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AbstrAct
Purpose: The test results presented in this chapter concern formation of the quasi-composite MMCs structure 
on the surface of elements from aluminium cast alloys AC-AlSi9Cu and AC-AlSi9Cu4 by fusion of the carbide 
or ceramic particles WC, SiC, ZrO2 and Al2O3 in the surface of alloys. In addition, within the scope of the tests 
the phase transformations and precipitation processes present during laser remelting and fusion at appropriately 
selected parameters: laser power, the rate of fusion and quantity of the ceramic powder fed have been partially 
examined.
Design/methodology/approach: In general, the laser surface processing should result in achievement of the 
surface layer with the most favourable physical and mechanical properties, in particular enhancement of surface 
hardness, improvement of abrasion resistance and resistance to corrosion is assumed in relation to the selected 
aluminium alloys after standard thermal processing.
Findings: The presented results of the surface layer include analysis of the mechanisms responsible for 
formation of the layer, and particularly concern remelting of the substrate and its crystallisation at various 
parameters of the High Power Diode Laser (HPDL) and the technological conditions of the surface processing, 
remelting and fusion of the particles in the surface of cast alloys ACAlSi9Cu and ACAlSi9Cu4. For the purpose 
of testing the structure of the obtained surface layers the test methods making use of the light microscopy method 
supported with computer image analysis, transmission and scanning electron microscopy, X-ray analysis, X-ray 
microanalysis, as well as methods for testing the mechanical and usable properties have been used.
Practical implications: What is more, development of the technology of surface refinement of cast alloys  
Al-Si-Cu with the laser fusion methods will allow for complex solving of the problem related to enhancement 
of the surface layer properties, taking into account both economic and ecological aspects.
Originality/value: On the basis of the test result analysis it has been pointed out that in case of the analysed 
aluminium cast alloys the applied laser surface processing, and the thermal processing preceding it, ensuring 
occurrence of the mechanisms responsible for material strengthening, enable enhancement of the mechanical 
and usable properties of the examined alloys. An essential objective is also to indicate the multiple possibilities 
for continuation of the tests, regarding the light metal alloys aluminium, magnesium and titanium, broadening 
the current knowledge within the scope of elements and light structures.
Keywords: Laser treatment; Surface treatment; Aluminium alloys; Alloying
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1.Introduction
 
While analysing the given element in terms of its internal 

structure as well as possible, future working conditions it should 
be remembered that the product properties depend mainly on two 
factors: internal structure of the material, from which it has been 
made and on the condition of the external surface having both 
direct mechanical and chemical contact with the environment, 
including inter alia with the tools processing the given element, as 
well as during exploitation with the surfaces of other co-operating 
elements. The character of the surface, its morphology and 
properties often have direct impact on the product manufacturing, 
and in the most cases the surface quality decides just on its 
functional qualities. The surface layer of the material is 
characterised not only by its shape, roughness and appearance 
(colour, transparency), but also by a number of other properties 
that are completely different from the properties of the inside of 
the material, which in a significant manner influence the various 
types of mechanisms occurring around its area, i.e.: friction, 
fatigue, corrosion, erosion, diffusion, conductivity and determine 
the usability and fitness of the surface processed elements for 
possible uses. Despite the fact that the surface layer of the 
engineering materials may not be formed independently from the 
substrate, nevertheless the requirements set to the inside of the 
product are usually different from the conditions that are expected 
from the manufactured surfaces. Often due to economic, 
technological or even practical reasons it is more advantageous to 
select the substrate in such a way that it would conform to the 
general resistance assumptions anticipated for the given element, 
and as a next step to apply one of the techniques for its surface 
treatment in order to protect it against destruction or to enhance 
its usable properties. Therefore the material selection constitute 
such an important stage of design, which is often executed due to 
destructive processes present during the given work environment. 
Attention should also be paid to the fact that formation of the new 
materials, including also the ones with the applied coating, carries 
the possibility of discovering the pioneering, previously 
unidentified structural and wear mechanisms or specification of 
broader scope of the already existing mechanisms. 

In relation to the current market demand for light and reliable 
constructions, aluminium alloys, belonging to the group of the 
construction materials, characterised by a number of good 
mechanical and usable properties, good castability and resistance 
to corrosion play an important role. Aluminium alloys, 
constituting the combination of the low density and high strength 
are more and more often used in situations, where reduction of the 
subassembly element masses is significant, desired and feasible. 

Characteristics of the mentioned mechanisms and their 
dependency has not only cognitive significance, but also enables 
to specify broader methodological and application perspectives of 
the presented aluminium cast alloys, which has a particular 
importance when the necessity of manufacturing of the 
engineering materials and elements that are executed on their 
basis on the request is clearly discussed. The analysis of the test 
results of the mechanical and usable properties as well as tests of 
the structure of the surface layer of aluminium alloys after thermal 
and surface processing will allow for specification of the 
conditions of the laser surface processing of the aluminium alloys, 
such as the rate of scanning, laser power, used within the scope 
from 1.0 up to 2.2 kW, type and rate of the powder feeding, in 

order to produce the best possible surface layers on the surface of 
the processed alloys. 

The highest demand for the aluminium alloys has been 
indicated and is still currently indicated by the automobile 
industry. The specific features of certain types of Al-Si alloys 
result in their particular fitness for strictly set applications, related 
to working conditions of the given elements e.g. for 
manufacturing of the pistons intended for internal-combustion 
engines and engines with high loads. Moreover, the aluminium 
alloys, the participation of which in the total mass of the motor 
vehicle presently amounts to circa 200 kg, are also used, inter alia, 
for the elements of the drive mechanism (pistons, transmission 
shafts, cylinder heads, cylinder blocks, gearboxes), elements of 
the body (vehicle frames and constructions, driver’s cabs, 
bonnets, doors, seat constructions, bumpers, cargo roof guides), 
elements of the chassis (braking systems, hoops, axles: rear and 
front) and other as semi-trailers, petrol tanks or heat exchangers. 
An example of relatively new applications of aluminium alloys 
are body constructions that are entirely made of this kind of 
material, as e.g. spatial construction of Audi A8 body, enabling 
reduction of the vehicle mass by 40% in relation to the traditional 
frame made of steel [95]. In addition, 125 kg of the sheet metal, 
70 kg of bars, 150 kg of casts and 40 kg of other aluminium forms 
accrue to the mass amounting to 385 kg of elements made of 
aluminium alloys used in the given vehicle. The priority goal of 
nearly all the companies, global consortiums and research centres 
along with the leading companies from China, USA and Europe is 
at present set to radically reduce emissions of the carbon oxide in 
the atmosphere, and what follows, to aim at reduction of the mass 
of construction and elements with simultaneous preservation or 
enhancement of their present properties. The need for reduction of 
the basic mass of the vehicles becomes so much more significant, 
that more and more transportation means are equipped with the 
so-called additional accessories (such as airbags, additional 
seatbelts, power window systems, etc.) increasing their mass, 
which aims not only at improvement of the traffic safety, but also 
at enhancement of the usable attractiveness of such vehicles. 
Every kilogram of Al (2.7 g/cm3) substituting around 3 kg of steel 
(7.86 g/cm3), in the entire vehicle lifespan, makes economy 
amounting to approx. 20 kg CO2. Reduction of the weight of the 
average car size weighing 1400 kg results in reduction of the fuel 
consumption by 0.6 l at the distance amounting to 100 km [1]. 
Increased tests and multiple applications of the aluminium alloys 
in the constructions and other vehicle elements in the automobile 
industry will result in the possibility to reduce the average vehicle 
weight by around 300 kg, which, at average consumption of 
7.2 l/100 km, gives economy in the amount of 3000 l in the entire 
lifespan of the given product and reduction of the exhaust fumes 
emissions by around 20%. 

Aluminium alloys are at present one of the most frequently 
used construction materials of our century [2-4, 5-8], therefore it 
is very important to maintain high rate of the tests related to 
problems of the light alloys. Increasing the properties, particularly 
of the surface layer is however inextricably combined with 
application of appropriate technologies and methods for their 
formation. The methods making use of lasers are included within 
such technologies. Laser technologies play a vital role in the 
engineering of the surface of aluminium alloys. Lasers are type of 
devices that for many years have already been inextricably 
combined with improvement of the quality of our lives. What is 
more, their constant development, finding more recent forms of 
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1.Introduction
 
While analysing the given element in terms of its internal 

structure as well as possible, future working conditions it should 
be remembered that the product properties depend mainly on two 
factors: internal structure of the material, from which it has been 
made and on the condition of the external surface having both 
direct mechanical and chemical contact with the environment, 
including inter alia with the tools processing the given element, as 
well as during exploitation with the surfaces of other co-operating 
elements. The character of the surface, its morphology and 
properties often have direct impact on the product manufacturing, 
and in the most cases the surface quality decides just on its 
functional qualities. The surface layer of the material is 
characterised not only by its shape, roughness and appearance 
(colour, transparency), but also by a number of other properties 
that are completely different from the properties of the inside of 
the material, which in a significant manner influence the various 
types of mechanisms occurring around its area, i.e.: friction, 
fatigue, corrosion, erosion, diffusion, conductivity and determine 
the usability and fitness of the surface processed elements for 
possible uses. Despite the fact that the surface layer of the 
engineering materials may not be formed independently from the 
substrate, nevertheless the requirements set to the inside of the 
product are usually different from the conditions that are expected 
from the manufactured surfaces. Often due to economic, 
technological or even practical reasons it is more advantageous to 
select the substrate in such a way that it would conform to the 
general resistance assumptions anticipated for the given element, 
and as a next step to apply one of the techniques for its surface 
treatment in order to protect it against destruction or to enhance 
its usable properties. Therefore the material selection constitute 
such an important stage of design, which is often executed due to 
destructive processes present during the given work environment. 
Attention should also be paid to the fact that formation of the new 
materials, including also the ones with the applied coating, carries 
the possibility of discovering the pioneering, previously 
unidentified structural and wear mechanisms or specification of 
broader scope of the already existing mechanisms. 

In relation to the current market demand for light and reliable 
constructions, aluminium alloys, belonging to the group of the 
construction materials, characterised by a number of good 
mechanical and usable properties, good castability and resistance 
to corrosion play an important role. Aluminium alloys, 
constituting the combination of the low density and high strength 
are more and more often used in situations, where reduction of the 
subassembly element masses is significant, desired and feasible. 

Characteristics of the mentioned mechanisms and their 
dependency has not only cognitive significance, but also enables 
to specify broader methodological and application perspectives of 
the presented aluminium cast alloys, which has a particular 
importance when the necessity of manufacturing of the 
engineering materials and elements that are executed on their 
basis on the request is clearly discussed. The analysis of the test 
results of the mechanical and usable properties as well as tests of 
the structure of the surface layer of aluminium alloys after thermal 
and surface processing will allow for specification of the 
conditions of the laser surface processing of the aluminium alloys, 
such as the rate of scanning, laser power, used within the scope 
from 1.0 up to 2.2 kW, type and rate of the powder feeding, in 

order to produce the best possible surface layers on the surface of 
the processed alloys. 

The highest demand for the aluminium alloys has been 
indicated and is still currently indicated by the automobile 
industry. The specific features of certain types of Al-Si alloys 
result in their particular fitness for strictly set applications, related 
to working conditions of the given elements e.g. for 
manufacturing of the pistons intended for internal-combustion 
engines and engines with high loads. Moreover, the aluminium 
alloys, the participation of which in the total mass of the motor 
vehicle presently amounts to circa 200 kg, are also used, inter alia, 
for the elements of the drive mechanism (pistons, transmission 
shafts, cylinder heads, cylinder blocks, gearboxes), elements of 
the body (vehicle frames and constructions, driver’s cabs, 
bonnets, doors, seat constructions, bumpers, cargo roof guides), 
elements of the chassis (braking systems, hoops, axles: rear and 
front) and other as semi-trailers, petrol tanks or heat exchangers. 
An example of relatively new applications of aluminium alloys 
are body constructions that are entirely made of this kind of 
material, as e.g. spatial construction of Audi A8 body, enabling 
reduction of the vehicle mass by 40% in relation to the traditional 
frame made of steel [95]. In addition, 125 kg of the sheet metal, 
70 kg of bars, 150 kg of casts and 40 kg of other aluminium forms 
accrue to the mass amounting to 385 kg of elements made of 
aluminium alloys used in the given vehicle. The priority goal of 
nearly all the companies, global consortiums and research centres 
along with the leading companies from China, USA and Europe is 
at present set to radically reduce emissions of the carbon oxide in 
the atmosphere, and what follows, to aim at reduction of the mass 
of construction and elements with simultaneous preservation or 
enhancement of their present properties. The need for reduction of 
the basic mass of the vehicles becomes so much more significant, 
that more and more transportation means are equipped with the 
so-called additional accessories (such as airbags, additional 
seatbelts, power window systems, etc.) increasing their mass, 
which aims not only at improvement of the traffic safety, but also 
at enhancement of the usable attractiveness of such vehicles. 
Every kilogram of Al (2.7 g/cm3) substituting around 3 kg of steel 
(7.86 g/cm3), in the entire vehicle lifespan, makes economy 
amounting to approx. 20 kg CO2. Reduction of the weight of the 
average car size weighing 1400 kg results in reduction of the fuel 
consumption by 0.6 l at the distance amounting to 100 km [1]. 
Increased tests and multiple applications of the aluminium alloys 
in the constructions and other vehicle elements in the automobile 
industry will result in the possibility to reduce the average vehicle 
weight by around 300 kg, which, at average consumption of 
7.2 l/100 km, gives economy in the amount of 3000 l in the entire 
lifespan of the given product and reduction of the exhaust fumes 
emissions by around 20%. 

Aluminium alloys are at present one of the most frequently 
used construction materials of our century [2-4, 5-8], therefore it 
is very important to maintain high rate of the tests related to 
problems of the light alloys. Increasing the properties, particularly 
of the surface layer is however inextricably combined with 
application of appropriate technologies and methods for their 
formation. The methods making use of lasers are included within 
such technologies. Laser technologies play a vital role in the 
engineering of the surface of aluminium alloys. Lasers are type of 
devices that for many years have already been inextricably 
combined with improvement of the quality of our lives. What is 
more, their constant development, finding more recent forms of 
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In particular realisation of the described problematics is 
related to laser processing of the product surfaces for the purpose 
of development of quasi-composite surface layer of the cast alloys 
Al-Si-Cu by means of fusion with the use of HPDL laser in the 
surface of the aluminium elements of fine particles and fast 
micro-nanocrystallisation is related to presentation of the results 
of the following tests regarding:  

specification of the parameters for manufacturing of the 
surface layers, 
selection of the ceramic powders used for fusion, conforming 
to the imposed requirements, 
preliminary specification of the structure of the developed 
surface layers in relation to the applied technological 
parameters with the use of the method of scanning 
microscopy with EDS attachments, X-ray analysis, 
determination of the mechanical and usable properties, 
particularly hardness and roughness, 
complex tests of the structure of the developed laser surface 
layers with the use of the light microscopy methods, scanning 
electron microscopy, X-ray analysis and EDS spectroscopy, 
tests of the transformation zone and the connection zone 
between the core and the surface layer made by the laser with 
the use of the methods of scanning electron microscopy, EDS 
spectroscopy and X-ray microanalysis, 
tests of the usable and exploitation properties, in particular of 
the resistance to tribological wear and resistance to 
electrochemical corrosion in three-electrode chamber in the 
classified corroding mediums, in relation to the platinum and 
calomel electrode. 

 
 
2. Analysis of the results 

 
Due to the occurrence of the high temperature gradient on 

the border of the melted surface layer and the substrate, rapid 
quenching and solidification of the liquid metal takes place. Due 
to properties of the laser beam depth of the partial melting of the 
substrate’s metal may be adjusted with high precision, at the same 
time ensuring achievement of properties of the surface layers with 
the desired chemical composition and adjusted participation of the 
specific structural components. It is also possible to obtain the 
metal layers e.g. with nanocrystalline structure, layers including 
hard intermetallic phases in the soft metal matrix, cermetal and 
ceramic layers with very high hardness, resistance to corrosion, 
scaling and abrasive wear. Occurrence of homogeneity and 
uniformity of distribution of all the phases along the entire 
thickness is a characteristic feature of a well-formed layer, apart 
from the presence of a very thin layer of diffusion saturation. 
After solidification a layer with a different chemical composition, 
structure and properties in comparison to the initial material is 
formed. Properties of the surface layer depend on the substrate, 
fusion material and fusion parameters, however the obtained 
surface layer almost always rich with fusion particles is 
distinguished by hardness and fatigue strength higher than the 
substrate, better tribological and anticorrosive properties, with a 
simultaneous increase of roughness. As a result, processing on the 
elements is frequently made after fusion, aiming at smoothing of 
the surface. Impact of the ceramic powders introduced into matrix 

may result in occurrence of the dispersion strengthening, 
nevertheless depending on the size of the alloying material 
introduced to the matrix of the metal material. Formation of the 
surface layer by means of a laser fusion method of ceramic 
powders on the surface of the described aluminium cast alloys 
with silicon with the use of the HPDL laser aimed at increase of 
the usable properties of the surface layer made of this group of the 
light alloys, that is: hardness and abrasion resistance. 

Metallographic analysis of the cross-sections of the samples 
from aluminium alloys in the surfaces of which ceramic powders 
WC, SiC, Al2O3 and ZrO2 have been subject to fusion with the 
use of laser 1.5 kW and 2.0 kW confirms occurrence of the 
characteristic type of topography of the surface of the samples for 
every one applied for fusion of the ceramic powder, as well as 
clear influence of the laser power on the shape of the face of the 
stitch (Figs. 13-16). The surface layer of the aluminium alloys 
melted by means of laser, without the use of the ceramic powder 
indicates more regular and flat shape of the melting area in 
comparison to the surface layer obtained after fusion of the 
ceramic powders, in case of which typical fluctuations of the 
additional material on the surface of the sample have been 
observed. Such types of fluctuations are caused by the change of 
the surface tensions, as well as absorption of the laser radiation 
energy by the powder used during laser processing, which in turn 
has a substantial impact on increase of roughness on the surface 
of the samples. 

Analysis of the results of the structural tests carried out in 
high-resolution scanning electron microscope of the laser 
processed aluminium alloys AlSi9Cu and AlSi9Cu4 with ceramic 
powders WC, SiC, Al2O3 and ZrO2 confirmed occurrence of the 
melted zone with visible dendrite structure for all the used 
ceramic powders (Figs. 13-16). The zone character of the 
obtained surface layer is also recognisable for this type of 
technology, which is also confirmed by the structural tests, for the 
selected group of powders, composed by: melted zone, heat 
impact zone and transformation zone combining the heat impact 
zone with the substrate material. After laser fusion of the surface 
layer of aluminium alloys AlSi9Cu and AlSi9Cu4 with ceramic 
powder of aluminium oxide Al2O3 (Fig. 13) occurrence of the 
solid burnt surface layer of aluminium oxide and lack of presence 
of the particles of the powder used in the melted zone for the 
entire scope of the used laser power has been revealed. Increase of 
the amount of the fed powder from 4.0 g/min even up to 6.0 g/min 
did not ensure fusion of Al2O3 powder to the matrix, increase of 
thickness of the obtained surface layer of aluminium oxide has 
only been confirmed (Fig. 17). However the formed layers of the 
aluminium oxide indicate substantial unevenness, they are folded, 
and the visual cracks attest to high fragility of the obtained layer. 
The surface layer visible on the drawings 21-28, formed during 
fusion of the powder Al2O3, most probably consisting in 
amorphous phase of the aluminium oxide may also be classified 
as a coating, due to the fact that the performed tests so far have 
not provided evidence for fusion of the powder Al2O3 in the 
aluminium matrix. Testing of the transformation zone between the 
formed amorphous coating and the aluminium substrate also 
constitutes an essential aspect, so that it would be possible to 
specify, whether the amorphous coating is strictly separated from 
the substrate, or if the zone of fusion of the discussed coating in 
the substrate Al occurs. 
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In particular realisation of the described problematics is 
related to laser processing of the product surfaces for the purpose 
of development of quasi-composite surface layer of the cast alloys 
Al-Si-Cu by means of fusion with the use of HPDL laser in the 
surface of the aluminium elements of fine particles and fast 
micro-nanocrystallisation is related to presentation of the results 
of the following tests regarding:  

specification of the parameters for manufacturing of the 
surface layers, 
selection of the ceramic powders used for fusion, conforming 
to the imposed requirements, 
preliminary specification of the structure of the developed 
surface layers in relation to the applied technological 
parameters with the use of the method of scanning 
microscopy with EDS attachments, X-ray analysis, 
determination of the mechanical and usable properties, 
particularly hardness and roughness, 
complex tests of the structure of the developed laser surface 
layers with the use of the light microscopy methods, scanning 
electron microscopy, X-ray analysis and EDS spectroscopy, 
tests of the transformation zone and the connection zone 
between the core and the surface layer made by the laser with 
the use of the methods of scanning electron microscopy, EDS 
spectroscopy and X-ray microanalysis, 
tests of the usable and exploitation properties, in particular of 
the resistance to tribological wear and resistance to 
electrochemical corrosion in three-electrode chamber in the 
classified corroding mediums, in relation to the platinum and 
calomel electrode. 

 
 
2. Analysis of the results 

 
Due to the occurrence of the high temperature gradient on 

the border of the melted surface layer and the substrate, rapid 
quenching and solidification of the liquid metal takes place. Due 
to properties of the laser beam depth of the partial melting of the 
substrate’s metal may be adjusted with high precision, at the same 
time ensuring achievement of properties of the surface layers with 
the desired chemical composition and adjusted participation of the 
specific structural components. It is also possible to obtain the 
metal layers e.g. with nanocrystalline structure, layers including 
hard intermetallic phases in the soft metal matrix, cermetal and 
ceramic layers with very high hardness, resistance to corrosion, 
scaling and abrasive wear. Occurrence of homogeneity and 
uniformity of distribution of all the phases along the entire 
thickness is a characteristic feature of a well-formed layer, apart 
from the presence of a very thin layer of diffusion saturation. 
After solidification a layer with a different chemical composition, 
structure and properties in comparison to the initial material is 
formed. Properties of the surface layer depend on the substrate, 
fusion material and fusion parameters, however the obtained 
surface layer almost always rich with fusion particles is 
distinguished by hardness and fatigue strength higher than the 
substrate, better tribological and anticorrosive properties, with a 
simultaneous increase of roughness. As a result, processing on the 
elements is frequently made after fusion, aiming at smoothing of 
the surface. Impact of the ceramic powders introduced into matrix 

may result in occurrence of the dispersion strengthening, 
nevertheless depending on the size of the alloying material 
introduced to the matrix of the metal material. Formation of the 
surface layer by means of a laser fusion method of ceramic 
powders on the surface of the described aluminium cast alloys 
with silicon with the use of the HPDL laser aimed at increase of 
the usable properties of the surface layer made of this group of the 
light alloys, that is: hardness and abrasion resistance. 

Metallographic analysis of the cross-sections of the samples 
from aluminium alloys in the surfaces of which ceramic powders 
WC, SiC, Al2O3 and ZrO2 have been subject to fusion with the 
use of laser 1.5 kW and 2.0 kW confirms occurrence of the 
characteristic type of topography of the surface of the samples for 
every one applied for fusion of the ceramic powder, as well as 
clear influence of the laser power on the shape of the face of the 
stitch (Figs. 13-16). The surface layer of the aluminium alloys 
melted by means of laser, without the use of the ceramic powder 
indicates more regular and flat shape of the melting area in 
comparison to the surface layer obtained after fusion of the 
ceramic powders, in case of which typical fluctuations of the 
additional material on the surface of the sample have been 
observed. Such types of fluctuations are caused by the change of 
the surface tensions, as well as absorption of the laser radiation 
energy by the powder used during laser processing, which in turn 
has a substantial impact on increase of roughness on the surface 
of the samples. 

Analysis of the results of the structural tests carried out in 
high-resolution scanning electron microscope of the laser 
processed aluminium alloys AlSi9Cu and AlSi9Cu4 with ceramic 
powders WC, SiC, Al2O3 and ZrO2 confirmed occurrence of the 
melted zone with visible dendrite structure for all the used 
ceramic powders (Figs. 13-16). The zone character of the 
obtained surface layer is also recognisable for this type of 
technology, which is also confirmed by the structural tests, for the 
selected group of powders, composed by: melted zone, heat 
impact zone and transformation zone combining the heat impact 
zone with the substrate material. After laser fusion of the surface 
layer of aluminium alloys AlSi9Cu and AlSi9Cu4 with ceramic 
powder of aluminium oxide Al2O3 (Fig. 13) occurrence of the 
solid burnt surface layer of aluminium oxide and lack of presence 
of the particles of the powder used in the melted zone for the 
entire scope of the used laser power has been revealed. Increase of 
the amount of the fed powder from 4.0 g/min even up to 6.0 g/min 
did not ensure fusion of Al2O3 powder to the matrix, increase of 
thickness of the obtained surface layer of aluminium oxide has 
only been confirmed (Fig. 17). However the formed layers of the 
aluminium oxide indicate substantial unevenness, they are folded, 
and the visual cracks attest to high fragility of the obtained layer. 
The surface layer visible on the drawings 21-28, formed during 
fusion of the powder Al2O3, most probably consisting in 
amorphous phase of the aluminium oxide may also be classified 
as a coating, due to the fact that the performed tests so far have 
not provided evidence for fusion of the powder Al2O3 in the 
aluminium matrix. Testing of the transformation zone between the 
formed amorphous coating and the aluminium substrate also 
constitutes an essential aspect, so that it would be possible to 
specify, whether the amorphous coating is strictly separated from 
the substrate, or if the zone of fusion of the discussed coating in 
the substrate Al occurs. 
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the following are the most important ones: difference of the 
density and the surface tension (the so-called wettability) between 
the particles of the applied carbides or oxides (SiC, WC, Al2O3, 
ZrO2) and the alloy matrix, differences in the adsorption of the 
beam energy between the used powders and aluminium cast 
alloys and differentiated thermal conductivity of the used 
powders, which substantially influences the amount of heat 
supplied from the outside (from the laser beam) to the substrate 
material at the same time allowing for achievement of better 
melting with uniformly distributed phases of the dispersion 
particles. 

Application of the composite layers carried out by fusion 
into the surfaces of the processed alloys of the particles of 
tungsten carbide or silicon leads to increase of the resistance to 
abrasive wear, being one of the main intentions for shaping the 
properties of the surface layer of the alloys Al-Si-Cu. Not only the 
proper selection of the ceramic powder used for fusion, but also 
its distribution and voluminal participation in the matrix, 
modelled by various technological operations decides about the 
subsequent usable properties of the finished product. 

While testing the surface layer after laser fusion clear 
differences in relation to the introduced ceramic powder have 
been stated. For example, the structure of the surface layer of the 
aluminium cast alloys obtained after fusion of the WC powder is 
characterised by high concentration of the additional material at 
the bottom of the melted zone, which is the result of gravitational 
decrease of the particles with relatively high density (15.69 g/cm3) 
in the melted pool of the liquid metal. Whereas in case of fusion 
of powders of the oxides Al2O3 and ZrO2 no melting in the 
structure of the used particles has been stated, which a s result of 
the influence of the laser beam formed burnt, thin layer of oxides 
on the surface of the processed material (Figs. 29, 30). The 
optimum distribution of the ceramic powder fused in the matrix of 
alloys has been confirmed after executed fusion of the SiC 
powder, characterised by uniform distribution of particles in the 
zone next to the surface of the surface layer (Fig. 37). 
The surface layer was formed as a result of mixing of the 
additional material with the substrate, and is characterised by 
increased hardness, which is related to the structural changes in 
the transformation zone, including inter alia with the presence of 
extensively fragmented grains, new formation of the hard phases, 
presence of the saturated fixed solutions and favourable state of 
own tensions. While testing the dependency of the changes of 
hardness on the influence of the type of substrate and applied 
ceramic powder a maximum 15% increase of hardness has been 
stated in case of the layers manufactured with the use of the ZrO2 
powder, in comparison to hardness of the material after standard 
thermal treatment (Fig. 52). On the basis of the tests of the 
resistance to abrasive wear of the tested samples by means of the 
ball-on-plate method, measuring the friction coefficient and 
characterising the abrasion profiles a substantial increase of the 
abrasion resistance of the manufactured quasi-composite layers 
has been stated, particularly in the case of applied strengthening 
in the form of fine-grain tungsten carbide. 

To sum up, it has been stated that as a result of the thermal 
treatment and the performed laser fusion of ceramic powders into 
the surface of the alloys Al-Si-Cu with the use of HPDL laser it is 
possible to obtain high-quality surface layer without any cracks 

and defects and with hardness exceeding the hardness valued 
achieved for the aluminium substrate. Improvement of the 
hardness may be obtained based on application of the optimum 
fusion parameters, which respectively amount to: rate of fusion 
0.5 m/min for the aluminium oxide and 0.25 m/min for other 
powders, amount of the powder fed 1 g/min (Al2O3), 3 g/min 
(WC), 1.5 g/min (SiC), optimum laser power amounted to 2.0 kW 
(1.5 kW in case of Al2O3). 

Nevertheless, the large minus of the technique of laser fusion 
of the ceramic powders, particularly the oxides, is premature 
sublimation and disintegration of extensive part of the material 
fused as a result of radiation by high-energy laser beam, even 
before the stage of introduction into the liquid pool. Apart from 
that, too extensive amount of powder, being at the same time 
absorbent of the laser radiation, and what follows, the heat carrier 
or too extensive blowing of the powder into the surface of the 
processed alloys Al-Si-Cu, causes extensive, undesirable reaction 
of the additional material, which is usually accompanied by 
intensive flame of the disintegration reaction. As a consequence 
of such influences on the path powder - laser beam - substrate 
material, on the surface of the processed alloy numerous holes 
and new layer of material occur outside the melted path, extensive 
turbulences of the melted material and undesired, irregular, high 
agglomerates may be formed, being a composition of the natural 
material and the melted powders. 

Despite the fact that application of the laser fusion of 
ceramic powders, and particularly the carbides turned out to be 
conscious effort and substantially influencing the improvement of 
hardness (Fig. 52) and abrasion resistance (Figs. 53-56) in case of 
small surfaces, nevertheless this method indicates many 
disadvantages, to which extensive roughness of surfaces, 
disabling measurement of this parameter after laser fusion and 
low corrosion resistance mainly caused by numerous defects of 
the obtained layers should be included. Among the disadvantages 
the economic factors should also be classified, particularly 
consisting in the lack of validity for using laser fusion for 
processing of large surfaces, due to higher costs of the technology 
in comparison to the traditional methods e.g. painting techniques 
or plating. 

 
 

4. Conclusions
 
1. The conducted tests enabled realisation of objectives of the 

hereby paper, namely that application of the laser surface 
processing for improvement of the exploitation properties of 
surfaces of the aluminium cast alloys allows for formation of 
the surface layer characterised by better mechanical and 
tribological properties in comparison as opposed to the core 
material. 

2. It has been indicated that the surface layer obtained by means 
of laser fusion and remelting technology has greater hardness 
and resistance to abrasion in comparison to the aluminium 
material after conventional thermal treatment. What is more, 
laser fusion by means of the ceramic powders substantially 
influences fragmentation of the structure in the melted zone 
and heat impact zone within the tested scope of the laser 
power, at the same time increasing properties of the obtained 
layers. 

3. Tests of the usable properties of the surface layers formed by 
means of laser indicate increase of hardness and resistance to 
abrasion of the surface layer with the fused powders of 
carbides WC and SiC and relatively low corrosion resistance. 
In case of powders of the aluminium and zirconium oxides the 
surface layer obtained by the laser fusion method has a form 
of oxide coating, composed by the elements present in the 
fused ceramic powders. In case of the surface layers after 
fusion of the oxide powders occurrence of the melted zone 
has not been confirmed, and at the same time presence of the 
particles fused in the matrix of aluminium alloys has also not 
been confirmed. The WC and SiC powder introduced into the 
matrix of the selected aluminium alloys during fusion has a 
form of particles uniformly distributed in the melted zone. 
On the basis of the performed tests an interesting direction of 

further tests within the scope of surface processing has also been 
indicated, regarding absorption, combination of the basic fusion 
parameters and the resulting possibilities of optimisation of the 
usable properties of the surface layer of the aluminium cast alloys, 
related to design an application of new improvements of the types 
of feeders or nozzles, application of fluxes so at to minimise the 
negative influence of the radiation absorption of the laser beam. It 
is particularly anticipated that the future directions for 
development regarding the laser techniques and vacuum 
deposition of coating will include: 

testing the possibilities of intended application of laser fusion 
of the ceramic powders into the matrix of the light metal 
alloys based on use of other sources of the laser beam, 
particularly the fibre and disc laser, characterised by higher 
power density, smaller size of the spot in the beam focus, as 
well as more precise specification of the width and depth of 
fusion. 
development of the presently conducted tests, including laser 
fusion, while making allowance for the diversified granulation 
and shape of the ceramic powder introduced to the matrix, 
testing the properties of the surface layer depending on the 
size of the particles fused and their dispersion in the matrix, 
application of various possibilities for surface preparation 
prior the laser processing (anodising, etching, sand-blast 
cleaning, painting intended for increase of absorption of laser 
radiation) ensuring better dispersion of the powder particles in 
the matrix and application of fluxes, so as to reduce the 
surface resistance and improve the wettability of the ceramic 
powders. 
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the following are the most important ones: difference of the 
density and the surface tension (the so-called wettability) between 
the particles of the applied carbides or oxides (SiC, WC, Al2O3, 
ZrO2) and the alloy matrix, differences in the adsorption of the 
beam energy between the used powders and aluminium cast 
alloys and differentiated thermal conductivity of the used 
powders, which substantially influences the amount of heat 
supplied from the outside (from the laser beam) to the substrate 
material at the same time allowing for achievement of better 
melting with uniformly distributed phases of the dispersion 
particles. 

Application of the composite layers carried out by fusion 
into the surfaces of the processed alloys of the particles of 
tungsten carbide or silicon leads to increase of the resistance to 
abrasive wear, being one of the main intentions for shaping the 
properties of the surface layer of the alloys Al-Si-Cu. Not only the 
proper selection of the ceramic powder used for fusion, but also 
its distribution and voluminal participation in the matrix, 
modelled by various technological operations decides about the 
subsequent usable properties of the finished product. 

While testing the surface layer after laser fusion clear 
differences in relation to the introduced ceramic powder have 
been stated. For example, the structure of the surface layer of the 
aluminium cast alloys obtained after fusion of the WC powder is 
characterised by high concentration of the additional material at 
the bottom of the melted zone, which is the result of gravitational 
decrease of the particles with relatively high density (15.69 g/cm3) 
in the melted pool of the liquid metal. Whereas in case of fusion 
of powders of the oxides Al2O3 and ZrO2 no melting in the 
structure of the used particles has been stated, which a s result of 
the influence of the laser beam formed burnt, thin layer of oxides 
on the surface of the processed material (Figs. 29, 30). The 
optimum distribution of the ceramic powder fused in the matrix of 
alloys has been confirmed after executed fusion of the SiC 
powder, characterised by uniform distribution of particles in the 
zone next to the surface of the surface layer (Fig. 37). 
The surface layer was formed as a result of mixing of the 
additional material with the substrate, and is characterised by 
increased hardness, which is related to the structural changes in 
the transformation zone, including inter alia with the presence of 
extensively fragmented grains, new formation of the hard phases, 
presence of the saturated fixed solutions and favourable state of 
own tensions. While testing the dependency of the changes of 
hardness on the influence of the type of substrate and applied 
ceramic powder a maximum 15% increase of hardness has been 
stated in case of the layers manufactured with the use of the ZrO2 
powder, in comparison to hardness of the material after standard 
thermal treatment (Fig. 52). On the basis of the tests of the 
resistance to abrasive wear of the tested samples by means of the 
ball-on-plate method, measuring the friction coefficient and 
characterising the abrasion profiles a substantial increase of the 
abrasion resistance of the manufactured quasi-composite layers 
has been stated, particularly in the case of applied strengthening 
in the form of fine-grain tungsten carbide. 

To sum up, it has been stated that as a result of the thermal 
treatment and the performed laser fusion of ceramic powders into 
the surface of the alloys Al-Si-Cu with the use of HPDL laser it is 
possible to obtain high-quality surface layer without any cracks 

and defects and with hardness exceeding the hardness valued 
achieved for the aluminium substrate. Improvement of the 
hardness may be obtained based on application of the optimum 
fusion parameters, which respectively amount to: rate of fusion 
0.5 m/min for the aluminium oxide and 0.25 m/min for other 
powders, amount of the powder fed 1 g/min (Al2O3), 3 g/min 
(WC), 1.5 g/min (SiC), optimum laser power amounted to 2.0 kW 
(1.5 kW in case of Al2O3). 

Nevertheless, the large minus of the technique of laser fusion 
of the ceramic powders, particularly the oxides, is premature 
sublimation and disintegration of extensive part of the material 
fused as a result of radiation by high-energy laser beam, even 
before the stage of introduction into the liquid pool. Apart from 
that, too extensive amount of powder, being at the same time 
absorbent of the laser radiation, and what follows, the heat carrier 
or too extensive blowing of the powder into the surface of the 
processed alloys Al-Si-Cu, causes extensive, undesirable reaction 
of the additional material, which is usually accompanied by 
intensive flame of the disintegration reaction. As a consequence 
of such influences on the path powder - laser beam - substrate 
material, on the surface of the processed alloy numerous holes 
and new layer of material occur outside the melted path, extensive 
turbulences of the melted material and undesired, irregular, high 
agglomerates may be formed, being a composition of the natural 
material and the melted powders. 

Despite the fact that application of the laser fusion of 
ceramic powders, and particularly the carbides turned out to be 
conscious effort and substantially influencing the improvement of 
hardness (Fig. 52) and abrasion resistance (Figs. 53-56) in case of 
small surfaces, nevertheless this method indicates many 
disadvantages, to which extensive roughness of surfaces, 
disabling measurement of this parameter after laser fusion and 
low corrosion resistance mainly caused by numerous defects of 
the obtained layers should be included. Among the disadvantages 
the economic factors should also be classified, particularly 
consisting in the lack of validity for using laser fusion for 
processing of large surfaces, due to higher costs of the technology 
in comparison to the traditional methods e.g. painting techniques 
or plating. 

 
 

4. Conclusions
 
1. The conducted tests enabled realisation of objectives of the 

hereby paper, namely that application of the laser surface 
processing for improvement of the exploitation properties of 
surfaces of the aluminium cast alloys allows for formation of 
the surface layer characterised by better mechanical and 
tribological properties in comparison as opposed to the core 
material. 

2. It has been indicated that the surface layer obtained by means 
of laser fusion and remelting technology has greater hardness 
and resistance to abrasion in comparison to the aluminium 
material after conventional thermal treatment. What is more, 
laser fusion by means of the ceramic powders substantially 
influences fragmentation of the structure in the melted zone 
and heat impact zone within the tested scope of the laser 
power, at the same time increasing properties of the obtained 
layers. 

3. Tests of the usable properties of the surface layers formed by 
means of laser indicate increase of hardness and resistance to 
abrasion of the surface layer with the fused powders of 
carbides WC and SiC and relatively low corrosion resistance. 
In case of powders of the aluminium and zirconium oxides the 
surface layer obtained by the laser fusion method has a form 
of oxide coating, composed by the elements present in the 
fused ceramic powders. In case of the surface layers after 
fusion of the oxide powders occurrence of the melted zone 
has not been confirmed, and at the same time presence of the 
particles fused in the matrix of aluminium alloys has also not 
been confirmed. The WC and SiC powder introduced into the 
matrix of the selected aluminium alloys during fusion has a 
form of particles uniformly distributed in the melted zone. 
On the basis of the performed tests an interesting direction of 

further tests within the scope of surface processing has also been 
indicated, regarding absorption, combination of the basic fusion 
parameters and the resulting possibilities of optimisation of the 
usable properties of the surface layer of the aluminium cast alloys, 
related to design an application of new improvements of the types 
of feeders or nozzles, application of fluxes so at to minimise the 
negative influence of the radiation absorption of the laser beam. It 
is particularly anticipated that the future directions for 
development regarding the laser techniques and vacuum 
deposition of coating will include: 

testing the possibilities of intended application of laser fusion 
of the ceramic powders into the matrix of the light metal 
alloys based on use of other sources of the laser beam, 
particularly the fibre and disc laser, characterised by higher 
power density, smaller size of the spot in the beam focus, as 
well as more precise specification of the width and depth of 
fusion. 
development of the presently conducted tests, including laser 
fusion, while making allowance for the diversified granulation 
and shape of the ceramic powder introduced to the matrix, 
testing the properties of the surface layer depending on the 
size of the particles fused and their dispersion in the matrix, 
application of various possibilities for surface preparation 
prior the laser processing (anodising, etching, sand-blast 
cleaning, painting intended for increase of absorption of laser 
radiation) ensuring better dispersion of the powder particles in 
the matrix and application of fluxes, so as to reduce the 
surface resistance and improve the wettability of the ceramic 
powders. 
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