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Abstract. In the article investigations on opportunities to improve the properties of the surface layer obtained on
Al-Si alloy by laser feeding of stainless steel 17 246 into the aluminium substrate are presented. According to the
reviewed literature, it can be concluded that laser surface deposition can be employed as a technique that will
improve the surface properties of aluminium alloys. Aluminium alloys have wide application in the automotive,
domestic and aerospace industries due to their excellent mechanical properties. One of the ways to improve
corrosion and wear resistance is laser surface deposition of different alloying elements. The main aim of this
study is structural changes on the layer of Al-Si cast alloy by laser austenitic stainless steel 17 246 deposition. In
order to remelt the Al-Si alloy surface the laser of 1.9 kW has been used for the facing area, and 1.6 kW for the
edge. The linear laser scan rate of the beam was set 450 mm-min" for the facing area, and for the edge
550 mm-min"'. We observed that the thin surface made of austenitic stainless steel had a lot of splits. The
purpose of this study is also to enhance inherent properties of surface materials to create new products or
improve the existing ones. Another aim of this work was also to determine the surface properties of the Al-Si
alloy after laser surface application of stainless steel 17 246.
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Introduction

Laser metal deposition (LMD) is an additive manufacturing technique. This process makes use of
feeding powder into the melt pool that is produced by sharply focused collimated laser beam on the
substrate [1, 2]. The existing commercial LMD system utilizes a wide range of laser technologies. The
power ranges from around 1W to 6 kW, and the wave length from the ultraviolet (354.7 nm) to the
infrared (10.6 nm). Requirements vary from process to process. The metallic materials, which are used
for the build-up of layers, are available in fine powder. Usually powder material, which is transported
to the substrate in transport gas by means of a nozzle, is used as feedstock [3; 4]. The schematic
diagram of the laser metal deposition process is shown in Fig. 1.
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Fig. 1. Schematic of the LMD process [5]

For most engineering applications the laser, in simple terms, can be regarded as a device for
producing a finely controllable energy beam, which, in contact with a material, generates considerable
heat. The basic physics of laser surface treatment is simply heat generation by laser interaction with
the surface of an absorbing material and subsequent cooling either by heat conduction into the interior,
or by thermal radiation at high temperature from the surface of the material.

Laser surface alloying may induce extreme heating/cooling rate of 10* to 10" K-s™, thermal
gradient of 10° to 10° K-m™ and solidification velocity as high as 30m.s" [6]. Due to the high cooling
rates, solid state diffusion can be neglected and a homogeneous and fine solidification microstructure
can be achieved with a wide variety of surface compositions without the limitation of conventional
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processes, for instance, to extend solid solution and to obtain a metastable structure or even metallic
glasses [7]. Various laser surface modification methods are available in Fig. 2. In laser surface
alloying an additional metal is added to the melt pool to improve the surface properties. Laser
transformation hardening is an autogenous technique, which involves solid-state transformation
without melting of the material. The application is limited to alloys that can be treated by laser. Laser
surface melting is performed by heating the alloy surface with a power high enough to create a melt
pool. Laser gladding applies the same principle as laser alloying, but the difference is the depth of the
substrate melted. Laser dispersion is used for forming surface composites. This technique injects a
hard second phase into the melt substrate.
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Laser Transformation
Surface Melting Hardening

Fig. 2. Schematic of various laser surface modification methods [8]

The parameters of laser alloying are shown in Table 1.

Table 1
Parameters of laser alloying
Laser beam power, Scan speed, Scan spacing fill Stainless steel
kW mm-min” track, mm powder size, um
1.6-1.9 450-550 4 100-150

The linear laser scan speed of the beam was set 450 mm.min"' for the facing area, and for the edge
550 mm-min"' of the sample. The laser beam power was set 1.9 kW for the facing area, and 1.6 kW for
the edge.

Chemical and microscopic analysis

Chemical analysis. The chemical composition of stainless steel powder 17 246 is given in
Table 2, and Al-Si alloy substrate is given in Table 3.

Table 2
Chemical composition of stainless steel powder, wt. %
C Cr Ni Mn P S
0.09 18.3 11.04 | 0.78 0.01 0.01
Table 3

Chemical composition of Al-Si alloy, wt. %

Si Fe Cu Mn Mg Cr Ni Ti
9.1 028 | 0.023 | 0.15 | 0.39 | 0.012 | 0.0058 | 0.096

Microscopic analysis. The microstructure of the deposited stainless steel powder was observed
under the laser optical microscope LS3100. The microstructural evolution was investigated in order to
establish the effect of surface quality of laser stainless steel deposition. Bonding and penetration of
stainless steel into the Al-Si alloy (substrate) were also investigated [9; 10]. The fusion of stainless
steel into Al-Si alloy was expected because of the higher density of stainless steel (=7.9 g-cm™)
compared to that of Al-Si alloy (2.7 g-cm™).

The results revealed that the stainless steel powder deposited on the Al-Si alloy was characterized
with white coloration. Columnar dendritic structure was the dominant feature of the substrate. Typical
microstructure of deposited stainless steel powder is shown in Fig. 3. The Figure shows the various
sample regions with a lot of split on the stainless steel deposited surface.
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Fig. 3. Splits on the stainless steel deposited surface

Typical microstructure of the deposited stainless steel powder on Al-Si substrate with three
different zones is shown in Fig. 4.
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Fig. 4. Microstructure of deposited stainless steel and three zones

The Figure shows the various sample regions, such as the deposition layer with the high heat
affected zone (HAZ) more than 100 pm. The EDS analysis proofs that in the interface layer are
present such elements as Mo and Ni, Fig. 5, 6. The source of these elements is stainless steel powder.
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Fig. 5.Presence of Mo and Ni in Fig. 6.Presence of Ni, Mo in
the interface layer the interface layer
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The measured dimensions of the deposited height (on HAZ) are presented in Table 4.
Table 4
Dimensions of deposited stainless steel track, um

Position | Minimum | Maximum
1 650 746
2 502 657
3 195 741
4 218 715
5 206 666
6 188 605
7 638 757
8 520 786
9 522 836
10 417 730
11 303 665
12 427 770

Surface roughness

Surface roughness was measured according to EN ISO, DIN 4287 in longitudinal and transversal
directions on the sample prepared by surface layer deposition [11].

Type of scanner TK 300, measuring path 4.80 mm, cut off 0.80 mm, speed 0.5 mm-sec”. The
results are given in Table 5 and 6. One of the measures of the roughness profile of the laser alloyed
surface with 17 349 is shown in Fig. 7.

Table 5
Surface roughness in longitudinal direction, pm
Number of Ra | Rz Rt Rmax
measurements
1 84 |47.0| 72.8 59.5
2 94 | 54.1] 704 70.4
3 8.7 |49.6 | 88.3 74.7
4 129 | 59.8 | 85.1 85.1
5 12.4 1 67.0 | 100.1 | 98.1
o 1.9 | 7.2 | 10.8 13.1
@ 10.4 | 55.5| 83.3 77.5
Table 6
Surface roughness in transversal direction, pum
Number of Ra Rz Rt | Rmax
measurements
1 84 | 43.6 | 652 | 55.23
2 123 | 64.0 | 108.1 | 108.1
3 9.9 | 444 | 609 | 60.9
4 129 | 634 | 874 | 874
5 140 | 633 | 99.0 | 99.0
z 2.05 ] 9.60 | 1847 | 20.8
) 11.5|55.74 | 84.13 | 82.13

The main surface roughness parameters did not differ in both directions what also indicates the
isotropy of the coating properties.
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R- Profil vyrovnan Filtr 1ISO 11562(M1) Lc = 0.800 mm
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Fig. 7. Surface roughness in longitudinal direction, Ra = 8.4, Rz = 47.0, Rt = 72.8

Micro-hardness

The Vickers micro-hardness test (model FM-30) was used in the determination of the micro-

hardness surface, Al-Si substrate, and the deposited zone through the interface zone to substrate. The
micro-hardness test used a load of 300 g, time 15 seconds. Ten indentations were taken for the
measurement of the surface layer and Al-Si substrate, and the average values were taken. The results
are presented in Table 7 — 8. The cross-section micro-hardness is presented in Table 9.

Table 7
Micro-hardness of the surface
Number 1 2 3 4 5 6 7 8 9 10 (4] o
HV 728 | 691 | 710 | 715 709 697 620 | 573 790 | 687 | 692 | 52
Table 8
Micro-hardness of the Al-Si substrate
Number 1 2 3 4 5 6 7 8 9 10 (4] o
HV 136 | 134 | 139 | 143 140 135 142 140 137 137 | 138 | 2.6
Table 9
Cross section micro-hardness
Depth from the edge, um Micro-hardness, HV
0 702.7 795.0 805.0
90 640.5 680.3 656.6
180 327.2 2449 221.7
270 249.9 168.0 178.0
360 175.7 140.6 156.9
450 138.8 134.3 141.5

The cross section micro-hardness indicates that the depth of the deposited layer is about 90 um

and the interface is about 170 um.

Conclusions

1. Laser deposited austenitic stainless steel powder on Al-Si alloy substrate was successfully
conducted to determine the effect of the fusion of austenitic stainless steel into Al-Si alloy
substrate.

2. The upper austenitic stainless steel layer shows a lot of splits.

3. The source of the presence of Ni, Mo, Cr, elements in the interface layer is due to the chemical
composition of the austenitic stainless steel deposition into Al-Si substrate.

4. Dimensions of the deposited austenitic stainless steel track vary from 206 to 770 um.

5. The columnar dendritic structure was the dominant feature of the substrate near the interface
boundary.

6. Laser surface alloying with stainless steel 17 246 on Al-Si substrate could improve corrosion

resistance.
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