SINTERING OF SnAg3,5 REINFORCED WITH NANOSIZED Al2O3 BY MECHANICAL ALLOYING
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ABSTRACT
The addition of nanosized particles with high hardness in the metal matrix is one of the existing techniques to improve the thermomechanical behavior of lead-free solders. This work aims to study the sinterability of the alloy SnAg3,5 reinforced with alumina nanoparticles (Al2O3) by mechanical alloying in order to produce specimens for thermomechancial measurements. The preparation of the material used in this study was carried out by high energy milling during 36 hours, for different concentrations of nanoparticles (0, 0.25, 0.5 and 1 wt%), resulting in a finely dispersed nanosized alumina in the solder matrix. The material was then compressed at a pressure of 380MPa and sintered for 48h at 190 ° C. After sintering, the nanosized particles remained in the solder matrix with excellent dispersion figures, the microstructure presented low porosity and some Al2O3 agglomerates resulting of the milling process could be identified.
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INTRODUCTION
The solder alloys based on SnPb are widely used in the electronics industry due to the high mechanical strength and consequent high reliability. However, the classification of lead as a hazardous substance to the environment triggered a search for lead-free alloys in which the thermomechanical properties result in reliability comparable to the traditional alloy (1). The addition of hard particles in the metal matrix is one of the existing techniques to improve the thermomechanical behavior of lead-free solders (2). For example, this technique can inhibit the intermetallic growth (3), increase the hardness (4), shear stress (1) and creep resistance, an important requirement in reliability of electronic interconnections (5).

The solder alloys composed of SnAg are very attractive for the electronics industry, because of their processability and mechanical properties, such as shear strength, creep resistance and thermo-mechanical fatigue, which are among the best alloys developed lead-free solders (6). 

Aluminum oxide (Al2O3) is known to have wide applications and low cost compared to other materials used for the same purpose, such as zirconium oxide (7) and titanium oxide (8). Mavoori and Jim (9) worked with nanosized Al2O3 particles as reinforcements and reported a 30% increase in the creep rupture life of conventional SnPb37, using powder metallurgy as a mean of synthesizing a compound reinforced with different nanoparticles volume fractions.

It has been shown recently that high energy milling can be used to produce a solder alloy composed of SnAg3,5 and finely dispersed aluminum oxide nanoparticles with different amounts of alumina (10). However, two problems were observed when trying to produce specimens for thermomechanical characterization. The first was observed during the melting process of the alloy, where the nanoparticles tended to precipitate due to the weak chemical interaction between the molten metal matrix and the ceramic particles. The second identified problem was the particle size after the milling process, which was within the millimeter scale and that brings several problems when using powder metallurgy.

This work aimed understanding the sinterability of the SnAg3,5 with different amounts of Al2O3 nanoparticles powder produced by mechanical alloying. This was achieved changing the high energy milling parameters to obtain nanocomposite particles with a smaller size and then producing samples using a traditional powder metallurgy technique.
MATERIALS AND METHODS
The raw materials used were in powder format. The Al2O3 was a gamma-Aluminium oxide powder provided by Iolitec©, with a medium size of 20 nm. The electronic microscopy picture (see Figure 1) shows that the powder is agglomerated due to its high surface energy. The near eutectic SnAg3,5 alloy used was fabricated through an atomization process, being considered a type 3 powder, with size between 25 and 45 μm (see Figure 2).
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            Figure 1 - Agglomerated Al2O3 powder.
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Figure 2 – SnAg3,5 powder.


Using a commercial planetary mill (PM-100 from Retsch), the powders were mixed to promote the dispersion of both materials. The milling crucible and balls are made of 304 stainless steel. To avoid oxidation during the milling process, the crucible was sealed prior the experiment under an argon: hydrogen (95:5) atmosphere inside an anaerobic chamber. The milling was conducted with the following concentrations of Al2O3 nanoparticles in weight percent: 0, 0.25, 0.5 and 1%. The ball to powder ratio (BPR) was 26:1. 

The preparation of the material was performed in two stages. The first stage consisted in the homogenization, which was conducted with a milling time of 36 h at 150 min-1, resulting in a flake-like geometry within the millimeter scale and a finely dispersed nanosized aluminum oxide in the solder matrix. In the second stage, the process was optimized to bring the particle size particle size to range between 75 and 200 µm after sieving. This could be achieved by decreasing the milling time to 1 h but increasing the energy insertion, having the speed set for a high of 350 min-1 with stops every 10 min to cool down the system. The samples were compressed in cylinders of 10 mm diameter and 4 mm height with a pressure of 390MPa and sintered for 48h at 190°C under argon atmosphere. The samples after sintering were prepared for metallographic observation with diamond 0,25μm as polishing medium.

Optical microscopy was used to observe the dispersion of the reinforcement on the metallic matrix. As a following step, samples were analyzed using Sccaning Electron Microscope (SEM Philips XL30) combined with Energy Dispersive X-ray Spectroscopy (EDS) to identify the aluminum oxide particles dispersed in the metallic matrix.
RESULTS AND DISCUSSIONS
The evolution of the milling process is shown in Figures 3 and 4. After homogenization, the material presents a flake-like geometry and particle size within the millimeter scale, as seen in Figure 3. In the second stage, the effect of increasing the milling speed, in order to reduce the particle size, can be seen in Figure 4, where the particles have irregular geometry and size between 70 and 200 μm. Figure 5 depicts Al2O3 agglomerates that were found on the surface of these particles.
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	Figure 3 - SnAg3,5 + 1%Al2O3 after the homogenization process for 36hours.
	Figure 4 - SnAg3,5 + 1%Al2O3 particles after the second stage of milling. SEM, magnification 70x.
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Figure 5 – SnAg3,5 + 1%Al2O3. Al2O3 agglomerates on the surface of a particle. SEM, magnification 1500x.




The effect of nanoparticles in inhibiting the grain growth during sintering is shown in Figure 6 to 9. Grain boundaries were not found in the sample with 0% of Al2O3 but are well defined in the samples with concentration of nanoparticles. All samples presented low porosity, where the sample with 0.5% Al2O3 has the highest porosity, which is located mostly at the grain boundaries.
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Figure 6 - SnAg3,5 after sintering. Magnification 100x.
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Figure 7 - SnAg3,5 + 0,25%Al2O3 after sintering. Magnification 100x.
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Figure 8 - SnAg3,5 + 0,5%Al2O3 after sintering. Magnification 100x.
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Figure 9 - SnAg3,5 + 1%Al2O3 after sintering. Magnification 100x.


Figures 10 to 13 depict the dispersion of the nanoparticles after sintering using SEM and EDS. The dark regions are rich in Al2O3 and the clear ones are rich in tin and silver.  The nanoparticles remained in the matrix after sintering and a satisfactory dispersion was reached in all the samples.
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Figure 10 - SnAg3,5 + 0,25%Al2O3 after sintering. Magnification 1000x.
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Figure 11 - SnAg3,5 + 0,5%Al2O3 after sintering. Magnification 1000x.
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Figure 12 - SnAg3,5 + 1%Al2O3 after sintering. Magnification 1000x.
	[image: image13.jpg]AccV SpotMagn  Det WD
20.0kV 55 8000x  BSE 11.1




Figure 13 - SnAg3,5 + 1%Al2O3 after sintering. Magnification 8000x.


CONCLUSION
In this study, the lead-free SnAg3,5 alloy reinforced with Al2O3 nanoparticles by mechanical alloying had been positively sintered with the applied boundary conditions. The micrographs obtained by means of Optical Microscopy showed that the nanoparticles influence the microstructure in order to inhibit the grain growth of the alloy. SEM observation of the microstructure revealed a good dispersion of the Al2O3 nanoparticles as well as some agglomerates, identified with support of EDS. 
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