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Aluminum alloys are widely used in industry due to their lightness and ease of machining. Concurrently, the mechanical 
properties of aluminum alloys can be increased by different development studies. Grain refining, modification and heat tre-
atment can be given as examples of these development studies. In this study, the influences that may occur in mechanical 
properties by adding lithium (Li) additions, which are generally used for lightening in aviation applications, to AlSi9Mg alloy 
at different levels have been investigated. Due to the slag problems especially at high Li ratios, a study with relatively low 
Li addition ratios has been developed. At the same time, the effect of Li additions on high temperature and holding times 
was also studied. According to the results of the study, it was observed that a high amount of slag was formed at the high Li 
addition level and the mechanical properties were in a decreasing trend. In addition, it has been observed that the increase 
in Li level negatively affects the fluidity. It was also observed that the holding times dramatically decreased the Li values in 
the aluminum alloy structure, this decrease occurred in the ultimate tensile strength (UTS) and yield strength (YS), while the 
unit elongation (%) increased slightly.
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INTRODUCTION
The usage of aluminum and its alloys have increased in 
many applications and industries in last years. Although 
aluminum alloys are used in the aviation, marine and de-
fense industries, the automotive industry is the largest 
market for castings [1]. Aluminum is increasingly used 
and demanded in the automotive industry due to the in-
creasing fuel efficiency demand and emission regulations 
in last decades. In addition to its low density, it shines 
among other alternatives with its excellent castability, 
high specific strength and easy processability. Thanks to 
these properties, aluminum alloys are preferred in many 
automotive parts such as wheels, cylinder heads, engine 
blocks, brackets and pistons [2].

Lei et al. studied on the influences of Li on the micro-
structure and properties of hypoeutectic Al-7Si alloy. 
They used various techniques to characterize the mi-
crostructural evolution. Tensile tests were performed to 
investigate the mechanical properties of the alloys with 
varying Li additions. In conclusion, the effects of varying 
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Li additions of the Al-7Si alloy are that the addition of Li 
remarkably changed the morphology of eutectic Si and 
the coarse AlLiSi intermetallic phase was observed in the 
alloys with increasing Li content greater than 0.2%. With 
the 0.1% Li addition, the as-cast alloy obtained the best 
tensile properties compared to the other experimental al-
loys [3]. 

Ashtari et al. investigated on the influence of Li addition 
on the intermetallic compounds in Al–6.5%Si–3.5%Cu–
1%Fe cast alloys. According to their study, Li successfully 
modifies the morphology of the β-Al5FeSi phase from co-
arse intersected and branched platelets into finer and in-
dependent ones. They noted at the end of their study that 
the addition of Li should be carefully controlled to add 
minimum amount to avoid the AlLiSi phase formation [4].

Karamouz et al. studied on the influence of heat treat-
ment and lithium content on microstructure and mecha-
nical properties of A380 aluminum alloy. In their study, 
the effects of a T4 heat treatment on the microstructure 
and tensile properties of an A380 aluminum alloy with and 
without lithium (Li) additions have been investigated. The 
results showed that when the T4 heat treatment was ap-
plied, spheroidized eutectic Si particles and β-phase par-
ticles were formed. Significant improvements in tensile 
properties were also observed in heat-treated samples. In 
conclusion, they noted that T4 heat treatment improves 
the tensile properties for both non-modified and modi-
fied alloys. T4 heat treatment and the addition of Li to A380 
aluminum alloy have considerable influences on the mi-
crostructure [5].

Din et al. added different range of Li to conventional Al-
0.9Mg-0.5Si alloy in their work. The levels are 0, 1, 2 and 
3 wt.% Li respectively. The extruded samples are aged to 
investigate the effect of Li addition on the metallurgical 
and mechanical properties. In the results, the density of 
conventional alloy was reduced up to 7.8% while the ul-
timate tensile strength (UTS) increased by 62% with 3% 
Li addition. Microstructure results showed that, Li was ef-
fective in reducing the grain size. The ageing trend first 
decreased for 1 wt.% Li addition and then increased with 
increasing Li content from 2 to 3 wt.% at the expense of 

ductility [6].

Karamouz et al. investigated on the effects of lithium (Li) 
on the microstructure, hardness and mechanical proper-
ties of casted A380 aluminum alloy. In the results, Si pha-
ses changed from course structure into the fine structure 
with increase of Li content up to 0.1%. Tensile tests that 
with addition of 0.6% Li, the ultimate tensile strength 
(UTS) and elongation values increased from 274 to 300 
MPa and 3.8% to 6%, respectively. Adding 0.03–0.1% Li to 
the A380 aluminum alloy decreased the hardness values 
of the alloys. In presence of 0.03–0.1% Li UTS and elonga-
tion of the A380 aluminum alloy were improved. Among 
the Li-containing A380 aluminum alloys, specimens with 
addition of 0.06% Li exhibit the best mechanical proper-
ties [7].

Mørtsell et al. have study about the effects and beha-
viour of Li and Cu alloys in Al-Mg-Si alloys. They noted 
that smaller amounts of Cu and Li also improves thermal 
stability. By substituting some Mg with Li, it is possible to 
achieve higher strength to weight ratios without altering 
the precipitation sequence of the alloys or sacrificing the 
hardening potentials [8].

Koshino et al. characterized the microstructure the Al-
Mg-Si(-Li) alloys by transmission electron microscopy 
(TEM), energy dispersive X-ray spectroscopy (EDS) and 
atom probe tomography (APT) [9].

MATERIALS AND METHODS
As mentioned before, the main automotive manufacturers 
are demanding aluminum alloy wheel product due to low 
density, high specific strength, high corrosion resistance, 
good machinability, and recyclability. AlSi7 and AlSi11 are 
the most used materials in wheel production [10]. Never-
theless, the alternative materials as AlSi9 are investigated 
in this study. Base metal melting was carried out at 720 °C 
using 10 kg SiC (graphite) crucibles. Li master alloying was 
carried out at 720 ± 30 °C. The application temperature was 
determined from the phase diagram specific to AlLi5 ma-
ster alloy. While determining the range; “Multicomponent 
Phase Diagrams: Applications for Commercial Aluminum 
Alloys – Alloys with Lithium” [11] and “Microstructure 
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characterization of as-cast Al–Mg–Si alloys with high con-
tent Li element addition” [12] were used.
The trial casting with various Li master alloy was started. 
In the trial castings, 0.1 and 0.2 wt% were chosen in the 
castings. Additionally, one hour of holding period at the 
melting temperature was investigated in order to see the 
change of elements such as Li, which has the risk of bur-
ning at high temperature. The change in the content of the 

metal in these two stages and its effect on the metallur-
gical-mechanical properties were investigated. When the 
chemical analysis results were evaluated, no abnormal si-
tuation was observed in the trial castings (Table 1-4). The 
1-hour waiting period resulted in noticeable reductions 
in Li levels. This result also supported the knowledge of 
Li master alloy to burn (decompose) after holding at high 
temperature.

SI [%] FE [%] CU [%] MN [%] MG [%] ZN [%] TI [%] CR [%]

8,593 <0,050 0,0030 <0,0010 0,141 <0,0010 0,116 <0,005

NI [%] PB [%] SN [%] NA [%] CA [%] ZR [%] V [%] BE [%]

0,0027 <0,0020 <0,0010 0,000 0,0030 0,0013 0,012 0,000

LI [%] CO [%] SB [%] P [%] B [%] AL [%]

0,086 0,0011 0,014 <0,001 <0,000 90,94

Tab.1 - Chemical composition of the AlSi9 with Li (%0.1) and Holding Time t=0 h.

SI [%] FE [%] CU [%] MN [%] MG [%] ZN [%] TI [%] CR [%]

8,629 <0,046 0,0036 <0,0010 0,144 <0,0010 0,115 <0,005

NI [%] PB [%] SN [%] NA [%] CA [%] ZR [%] V [%] BE [%]

0,027 <0,0020 <0,0010 0,000 0,0024 0,0015 0,012 0,0000

LI [%] CO [%] SB [%] P [%] B [%] AL [%]

0,025 0,0006 0,0059 <0,0010 <0,000 90,98

Tab.2 - Chemical composition of the AlSi9 with Li (%0.1) and Holding Time t=1 h.

SI [%] FE [%] CU [%] MN [%] MG [%] ZN [%] TI [%] CR [%]

8,583 0,051 0,0023 <0,0010 0,140 <0,0010 0,113 <0,0050

NI [%] PB [%] SN [%] NA [%] CA [%] ZR [%] V [%] BE [%]

0,0027 <0,0020 <0,0010 0,000 0,0032 0,0013 0,012 0,000

LI [%] CO [%] SB [%] P [%] B [%] AL [%]

0,230 0,0014 0,0092 <0,0010 <0,000 90,81

Tab.3 - Chemical composition of the AlSi9 with Li (%0.2) and Holding Time t=0 h.

SI [%] FE [%] CU [%] MN [%] MG [%] ZN [%] TI [%] CR [%]

8,455 <0,044 0,0019 <0,0010 0,135 <0,0010 0,116 <0,005

NI [%] PB [%] SN [%] NA [%] CA [%] ZR [%] V [%] BE [%]

0,026 <0,0020 <0,0010 0,000 0,0024 0,0015 0,012 0,000

LI [%] CO [%] SB [%] P [%] B [%] AL [%]

0,029 0,0012 <0,0010 <0,0010 <0,000 90,90

Tab.4 - Chemical composition of the AlSi9 with Li (%0.2) and Holding Time t=1 h.
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Fig.1 - Macrostructures.

Tab.5 - Microstructures.
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Tab.6 - Mechanical properties of First Trial Casting.

CONCLUSIONS
It was concluded that Li addition could not reach the de-
sired improvement in the elongation values in AlSi9 alloy, 
the fluidity was negatively affected by the increasing Li le-
vel, and as the holding time was increased, the Li ratio was 
decreased approximately 70%.
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