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ABSTRACT 
  
 In this research, a pulsed Neodymium Yttrium Aluminum Garnet (Nd:YAG) laser with wavelength 532 
nm, the time of irradiation was 5 min for different power from 250 to 2100 mW and pulse width of 8 ns were 
used. The microstructure and microhardness (Hv) of the hypereutectic Al-18wt%Si alloy were studied after laser 
treatment. The results showed that the laser-treated samples had positively affected eutectic silicon morphology 
according to the enhancement in the measured mechanical properties. On the other hand, increasing laser power 
led to the formation of precipitates which can be considered dendrite boundaries that divided the material in the 
same way that the grain boundaries do. 
 
Keywords: Al-18wt%Si alloy, Nd: YAG Laser, Microhardness (Hv) and Scanning Electron Microscope (SEM). 

 

1. Introduction 
 
 Aluminum alloys with silicon as a major alloying element constitute a class of materials which provide 
the most significant part of all shaped castings manufactured, having a wide range of applications in the 
automotive and aerospace industries (Zhong et al., 2010; Zhong et al., 2010; Wang et al., 2009; Chen et al., 
2010; Anantha et al., 1994; Osόrio et al., 2008; Osόrio et al., 2009; Pan et al., 2014). Some elements such as 
Copper, Magnesium, Manganese, Zinc and Iron are widely added into the Al-Si melt to a significant quantity so 
that the alloy’s sensitivity to heat treatment and microstructure is changed. Thus alloying has become an 
effective method to improve the mechanical properties of Al-Si alloy (Lenka, et al., 2012). Unfortunately, the 
surface properties of Al alloys are not good enough for some technical applications, in particular their 
tribological properties such as wear resistance are poor (Haoran et al., 2001). 
 Advanced industrial applications require materials with special surface properties such as high 
corrosion, wear resistance and hardness. Alloys possessing of these properties are usually very expensive and 
their utilization drastically increases the cost of its production. Among the surface engineering techniques, a 
relatively new and attractive method is laser surface treatment. In other words, laser surface treatment 
technologies have become more important in industry to cut costs and avoid the need for expensive materials 
(Roman et al., 2011). Additionally, laser surface treatments are an efficient mean of local transformation of 
mechanical and chemical properties. The cleanliness, speed and automation inherent to the laser process are also 
factors in making laser applications extremely competitive in an industrial environment (Osόrio et al., 2008). 
 Laser surface melting (LSM) is a well-established technology applied to many materials for hardening 
reducing porosity, increasing wear and corrosion resistance. LSM is a versatile and promising technique that can 
be used to modify the surface properties of a material without affecting its bulk property (Yue et al., 2004; Rams 
et al., 2007). The modifying in the surface properties of the material is due to rapid melting followed by rapid 
solidification. The intimate contact between the melt and the solid substrate causes a very fast heat extraction 
during solidification resulting in very high cooling rates of the order of 105 to 108 k/s. The high cooling rates to 
which this surface layer is submitted result in the formation of different microstructures from bulk metal leading 
to improvement of surface properties (Pinto et al., 2003). Some industrial laser sources such as CO2, Nd:YAG, 
excimer and high power diode lasers were applied to surface melting of aluminum alloys. Since aluminum alloy 
have no solid phase transformations, if the surface of aluminum alloys should not be melted, the surface cannot 
be strengthened. Regarding the effect of laser power density upon alloys its stated that the Aluminum alloys as 
compared with ferrous alloys show enhancement in their physical properties, such as large specific heat, high 
heat conductivity and high reflectivity (Tomida et al., 2003; Wong et al., 1997; Wong et al., 1997 ).  It could be 
revealed that, the controlling of laser parameters is considered as a very important factor for laser surface 
melting process. Based upon these considerations, the present work is conducted to show the variation of 
structure and properties of hypereutectic Al-18wt%Si alloy according to laser surface treatment for irradiation 
time of 5 min for different power up to 2100 mW. 
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2. Experimental: 
 Hardened Aluminum cast alloy Al-18wt%Si was used as an experimental material, supplied in the form 
2Kg ingots from Non-Ferrous Industries of Egypt. The chemical analyses of the studied sample used are 
indicated as shown in table 1. 
 
Table 1: Chemical composition of Al-18Si Alloy as wt.%. 

Al Others Ni Ti Zn Mg Mn Cu Fe Si 
Balance 0.05 1.1 0.035 0.25 1 0.08 1.2 0.43 18 

 
 For the different measurements, the samples were polished in a disc form of 2 cm diameter and 0.3 cm 
thickness having two parallel faces. The samples were treated with a pulsed Nd:YAG laser with wavelength 532 
nm and time of irradiation of 5 min for different respective power values of  250, 500, 1000, 1500 and 2100 mW  
and pulse width was 8 ns. As-received and laser surface-treated specimens were etched with a 5% HF solution at 
room temperature for microscopic examination. The microstructural characterization was carried out by using 
Environmental Scanning Electron Microscope (FEI-S). Metallographic observation of the samples of 
longitudinal section taken through the center of laser trace was made. The microhardness of the top surface and 
the cross-section of the laser surface-treated layer were measured using a Vickers microhardness tester with a 
load of 2.942 N for 10s. An average of five readings was taken to represent the hardness value in each case. X- 
ray diffraction (XRD) measurements were carried out for both as-received and laser-treated specimens in order 
to verify microstructural and phases modifications at their surfaces. XRD patterns were obtained using system 
EMPYREAN by Cukα radiation with a wavelength, λ, of 1.54060Ao. It is worth to mention that, all the studied 
measurements were carried out the National Research Centre. 
 

3. Results and Discussion 
 
3. 1 Microstructure characteristics: 
 The microstructures for as-received and laser-treated Al-18wt%Si samples are shown in Fig.1. The as-
received sample has a microstructure characterized by an Al-rich dendritic matrix (α-Al phase) and a eutectic 
mixture in the interdendritic region formed by silicon particles, which are coarse and distributed in a plate-like 
morphology, set in an Al-rich phase, as shown in Fig.1 (a). The microstructural patterns of laser-treated samples 
are shown in Fig.1 (b-d). It is clearly observed that the samples treated with laser exhibit a very refined 
microstructure. Obviously, a higher power leads to more extensive distribution of Si particles in the 
interdendritic regions act as boundaries and thus contribution to increase in microhardness. 

Fig. 2 shows the XRD patterns for as-received and laser-treated Al-18%Si alloy samples at different 
powers. The X-ray phase analysis of each diffraction pattern showed that the phases present in all diffraction 
patterns were Mg2Si, AlMn, AlMg, AlSi, Si (Reference Code: 98-010-8584, 98-060-8454--98-010-7844, 98-
060-9329, 98-005-3782 respectively). It is clear that X-ray mapping exhibits a Peak associated to the silicon-
rich phase at about 56o. Moreover the intensity of the Si peaks for the treated samples are higher than as-
received sample. The laser process has induced precipitation of Si into the Al-rich dendritic matrix, as reported 
in previous results (Osόrio et al., 2008; Osόrio et al., 2009; Pan et al., 2014; Osόrio et al., 2008) and/or induced 
the formation of metastable phase. 
 
3. 2 Microhardness measurements:  
 Fig. 3 shows the experimental results of Vickers hardness (Hv) for as-received and laser surface-treated 
samples at different power values. It can be seen that the laser-treated samples exhibit a significant improvement 
in microhardness as compared to as-received ones. It can be also seen that the microhardness increased with 
increasing the magnitude of laser power. 
 For as-received sample, the brittleness of coarse Si crystals (both eutectic and primary Si) is the main 
reason responsible for the poor properties of Al-Si alloy which may be according to the coarse Si crystals which 
lead to the premature crack initiation and fracture in tension (Chen et al., 2007; Sano, 1994; Yamauchi et al., 
1985). 

The thin surface layer treated had positively affected eutectic silicon morphology and the reason of that 
is also that the mechanical properties became better on laser-treated specimens as shown in Fig.1. However, 
materials processed via rapid solidification tend to show advantages of refined microstructure, reduced micro-
segregation, extensive solid solubility and formation of metastable phases (Munitz, 1985). Increasing the 
hardness of surface could also be achieved by dispersion of hard particles into the material surface. 
 On the other hand, alloying elements such as Cu, Fe, Mn, Mg and Zn were added either un-deliberately 
or deliberately to provide special material properties. These elements partly go into solid solution in the matrix 
and partly form intermetallic particles during solidification (Ammar et al., 2008; Zhong et al.,2010). These 
intermetallic particles were observed to be of two types, soluble and insoluble intermetallic phase. The 



Middle East J. Appl. Sci., 5(5): 31-35, 2015 
ISSN 2077-4613 

 

33 

dissolution of the soluble intermetallic phases after heat treatment in the metal matrix forms a supersaturated 
solid solution as shown in Fig.1 (b-d). 

 
Fig. 1:  SEM of Al- 18wt%Si alloy at different power: (a) as-received sample (b) 250 mW (c) 500 mW (d) 1000 

mW (e) 1500 mW and (f) 2100 mW, respectively. 
 

 
Fig. 2: XRD for both as-received and laser-treated specimens. 
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Fig. 3: The effect of different Nd: YAG laser power on the microhardness of Al- 18wt%Si alloy. 
 
After 1000 mW power of the laser, the microhardness increased due to formation of new insoluble phases from 
the elements which come from the dissolution of the soluble phases. However, the clusters of excess atoms in 
the matrix and the second phase particles can be considered dendrite boundaries that divided the material in the 
same way grain boundaries do as shown in Fig. 1 (e, f). 
 
Conclusions: 
 The results showed an influence of Nd:YAG laser power on microstructure, XRD and microhardness 
of hypereutectic Al-Si alloy. However, microstructure and XRD showed refinement of the eutectic silicon phase 
in the laser-treated zone and induced precipitation of silicon in the Al-rich matrix. The structural changes for the 
laser-treated Al-18wt%Si alloy samples exhibited a significant improvement in Hv compared to as-received 
ones. On the other hand, increasing the laser power values led to the formation of precipitates and dislocations. 
This is contributed to the increased microhardness. 
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