
 

How metallic alloys reorganize during
microscale laser melting processes
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High-power lasers that can selectively cut and join metallic products are
becoming increasingly important in today's manufacturing industry.
Now, Yingchun Guan from the A*STAR Singapore Institute of
Manufacturing Technology and her co-workers have developed a
technique that reveals exactly how molten elements vaporize and move
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about inside a laser-generated surface 'plume'—findings that can
advance additive manufacturing techniques used to print three-
dimensional (3D) objects.

Researchers investigating the feasibility of 3D-printed implant materials
often turn to magnesium–aluminum (Mg–Al) alloys because they are
lightweight, tough and biocompatible. Recently, the A*STAR team
demonstrated that laser surface melting of these alloys enhances their
corrosion resistance as a result of a notable enhancement in the surface
concentration of aluminum. It is difficult, however, to make the link
between the initial alloy composition and the final product after laser
processing, as many complex interactions occur in the cloud-like plume
of laser-generated vapor particles.

Guan and her team designed a new experimental setup that can quantify
which molten alloy elements are ejected into the laser plume. They
positioned a thin silicon substrate perpendicular to a Mg–Al-based alloy
a few millimeters from the laser firing point. Laser pulses then generated
a plume that deposited onto the silicon surface.

When the researchers used a scanning electron microscope (SEM) to
examine the deposits, they saw clear evidence of a phase explosion—a
mixture of liquid and vaporized particles thrown out by the laser impact.
These liquid deposits rendered many sections of the silicon wafer
unsuitable for quantitative analysis. But by combining the element-
identifying capability of the SEM with time-of-flight mass spectrometry,
the team produced 'mass-resolved images' that reconstructed the
distribution of gaseous secondary ions in the plume.

The mass-resolved images revealed that Mg ions were evenly dispersed
at high concentrations inside the plume. In contrast, the population of Al
ions rises in the middle of the near-field region close to the laser firing
point. Analysis showed that the Al species in the plume 'fly' further than
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those of Mg because of their higher transport rates in the hot near-field
region.

Guan notes that the site-specific analytical capabilities of this technique
should give researchers finer control over selective surface vaporization
of alloying elements for enhanced, high-tech applications. "Our chemical
analysis of the transport rates and distribution of vaporized species in the
plume offers improved understanding of critical laser processes,
including those used in additive manufacturing," she says.

  More information: Guan, Y., Zhou, W., Zheng, H., Li, Z., Seng, H. L.
& Hong, M. Analysis of selective vaporization behavior in laser melting
of magnesium alloy by plume deposition. Laser and Particle Beams 32,
49–54 (2014). dx.doi.org/10.1017/S0263034613000608
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