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THE EFFECT OF LASER ON METAL SURFACES FOR MULTIDISCIPLINARY USAGE
IN MATERIAL AND THERMAL ENGINEERING

Ewa Koztowska

Abstract: The subject of heat transfer and cooling systems is still a matter of contention in many different fields
of science and industry. Infrigidation is much more difficult than warming, and so, much more needed in more
and more different devices, starting from massive industrial machinery and air conditioning in commercial
buildings, up to micro and nano-surgery tools. In fact, the size of many cooling systems is still a problem. It needs
to be minimized in order to make these systems more suitable for small devices and limited usable space. Using
laser to modify metal’s surface is supposed to increase the heat change capacity and efficiency.
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1. Introduction

A number of different modification patterns made with the usage of laser is expected to show a trend in thermal
conductivity. Due to a high probability of the laser beam to be disturbed by the occurrence of the reflection
phenomenon, some of the surfaces, especially aluminum, will need to be blacked out in order to avoid an immense
loss of energy during the experiment conduction. Results are expected to show the best pattern to increase the heat
conduction in different metals. [Mori, Utaka 2017]

2. Materials and methods

Different types of metal are going to be used for the initial phase of the experiment — laser engraving on the
TRUMPF TrueLaser Station 5004. Available pulse power range is from 300 to 6000 W, frequency range is 0,2
— 833 Hz and focus of the laser beam is 0,4 — 1,85 mm. Copper, brass and aluminum were chosen seeing that
these metals are considered as the best thermal conductors so far.

S355J - non-alloy European standard structural steel, which has a great weldability and machinability,
was chosen for the other method — Selective Laser Melting (SLM) with the usage of ReaLizer 100, an industrial
3D printer which melts and fuses metallic Chrome-Cobalt powder with a laser beam [Seramak et al. 2017]

All the experimental phases are being preceded by multidepartamental consultations with the usage
of simple computer collaboration tools, mostly LMS Moodle, a platform which is also used as a results’
repository. All the information stored on Moodle is password protected and made available only to a limited group
of researchers involved in the project.

3. Results

Because of a very time-consuming nature of the process and its low effectiveness, the laser engraving
of brass surface has been postponed in favor of the SLM experiment that was conducted in July 2018.

Five different patterns were designed in the AutoCAD program and then converted to the *.stl format
compatible with the device. Figure 1 shows a part of a 50x50 mm S355J steel sample with 0,5 x 0,5 x 0,5 mm
CoCr pyramids cladded on top of the surface.

Figure 1. A part of a 50x50 mm steel sample with CoCr pyramids cladded, own elaboration

Samples were pre-examined under a JEOL scanning electron microscope (SEM) with a magnification
of 25 (fig. 2) and 100 times (fig 3). Some non-melted powder particles were discovered on the entire surface.
The main layers of powder were firmly adhered to each other. There were no structural changes or inclusions
on the surface of the steel substrate observed. Non-melted powder particles may need to be removed depending
on their effect on the liquid flow during the heat exchange test.
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Using an EDX X-ray generator embedded in the SEM microscope, a diffractogram was made
and the powder composition was examined. The diffractogram results confirmed that the main elements contained
in the powder are chromium and cobalt. A high content of wolfram was also detected.

Figure 2. CoCr pyramids under a SEM icroscope, magnification of 25x,
[dr Grzegorz Gajowiec, Gdansk University of Technology]

Figure 3. CoCr pyramids under a SEM microscope, magnification 100x,
[dr Grzegorz Gajowiec, Gdansk University of Technology]

4. Conclusions

An increasing number of different modification patterns made by the usage of laser is expected to show
atrend guiding to the future conclusions and further phases of the experiment. The effects are going
to be measured by comparing the surface roughness, inner structural changes, heat and liquid flow parameters
of the modified samples to the smooth reference sample. Susceptibility of a metal to the laser needs to be taken
into consideration, so do the thermal and conductive properties [Leong et al. 2017]. Discovering the most effective
pattern will facilitate the cooling devices’ size reduction and their infrigidation effectiveness.
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