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Effect of laser FEEDING ON heat treated AlUMINIUM alloy Surface properties

In this paper are presented the investigation results concerning microstructure as well as mechanical properties of the
surface layer of cast aluminium-silicon-copper alloy after heat treatment alloyed and/ or remelted with SiC ceramic powder
using High Power Diode Laser (HPDL). For investigation of the achieved structure following methods were used: light and
scanning electron microscopy with EDS microanalysis as well as mechanical properties using Rockwell hardness tester were
measured. By mind of scanning electron microscopy, using secondary electron detection was it possible to determine the
distribution of ceramic SiC powder phase occurred in the alloy after laser treatment. After the laser surface treatment carried
out on the previously heat treated aluminium alloys, in the structure are observed changes concerning the distribution and
morphology of the alloy phases as well as the added ceramic powder, these features influence the hardness of the obtained
layers. In the structure, there were discovered three zones: the remelting zone (RZ) the heat influence zone (HAZ) and
transition zone, with different structure and properties. In this paper also the laser treatment conditions: the laser power and
ceramic powder feed rate were investigated. The surface laser structure changes in a manner, that there zones are revealed in
the form of. This carried out investigations make it possible to develop, interesting technology, which could be very attractive
for different branches of industry.
Keywords: Manufacturing and Processing, Ceramic powder, Laser Surface Treatment, Aluminium alloys, HPDL laser,
Remelting

1. Introduction
A grate number of the engineering applications require
a surface layer which is very hard and strong, with a high wearresistant potential, but on the other hand with relatively soft
interior structures contributing a proper ductility. Laser treated
surface layers are surfaces, that have excellent metallurgical
bonding to the matrix material. Laser coatings are surfaces that
have excellent metallurgical bonding to the matrix material.
Laser Surface Alloying - LSA is one of the methods of surface
treatment, beside for example vacuum techniques [1-7],
consisting in the introduction to the matrix material small
amount of alloying additives get into the top of the surface
layer in the form of ceramic particles. The laser treatment as
a part of the new generation techniques applied in metal surface
technology is discussed in this paper. High power densities
allow precise control of heating and cooling of a small material
amount. Laser surface alloying (LSA) is used for improving
mechanical and chemical properties of the surface layer. It
consists on surface layer enriching with alloying elements
and structure changes. The alloying additions used in the laser
alloying process are usually light metal alloys, steels, super
alloys, reinforced with carbides, nitrides and borides [8-16].
The chemical composition of the surface layer, as well as the
mechanical properties, are different from those of the initial
alloying material. LSA (laser surface alloying) allows the
formation of the surface with low thickness and enhancing

the properties, with a high wear resistance, high hardness and
fatigue/heat resistance [1-7]. HPDLs are increasingly used
in applications like materials processing, cutting or surface
hardening, as well as in graphical arts, display applications and
medical applications [6-9,15].
The applied technique used is one of the most effective
and reproducible techniques used to obtain a composite layer
on the surface of alloyed or remelted metals. In the literature,
it is difficult to find information on alternative technologies
to feed powder into the treated metal materials surface.
Typically, using this technique the powder material is getting
onto the surface in the form of a paste or loose particle,
which are then remelted or alloyed. A huge advantage of
these techniques is the sublimation process which occurs
prior to feeding and disintegration of a large part of the
added ceramic material as a result of high energy laser beam
irradiation, before feeding of the powder. A too large powder
amount, which deals as a laser beam absorbent, similarly
as the heat transfer medium, get to the alloying area or too
intensive blowing it into the surface of treated alloy, resulting
in excessive, undesired reaction of the additive ceramic
material, supported by usually intense decomposition
reaction in form of a flame. Following this type of impact
between the powder and the substrate material – caused by
the laser beam – there are formed on the surface of the treated
elements numerous holes and material damages outside the
remelted laser tray, as well as large turbulence of the alloyed
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material and may form irregular, high standing sintered base
material composed of the ceramic powder [10-15].
The purpose of this paper is to study the effect of an
HPDL laser melting on the cast aluminium alloy, especially
on their structure and hardness. Special attention was devoted
to the monitoring of the layer morphology of the investigated
material and on the particle occurred. In this work, there is also
presented the laser treatment technique including the alloying
of cast aluminium alloys with ceramic carbide powder in the
form of silicon carbide (SiC). The structure investigation
and improvement of mechanical properties are an aim of this
research, and the improvement of surface layer hardness is an
important factor for practice applications. In case of CAE PVD
and PA CVD process on the surface of other steel grades and
light cast alloys to increase the low stiffness of the substrate
material [6-8,10,12,16-25].
2. Investigation method and results
2.1. Material for investigation
The material used for investigation was the AlSi9Cu2
aluminium cast alloy. The chemical composition of the
investigated light alloy is presented in Table 1.
TABLE 1
Chemical composition of the investigated Al alloy
Concentration of the elements, mass in %
Alloy
Si
Fe
Cu
Mn
Mg
Zn
Ti
AlSi9Cu2 9.033 0.1873 2.248 0.09 0.1947 0.451 0.0957

The surface of the samples was after heat treatment
specially treated to ensure a lower reflectivity of the laser
beam. The surface was coated manually with a carbon – water
solution, forming a thin surface film.
2.2. Research methodology
For alloying of the investigated material the HPDL Rofin
Dl 020 (Fig. 1a) was applied with the working parameters
presented in Table 4. The working parameters should allow to
obtain the remelting of the surface layer material as presented
on Fig. 1b, ensuring the occurrence of remelting zone (RZ) and
heat affected zone (HAZ). The samples were mounted in the
laser holder for remelting. On each surface only one laser tray
was made with a length of 25 mm, and with a laser power of
2.0 kW. The powder feeder was connected to carrying a gas
bottle and powder feed nozzle. The powder feeding was
performed in an argon atmosphere, in order to protect the
substrate from oxidation. After preliminary attempts for
investigation was applied laser power in of 1.2 kW and the
feeding speed of 0.25 m/min.
HPDL laser parameter used for feeding
Laser parameter
Laser wave length, nm
Peak power range, W
Dimensions of the laser beam focus, mm

a)			

TABLE 4
Value
940 ± 5
100 - 2300
1.8 x 6.8

b)

The heat treatment was carried out in the electric
resistance furnace U117, with a heating rate of 5 °C/min for
the heat treatment process with two holds at 300°C and 450 °C
performed for 15 minutes. Cooling of the samples after heat
treatment was performed in air for the ageing process and in
water for the solution heat treatment process. The solution heat
treatment temperature was 505°C for 10 hours, and then ageing
was performed at 175°C for 12 hours (Table 2). For alloying
the ceramic powders SiC powder was used, with properties
presented in Table 3.
TABLE 2
Parameters for the heat treatment carried out on the used cast
aluminium alloy
Heat treatment parameters of the investigated alloy
Temperature,
Heat treatment steps
Time, h
Cooling type
°C
Solution heat treatment
505
10
air
Ageing
175
12
air
TABLE 3
Properties of the SiC ceramic powder used for alloying
Properties
Hardness, HV
Density, g/cm3
Melting temperature, °C

Value
1600
3.217
2700

properties
Grain size, µm
Colour

Value
125
grey

Fig. 1. a) High power diode laser Rofin 020 stand, b) Scheme of the
structural changes occurring in the surface layer of the steel after
remelting with laser, NM – native material, HAZ - heat effected zone,
RZ – remelted zone

Phase identification of the obtained surface structure
was carried out using scanning electron microscope Supra
35 with secondary and back scattered electron detection.
This microscope was also equipped with Energy Dispersive
Spectrometer for analysis of chemical composition of the
investigated samples. Hardness tests were measured using
Rockwell hardness tester, the load was chosen according to the
HRF standard.
The analysis of surface layer phase composition was
carried out using the X-ray diffraction method (XRD) on
the X-ray apparatus Panalytical X’Pert using the filtered
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radiation of a cobalt lamp. Diffraction pattern was achieved by
a different angle of incidence of the primary beam in the range
of 30º to 110º.
Wear resistance investigations were performed using
the ball-on-plate method. The tungsten carbide ball with
a diameter of 3 mm was used as the counterpart. The tests
were performed at room temperature by a defined time using
the following test conditions: load, Fn-5N, wear path of 2.5
mm, speed rate of 0.05 m/s.
3. Results and discussion
The carried out laser alloying of the Al-Si-Cu cast alloys
with SiC powder with a constant scan rate of 0.25 m/min –
producing very rough surface (Fig. 2) - allows to determine
the remelting zone with dendritic structure (Figs. 3, 4, 5). This
structure occurs in all presented in this article cases (Figs. 6, 7).
There was also confirmed the presence of SiC particles in
the remelted surface layer, both for the treated and nontreated aluminium surface fed with powder feed rate of 1.2 g/
min. However, for the treated surface the amount of powder
particles present in the surface layer is higher.

Fig. 4. Structure of the Al-Si-Cu alloy, 2.0 kW laser power, 0.25 m/
min laser speed, 1.6 g/min powder feed rate, coated surface

Fig. 5. Structure of the Al-Si-Cu alloy, 2.0 kW laser power, 0.25 m/
min laser speed, 1.6 g/min powder feed rate, coated surface

Fig. 2. Surface layer of the Al-Si-Cu alloy, 2.0 kW laser power, 0.25
m/min laser speed, 1.2 g/min powder feed rate

Fig. 3. Surface layer cross-section of the Al-Si-Cu alloy, 2.0 kW laser
power, 0.25 m/min laser speed, 1.2 g/min powder feed rate

Fig. 6. Structure of the Al-Si-Cu alloy, 2.0 kW laser power, 0.25 m/
min laser speed, 1.2 g/min powder feed rate, coated surface

In case of alloying of the surface layer using SiC powder,
there were found powder particles in the matrix for power 2.0
kW – the powder particles are well distributed (Fig. 7), with
a negligible effect on the increase of the mechanical properties
of the alloyed surface layer with the parameters. Investigations
performed using the EDS chemical composition mapping
(Figs. 8-11) have revealed the occurrence of Si-containing
particles, due to the fact that carbon is not measurable using the
applied EDS detector, but this result is sufficient to compare
the occurrence size and shape of the fed SiC particles in the
aluminium matrix.
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zone. The sublayers have a varying thickness, where the upper
zone is in up to 1.6 mm in thickness, and the HAZ (heat
influence zone) has a constant thickness equal 0.9 mm.
Qualitative phase composition analysis performed
using the X-Ray diffraction method with the Bragg-Brentano
technique has allowed it to confirm and to identify the particular
phases of the substrate and ceramic powder (Fig. 12). The low
volume amount of the remaining phases occurred in the material
has allowed it unequivocally to make an identification on the
basis of the achieved X-ray diffractions. Reflexes coming from
the Al substrate were found on every X-Ray diffraction from the
laser treated surface, as well as the SiC phase was confirmed,
what is caused by significant surface layer thickness of <1,9
mm, much higher, than the thickness of X-Rays penetration into
the investigated material. Wear resistance test presented on Fig.
13 have revealed a slightly higher wear resistance of the laser
treated surface after coating with a thin carbon layer compared
to the non-coated surface with relatively high reflectivity.
The reason for this is probably the occurrence of bigger SiC
particles in the surface layer. Because in non-coated Al surface
the reflected energy is absorbed by the SiC ceramic powder,
what leads to its breaking and partition into smaller particles
– with lower input on the wear resistance and hardness (Table
5). Concerning the wear resistance investigations based on the
obtained wear resistance profile of the ball-on-plate tested crosssection place after feeding with SiC powder, it was found that
the surface with coating has a higher wear resistance compared
to the surface without surface coating (Fig. 13), this is possible
due to the decreased reflectance of the surface, allowing better
feeding of the ceramic particles into the aluminium matrix.
Similar relationship is observed for the hardness measurements
result, where the highest hardness is obtained for the surface
coated samples – equal 78 HRF vs. 75 HRD for the non-coated
material.

Fig. 7. Structure of the Al-Si-Cu alloy, 2.0 kW laser power, 0.25 m/
min laser speed, 1.2 g/min powder feed rate, without surface coating

Fig. 8. Area analysis of chemical Fig. 9. Area analysis of chemical
elements with Al distribution map, elements with Al distribution
from area in Fig. 6
map, from area in Fig. 7

Fig. 10. Area analysis of chemical Fig. 11. Area analysis of chemical
elements with Si distribution map, elements with Si distribution
from area in Fig. 6
map, from area in Fig. 7

Scanning electron microscopy investigations have
also determined the thickness measurement of the obtained
remelting surface, ranging up to 1.5 mm. Exactly date
concerning the remelting depth is presented in Table 5.
Observations of the cross section confirm that there exist
for all samples alloyed with SiC powder, a fluently transition
zone between the obtained zones – alloying- and heat influence

Fig. 12. X-Ray diffraction of the SiC fed Al surface layer according to
the Bragg-Bretano method

Surface layer hardness and depth of the alloying zone and heat influence zone

TABLE 5

Hardness and remelting depth of the surface layer
Remelting conditions
Alloying zone depth, mm
Heat influence zone depth, mm
matrix
Hardness,
HRF
surface layer

SiC 1.2 g/min, 2.0 kW, AlSi9Cu2
1.2
0.9
73
75

SiC 1.2 g/min, 2.0 kW, AlSi9Cu2, coated
surface
1.6
0.9
73
78
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There are also some further investigations including other
ceramic powders as well as other substrate material from the
Al-Si-Cu group. The future investigations will enable a more
accurate analysis of zone between different sublayers and
allow also a more precise definition of the obtained layers
morphology. In next papers there will be also revealed some
structure details in case of tungsten carbide powder feeding.
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allow to determine the thickness measurement of the obtained
remelting surface, ranging up to 1.5 mm, with a hardness of
the surface layer up to 78 HRF, slightly higher compared to the
non-treated material.

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

[10]
[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

K. Partes, G. Sepold, J Mater Process Tech. 195, 27-33 (2008).
E. Kennedy, G. Byrne, D. N. Collins, J Mater Process Tech.
155-156, 1855-1860 (2004).
L.A. Dobrzański, B. Tomiczek, M. Pawlyta, P. Nuckowski,
Mater Sci Forum. 783, 1591-1596 (2014).
P. Bała, Arch Metall Mater. 54, (2), 491-498 (2009).
L.A. Dobrzański, K. Labisz, M. Piec, A.J. Lelątko, A. Klimpel,
Mater Sci Forum. 530-531, 334-339 (2006).
W. Piekarska, M. Kubiak, Z. Saternus, Arch Metall Mater. 57,
(4), 1219-1227 (2012).
J. Krawczyk, P. Bała, Arch Metall Mater. 54, (1), 233-239
(2009).
K. Labisz, Mat.-wiss. u. Werkstofftech. 45, 314-324 (2014),
DOI: 10.1002/mawe.201400231.
S. Rusz, J. Dutkiewicz, M. Faryna, W. Maziarz, Ł. Rogal, J.
Bogucka, K. Malanik, J. Kedroň, S. Tylšar, Sol St Phen. 186,
94-97 (2012).
T. Tański, Mat.-wiss. u. Werkstofftech. 45 (5), 333-343 (2014).
A. Lisiecki, Metals. 5 (1) 54-69 (2015), DOI:10.3390/
met5010054.
T. Tański, K. Labisz, B. Krupińska, M. Krupiński, M. Król,
R. Maniara, W. Borek, J Therm Anal Calorim. 123 (1), 63-74
(2016).
A. Zieliński, G. Golański, M. Sroka, Kovove Mater. 54, (1),
51-58 (2016).
L.W. Żukowska, A. Śliwa, J. Mikuła, M. Bonek, W. Kwaśny,
M. Sroka, D. Pakuła, Arch Metall Mater, 61, (1), (2016).
L.A. Dobrzański, W. Borek, Mater Sci Forum. 706-709, 20532058 (2012).
G. Bilir, G. Eryürek, Ceram. Int. 42 (5), 6065-6071 (2016).
F. Li, Z. Gao, L. Li, Y. Chen, Opt. Laser Technol. 77, 134-143
(2016).
Y. Fu, J. Li, Y. Liu, L. Liu, H. Zhao, Y. Pan, Ceramics Internat.
41 (10), 12535-12542 (2015).
M. Vlasova, M. Kakazey, P.A. Márquez Aguilar, V. Stetsenko,
A. Bykov, S. Lakiza, J Alloy Compd.. 586 (1), 199-204 (2014).
F. Niu, D. Wu, S. Zhou, G. Ma, Journal of the European
Ceramic Society. 34 (15), 3811-3817.
T. Hwa-Hsing, Ch. Ming-Lu , Y. Hsiao-Chuan, Journal of the

746
European Ceramic Society. 31 (8), 1383-1388 (2011).
[22] M.C. Mesa, P.B. Oliete, J.Y. Pastor, A. Martín, J. Llorca,
Journal of the European Ceramic Society. 34 (9), 2081-2087
(2014).
[23] L. Kun, L. Yayiang, J. Wang, M. Qunshuang, L. Li, L. Xinyue,

J Alloy Compd. 647 (25) 41-49 (2015).
[24] K. Dai, L. Shaw, Acta Mater. 52 (1), 69-80 (2004).
[25] J. Sanghera, W. Kim, G. Villalobos, B. Shaw, C. Baker, J.
Frantz, B. Sadowski, I. Aggarwal, Optical Mater. 35 (4), 693699 (2013).

