy. 

2. Description of the work methodology 
and material for research 

The material for the research was a GA8 magnesium alloy in 
as-cast condition and after heat treatment. The chemical 
composition of the alloy is shown in Table 1. The solution and 
ageing treatment parameters are presented in Table 2. The 
quantitative evaluation of phases detected in the GA8 alloy after 
heat treatment was performed using a light microscope, 
OLYMPUS GX-71, equipped with an AnalySIS Pro® software as 
well as MetIlo® software [15]. 

Table 1. 
Chemical composition of the GA8 magnesium alloy in wt.-% 

Al Zn Mn Si Fe Ni Mg 
8,7 0,7 0,23 0,04 0,006 0,001 balance

Table 2.  
Parameters of the heat treatment

Solution treatment Ageing treatment Design.
Tem. [°C] Time [h] Cooling Temp. [°C] Time [h] Cooling

N As-cast 
N1 360 3 air - - - 
N2 N1+415 24 air - - - 
N3 N1+N2 170 8 air 
N4 360+415 3+24 air - - - 
N5 N4 170 8 air 

3. Description of achieved results of own 
researches

3.1. Microstructure of the GA8 magnesium 
alloy in as-cast condition 

The microstructure of GA8 magnesium alloy has a solid 
solution structure  with discontinuous  areas and 
continuous  (Mg17Al12) phase at grain boundaries (Fig2). 
Moreover, the occurrence of Mg2Si and Mn5Al8 phases has been 
provided. The average area fraction of continuous  phase was 
AA=6.65% and discontinuous (  areas) was AA=19.99%.

Fig. 2. Microstructure of the as-cast GA8 alloy (sample N) 

3.2. Microstructure of the GA8 magnesium 
alloy after solution treatment 

Solution treatment at 360°C/3h with air cooling led to 
reduction of discontinuous phase area fraction to AA=5.55% and 
continuous phase area fraction to AA=3.44% (Fig.3). Solution 
treatment at a temperature of 415°C, after treatment at 360°C 
caused a considerable (4-times) decrease of the phase quantity 
compared to the state after treatment at 360°C. The area fraction 
of continuous phase decrease to AA=1.2%. The precipitates of 
discontinuous phase weren’t observed (Fig.4). 
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Fig. 3. Microstructure of the GA8 alloy after solution treatment 
360°C/3h/air (sample N1) 

Fig. 4. Microstructure of the GA8 alloy after solution treatment 
360°C/3h/air+415/24/air (sample N2) 

After solution treatment at 360°C/3h/without air cooling and 
415/24/air also a reduction of the number of phase 
precipitations was observed. This treatment led to reduction of 
discontinuous phase area fraction to AA=0,82% and continuous 

phase area fraction to AA=0,46% (Fig.5). 

Fig. 5. Microstructure of the GA8 alloy after solution treatment 
360°C/3h+415/24air (sample N4) 

3.3. Microstructure of the GA8 magnesium 
alloy after ageing treatment 

The ageing treatment 170°C/8h/air applied after solution 
treatment 360°C/3h/air+415/24/air caused increase of discontinuous 

phase area fraction to AA=11,03%, but did not influence to the 
number of continuous phase precipitates (AA=1,07%) compared 
to the state after solution treatment (Fig.6).  

The ageing treatment applied after solution treatment 
360°C/3h/without cooling + 415/24/cooling in air also caused 
increase of discontinuous phase area fraction (AA=2,72%), but 
this increase was very small. The area fraction of continuous 

phase was slightly higher (AA=2.55%) compared to the state after 
solution treatment (Fig.7).  

Fig. 6. Microstructure of the GA8 alloy after solutioning 
360°C/3h/air+415/24/air and ageing 170°C/8h/air (sample N3) 

Fig. 7. Microstructure of the GA8 alloy after solution treatment 
360°C/3h+415/24/air and ageing 170°C/8h/air (sample N5) 

4. Summary 
The subject of the research carried out was an evaluation of 

the effect of heat treatment parameters on the microstructure of 
the GA8 magnesium alloy. It was found that in as cast condition, 
the GA8 alloy had a solid solution structure with 

3.3.	�Microstructure of the GA8 
magnesium alloy after ageing 
treatment

4.	�Conclusions
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discontinuous  areas and continuous  (Mg17Al12) phase at 
grain boundaries.  

After solution treatment a reduction of the number of 
continuous and discontinuous  (Mg17Al12) phase precipitates was 
observed. Solution treatment at 360°C/3h/air led to significant 
decrease of the discontinuous  phase area fraction from 
AA=19.99% to AA=5.55% and continuous phase area fraction 
from AA=6,65% to AA=3.44%  (Fig.8). Both solution treatments 
(samples N2 and N4) at 415°C/24h/air led to fully reduction of 
discontinuous phase area fraction to AA=0% and AA=0.82%, 
respectively and significant reduction of continuous phase area 
fraction to AA=1.2% and AA=0.46%, respectively (Fig.8).  

Fig. 8. Influence of the solution treatment on the  phase quantity 

Application of the ageing treatment caused precipitation of 
discontinuous phase along the solid solution grain boundaries. 
Ageing after solution treatment designated N2 caused increase of the 
discontinuous  phase area fraction from AA=0% to AA=11.03%. The 
area fraction of the continuous  phase did not change (Fig.9). Ageing 
after solution treatment designated N4 caused slightly increase of the 
discontinuous and continuous  phase area fraction to AA=2.72% and 
AA=2.55%, respectively (Fig.9). 

Fig. 9. Influence of the ageing treatment on the  phase quantity 
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