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ABSTRACT

Purpose: Results of laser treatment at cryogenic conditions and its influence on microstructure, microhardness
and properties of the SUPERSTON alloy are presented in this article.

Design/methodology/approach: New method of the laser remelting specimens diped in liquid nitrogen made
by the CO, laser with 6000W laser beam power and scanning velocity 1.0 m/min was employed. Observation
microstructure was carried out by scanning electron microscope. Hardness of cross-section of the surface layer
has been measured by the Vickers microhardness under load 0.49 N. Corrosion investigation in 3% NaCl by the
Atlas 9131 equipment conected with computer PC was done.

Findings: Laser remelting lets obtain fine microstructure in surface layer and increase of microhardness and
corrosion properties, compared with base material.

Research limitations/implications: The future investigations connected with aplication conditions should be
extend of cavitation tests in the magnetostriction stand.

Practical implications: Obtained results point at possibility of the increase hardness, corrosion and cavitation
resistance of the parts worked in marine conditions.

Originality/value: The proposed laser treatment at cryogenic conditions could be used for surface consolidation
of the copper alloys applied for ship propellers.
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1. Introduction

2. Methodology and materials
for research

The ship propellers made of copper alloys (e.g.
SUPERSTON) [1-3] during exploit action can corrode and

undergo the cavitation. One of the method of reducing the action
effects of mentioned wear types of ship propellers can be the laser
surface remelting at cryogenic conditions [4-9].

On the grounds of previous researches concerning the Al-Si
alloys it could be infered that increasing of hardness, wear and
corrosion resistance is possible. [10-13].

In that aspect carried out an experiment of the laser treatment
at cryogenic conditions SUPERSTON alloy applied for ship
propellers [14,15].

The purpose of this article is to show the method of the laser
remelting mentioned alloy which let obtain to change of its
microstructure, hardness and corrosion characteristics.
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In the research the SUPERSTON alloy was used. Chemical
composition of investigated material is shown in Table 1. Laser
remelting was done by the TRUMPF laser TLF 6000 turbo. The laser
beam dimension 1x20 mm, power 6000 W, scanning velocity 1.0
m/min were used in this process. During of the laser remelting
process the specimens were immersed in liquid nitrogen.

After laser treatment the microstructure of the surface and
cross-section the SUPERSTON alloy was observed by scanning
electron microscope.

Corrosion test was made by potentiodynamic method in 3%
NaCl at 25+1°C mixed with magnetic stirrer. Speciments
potential was changed with the speed of 10 mV/min. Reference
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electrode was saturated calomel electrode but the auxiliary Ti
electrode coated by the platinum layer. Corrosion test was carried
out for specimens made of: base material, laser remelted material,
laser remelted and grinded material.

Table 1.

Chemical composition of the SUPERSTON alloy (wt. %)
Cu Al Mn Fe Ni Zn
rest 7.5 17 3.0 2.5 -

3. Test results

3.1. Microstructure of the
SUPERSTON alloy

Microstructure of the SUPERSTON alloy contains o phase,
eutectoid mixture, manganese-iron phase (Fig. 1a). After laser
remalting fine microstructure in surface layer was obtained (Fig.
1b). Image of the laser surface remelted with laser beam 6000 W
power and scanning velocity 1.0 m/min is presented in Fig. 2.

It was found that in observed microstructure of the laser
surface remelted layer the SUPERSTON alloy there are phases
with different microstructure (Fig. 3) and hardess (Fig. 5) in
comparison unprocessed surface layer.
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Fig. 1. Microstructure of the SUPERSTON alloy: a — base
material, b — cross-section of the laser remelted layer
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Fig. 2. Microstructure of the laser surface remelted the SUPERSTON
alloy

Fig. 3. Detail from Fig.1b

3.2. Microhardness of the
SUPERSTON alloy

Microhardness measurements by the Vickers method on the
cross-section of the laser surface remelted layer under load 0.49 N
are presented in Figs 4 and 5.
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Fig. 4. Microhardness in cross-section of laser remelted layer of
the SUPERSTON alloy
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Fig. 5. Microhardness of the phase precipitated in the surface
remelted layer the SUPERSTON alloy

3.3.Corrosion test

Corrosion investigations the SUPERSTON alloy were carried
out after laser remelting with 6000 W power and scanning
velocity 1 m/min. During the potentiodynamic tests corrosion
potential (E.), resistance polarization (R;) and corrosion current
(Jkor) were determined. The electrochemical measurements were
achieved by the Atlas 9131 set, connected with the computer.
Results of those investigations are given in Table 2 and Fig. 6.

Table 2.
Corrosion test results of the laser remelted SUPERSTON alloy at
cryogenic conditions

Parameters of the laser E. R, Jior
remelting [mV] [Qcm?] [uA/cmz]
Base material -229 385 51.95
6000 W -232 643 31.13
6000 W and next grinding  -216 421 47.50
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Fig. 6. Potentiodynamic curves of SUPERSTON alloy (6000 W,
1.0 m/min): SS — base material, 14 — after laser remelting, 14H —
after laser remelting and grinding process
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It was fund that corrosion potential and current density were
lower for laser remelted material as well as laser remelted and
grinded material of the SUPERSTON alloy.

Microstructure of the surface base material (Fig. 7a), after
laser remelting (Fig. 7b) and after laser remelting and grinding
(Fig. 7c) up to corrosion process are presented in Fig. 7.
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Fig. 7. Image of the microstructure the SUPERSTON alloy: a —
base material after corrosion process, b — remelted material by
6000 W after corrosion process, ¢ — remelted material by 6000 W
after grinding and corrosion process
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4.Conclusions

Fine microstructure in surface layer in comparison to the base
material after laser remelting at cryogenic conditions of the
SUPERSTON alloy were obtained.

Laser remelting caused the increase hardness and corrosion
resistance of the laser remelted layer the SUPERSTON alloy.

Grinding of the laser remelted layer the SUPERSTON alloy
reduced its corrosion resistance but it is still the higher then
corrosion resistance of the base material.
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