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1. Introduction 

Title of my PhD thesis is “In situ production of metal-ceramic nano- and microcomposite layers 
by laser beam technology”; based on this, its subject belongs to scope of technical material science. 
Definition of technical material science has not been crystallised yet in its final form; today; it is 
generally accepted that this science deals with conscious designing and producing of materials to 
satisfy user needs, taking into account the fact that production, use of these materials can be accom-
plished only in closed-loop technologies.  

At the end of the second third of the 20th century, a number of technological solutions were devel-
oped for high-performance applications for vehicles, airplanes and space industries. For example, 
we often rise opposite requirements to surface and “core” of parts used in machine industry. In ma-
chine and vehicle industry, beside parts made of metallic base materials, those made of plastics and 
ceramics have appeared as well, and they today can represent already a significant ratio of mass of 
cars. Some properties, features of these latters is more favourable than that of metals. Hardness, 
abrasion resistance, heat and heat shock resistance, corrosion resistance etc. of ceramics is better 
than corresponding parameters of steels, but their tension strength and bending strength, resistance 
to dynamic stress etc. is much more unfavourable. Combination of those features of metals and ce-
ramics that are favourable in respect of application can be accomplished by reinforced metal-
ceramic composites.  

Metal matrix composites that were reinforced by particles result in various feature combinations, 
but they are significantly more expensive than conventional alloys. In some cases, however, it is 
enough to improve only surface properties of the part. Thus creation of a surface metal matrix com-
posite layer means more effective possibility to satisfy user demands. One of recent possibilities for 
production of metal matrix composites was created by application of laser beam technology, one 
way of which was discovered 35 years ago [Schaefer 1980, Schaefer 1981], which is known today 
as LMI (Laser Melt Injection). During LMI technology we insert particles into metal melt that was 
melted by laser beam using carrier gas. Depth of the melt is approximately 1 mm, conventional size 
of reinforcing particles is between 10-100 µm. In this case, between the layer and the base material 
some cohesive connection is established, thus parts and tools of increased lifetime – with optimal 
property combination in respect of volume and surface stress – can be produced economically. One 
of disadvantages of the LMI method is, however, that ceramic particles – that we use for creation of 
the composite layer – are not wetted properly by the liquid phase, and because of the difference 
between the densities of metals and ceramics and unfavourable effects of interfacial energies, prac-
tical accomplishment hits against difficulties. This limit can be solved if the second phase (reinforc-
ing phase) is established by way of controlled reaction in the melt in situ. In situ creation of the re-
inforcing phase allows to affect the size and quantity of the particles and thereby the character of 
connection to the matrix by parameters of applied technology, which establishes possibility for pro-
duction of nano- and microcomposite layers.  
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2. Evaluation of literature results  

I could evaluate results of literature sources I have learned and introduced in details according 
to numerous, different approaches. From possible aspects I selected the one that based on the intro-
duced results, assigns a real way for production of nano- and microcomposites. I finished literature 
search by 31.12.2012. 

In principle, there are two possibilities for production of surface composite layers created by la-
ser beam technology, and within these two possibilities also two technologic variants are possible. 
Two cases of establishment of a composite layer can be distinguished basically by the fact whether 
reinforcing ceramic particles are inserted into the composite layer from an external source “in ready 
state” or – as a result of some chemical reaction – they are evolved there. In the first case we have 
in mind dispersing, while in the second – “in situ” method. Both methods can be accomplished in 
one or two steps. During the one-step method, we insert ceramic particles themselves or compo-
nents required for their creation directly into the melt pool of the base material melted by laser 
beam. When using the two-step technology, we firstly apply the reinforcing particles or materials 
required for their creation – these can be in elementary or compound form – onto the surface, then 
following this, we locally melt the base material by laser beam.  

In my PhD thesis – in its experimental part – I dealt with creation of the surface composite layer 
based on one-step in situ reaction, and I studied a special and novel variant of the two-step technol-
ogy. For the latter it is typical that metallic component of ceramic particles was inserted into the 
alloyed layer by laser beam alloying, while non-metallic component, after alloying by laser beam as 
a result of base material/gas reaction performed in solid state with increased temperature. Although 
regarding to the two basic methods – as it revealed on the basis of analysis of literature – composite 
layer reinforced by nano- or micrometric ceramic particles cannot be created by dispersing, analysis 
of this method also leads to significant conclusions from the point of view of the in-situ procedure.  

When dispersing, forming of the composite layer is determined by the factors of 3 groups:  
1. bond type, density and size of reinforcing phase, 
2. density and surface tension of melt, and 
3. wetting that is characteristic for interaction between melt and particles. 

Having regard to these properties, concerning the value of the smallest particle size (Rkr), several 
models are known from literature [Kaptay, 1996 és Vreeling, 2000]. In both relations that serve for 
determination of the above listed material properties take place. In special articles found in litera-
ture, carbides, oxides, borides and nitrides are used for reinforcing phase. Bond of carbides is metal-
lic, bond type of oxides and borides is ionic, and nitrides have covalent bond. Bond type, its di-
rected or non-directed character specifies crystal structure of the reinforcing phase and thereby its 
physical properties, e.g. in case of oxides that have pure ionic bond, there is a close relation be-
tween density and oxygen ion/metal cation ratio or atomic weight of the metal cation.  

For successful incorporation, wetting angle between the reinforcing particle as well as surface ten-
sion of melt play a determining role, too. On Fig. 1, for example, I demonstrate relation between rkr 
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for particles of different bond types and wetting angle () for steel melt (7,0 g/cm3). On the figure, 
ratio of density of particles and of melt takes place (1; 1,5; 2) as a parameter. From the figure, it can 
be read out that if e.g. density ratio for oxides is 1 then the value of rkr is between 40-60 µm, which 
means that in principle particles with 80-120 µm sizes can be inserted into melt. At ceramic parti-
cles having covalent bond the situation is even more unfavourable, while the most favourable wet-
ting property and the corresponding value of Rkr are represented by particles of metallic bond, e.g. 
carbides. The value of Rkr for particles of metallic bond can be between 0-40 µm. 

 
Fig. 1: Calculated dependence of minimal particle radius required for submersion of particles on 
the contact angle (x-axis) and on relative density of particles Typical contact angle values of ce-

ramics types (metallic, ionic, covalent) can be seen at the top of the diagram. (Parameters: α=45, 
v = 10 m/s, σ=1,9 J/m2, L=7000 kg/m3.) 

This analysis clearly shows that particles of ionic or covalent bond with micro- or nano sizes cannot 
be inserted into steel melt, that is dispersion by them is not possible. Although insertion of ceramic 
particles of metallic bond into steel melt is possible, but e.g. full dissolution of carbide particles 
exists. When dispersing nano- or micro-sized ceramic particles by the one-step method, we face 
also some technical difficulty, according to which the powder dosing equipment is capable of dos-
ing of so-called fluidic powder that has a size of 40-80 µm and – if possible – spherical form. These 
statements are consistently valid even if during a method that is based on in situ reaction we would 
like to insert non-metallic reactive components in compound form.  

Another possibility for composite production is the method based on in situ reaction, basic principle 
of which is that the reinforcing ceramic phase is created as a result of an exchange reaction. Its in-
sertion into the initial metal liquid gives no trouble, while insertion of particles that carry non-
metallic components are regulated by the same principles I determined already during analysis of 
the dispersing process. This statement is confirmed by the fact that most of experiments that are 
based on in situ method, concern carbides.   

metal ion covalent 



6 

 

3. Objectives 

I conceived and assigned the aim of my PhD thesis in accordance with the theme outline con-
firmed by Vocational Habilitation Committee and Doctoral Council of Faculty of Mechanical Engi-
neering, based on evaluation of literature results and my previous experiments in laser beam tech-
nics and technology I had also the target in view to work out a method, which is applicable from 
practical point of view, too. I conceived my aim in two topics that at the first approach slightly seg-
regate from each other, but regarding their essence they are interconnected on numerous threads.  

1. In its first part I targeted theoretical and experimental elucidation of questions connected 
with production of composite layers reinforced by oxide (corundum) particles. I analysed 
whether the so-called thermite reaction – that takes place on surface of unalloyed steel be-
tween ferric oxide and aluminium – is suitable for production of surface composite layers re-
inforced by nano- or micrometre-sized corundum particles; wear resistance of this layer is 
favourable already from practical point of view, too. I chose to study this reaction because 
of the evolving corundum particles that - after diamond that occurs in the nature - are the 
hardest, and the corundum particles in steels are originated also in the usual technologic 
process of steel production, as corundum inclusions are always present in steels attenuated 
by aluminium, too. This selection was justified by the fact that “by-product” of thermite re-
action is iron, which does not change the content of the matrix substantially. A composite 
layer that – according to our preliminary assumption – evolves as a result of a thermite reac-
tion can be suitable for production of wear resistant surfaces.  

2. In the second period of experimental work – partly based on experiences of composite pro-
duction experiment according to the first paragraph – I created ceramic particles that rein-
force the steel matrix by ferritic nitrocarburizing of the surface layer alloyed by niobium. 
Studying of the novel method has several reasons. According to my experience of more than 
one decade, surface alloying by laser beam has no special difficulties, it can be performed 
with high safety and well controllability. Nitriding and ferritic nitrocarburizing can be per-
formed at relatively low temperature, without considerable distortion of the part to be treated 
and without significant change of the texture, and the result is determined only by the con-
tent of the object to be treated and by the parameters of nitriding. This method can be appli-
cable for establishment of ferritic nitrocarburized layers even on non-nitridable steels, or for 
regeneration of worn surfaces of objects that were originally nitridable, because alloying 
with niobium will improve ability to ferritic nitrocarburize as well, and it will substitute ma-
terial removed by wear. This method offers promising options for local modification of sur-
faces of parts of machine (vehicle) industry according to a specified target.  

  



7 

 

4. Experimental materials, technical background and testing methods 

Materials used in the experiments 

During selection of raw materials used in the experiments I tried to prove that performance of 
physical-metallurgic phenomena takes place not only in case of a special raw material combination. 
I made the experiments on unalloyed or on alloyed steels with low carbon content. The raw materi-
als used are characterised by the data shown in Table 1. 

Table 1: Chemical composition of experimental materials 
 

Experiment type Marking C % Mn % Si % Cr % 

1. Grounding experiments C45E 0,42-0,50 0,50-0,80 0,40 0,40 

2.1.a Fe- Al-Fe2O3/Al2O3 S235JR 0,14-0,22 0,30-0,65 0,30 - 

2.1.b Fe- Al-MnO2/Al2O3  S235JR 0,14-0,22 0,30-0,65 0,30 - 

2.1.c Fe- Al-O2/Al2O3 16MnCr5 0,14-0,19 1,00-1,31 max. 0,40 0,80-1,10 

2.2.a Fe-Nb-C,N/Nb(C,N)  S355MC 0,06 0,68 0,008 0,09 

2.2.b Fe-Nb-C,N/Nb(C,N)  S235J max. 0,17 max. 1,4 - - 

2.2.c Fe-Nb-C,N/Nb(C,N)  16MnCr5 0,14-0,19 1,00-1,31 max. 0,40 0,80-1,10 

S, P content: between limits included in the standard that concerns the given steel. 

 

I summarised typical data of powders used in the experiments in Table 2. 

Table 2: Characterization of powders used in the experiments: 

Type of particles Content 

[m/m%] 

Particle 
size 

D [µm] 

Particle form 

Al  99 45-75 spherical 

Fe2O3  FeO=0,4-2,33, Fe2O3=95,69-98,59,  63-125 cracked 

MnO2 99,9 40-60 spherical 

Nb 99,9 45-75 spherical 

ferro-Nb  68Nb, 32Fe  45-75 cracked 

Wire dosage Content [m/m%] Diameter [mm] 

AlSi12 12Si, 88Al 1 
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Technical background of the experiments 

Laser beam sources: 

During my experiments I used the below laser equipment: 

1. 5 kW power, TRUMPF TLC 105 brand five-axis CO2 laser 
equipment equipped with flying optics, the power of which can 
be regulated is 1% steps from 50 W up to 5000 W. Its operating 
condition can be continuous or pulsed in the frequency range ex-
tending from 100 Hz to 100 kHz.  

 

2. 2.7 kW power, Rofin-Sinar DY 027 brand, diode-pumped 
Nd:YAG laser equipment. Its wavelength: 1064 nm. Power of la-
ser beam can be changed between 200 W – 2700 W, its operating 
condition can be continuous or pulsed in the frequency range ex-
tending from 0 Hz to 250 Hz.  

 Powder and wire feed device:  

I implemented powder feed by a Sulzer Metco brand, Twin 10 type device. During laser 
beam treatments, alloying material can be inserted into the melt pool in form of wire, too. For this 
purpose I used a Fronious brand, KD 7000 type wire feed device. 

Applied test methods 

Metallography tests: 

Preparation of my experimental samples: for texture test of created surface layers I cut the 
specimens perpendicularly to the melted tracks by a water-cooled cutting disc, then after embedding 
into artificial resin I sanded according to standard, then I polished by diamond paste. For texture 
structure tests I have the grindings etched by 3% NITAL (HNO3 3% alcoholic solution).  I deter-
mined inclusion content of samples by image analysis software. 

Scanning electron microscopy tests 

I performed chemical analysis of my experimental samples by energy dispersive X-ray ana-
lyser (EDS/EDX/EDAX), which is suitable for detection of low atomic number elements, or for 
determining the percentage by weight of each element within certain limits. When testing my sam-
ples, I applied 12 and 18 kV accelerating voltage, in which cases the excited volume is 0.5 – 0.6 or 
1.0 – 1.5 µm3. 

Transmission electron microscopy (TEM) tests 

During testing my experimental samples, of the two TEM test methods I used carbon extraction 
replica method.  

 

  2,7 kW Nd:YAG laser 

  5 kW CO2 laser 
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X-ray diffraction tests 

From the nature of my samples it results that of X-ray diffraction methods I used only the 
phase analysis method, which serves for quality and quantity determination of crystal phases of 
powder character or that are present in bulk sample based on position and intensity of diffraction 
line series. I took into account typical d value series of individual crystal phases by the ASTM data 
base. 

Determination of oxygen content of samples 

LECO TC 435 (carbon dioxide IR absorption): 

For oxygen determination, from the treated layer of my experimental samples I created sam-
ples of 0.5 g – 1.0 g in mass that have chip form. Oxygen included in the sample releases and exits 
upon heating. Oxygen outgoing from the sample with graphite material of the crucible builds car-
bon monoxide, which is converted to carbon dioxide by passing through a hot copper catalyst. Gas 
mixture is fed into a measuring cell, wherein the infrared light emitted there is absorbed by the car-
bon dioxide. Extent of absorbance is proportional to carbon dioxide concentration, i.e. with the ox-
ygen in the sample.  

GD(OE)S: Glow discharge optical emission spectrometry: 

 I placed my experimental samples into a vacuum chamber, which is filled with low-pressure 
inert gas, in most cases, argon. As a result of Glimm-discharge, from the surface of the sample, at-
oms are atomized into the discharge area (cold) plasma, where they are excited and emit light. The 
light radiation has atomic spectral character that is relatively poor in lines, and in the wide concen-
tration range, relationship between concentration and intensity is linear. The resulting light is led 
through the tubular anode onto the grid of an optical emission spectrometer, wherein resolution of 
the light beam according to wavelength and its mapping to the direction of detectors placed along 
an arc are performed.  Using the built-in detectors, measurement of intensity of light emitted by 
each element is performed, and then from this, using international standards, calculation of concen-
tration takes place.  

Rotating ball wear test 

For my experiments I used a special equipment of new type that was created basically for 
testing of local wear processes; it is a modified, improved version of the so-called ball tribometer 
used for micro crater wear tests. I performed the tests on cylindrical specimens of 15 mm diameter 
and 5 mm thickness, its front surface was treated.   
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5. Summary of the results 

Basic aim of my PhD thesis was to create a surface composite layer reinforced by ceramic par-
ticles falling into nano- or micrometre range as a result of in situ reaction using laser beam technol-
ogy. I examined forming of ceramic particles in three condition systems.  In the first case, I inserted 
metallic and non-metallic components that participate in the in situ reaction in form of particles 
injected into the pool melted by laser beam. In the second case, the melt pool containing the metal-
lic reactive component took up the non-metallic reactive component from a compressed air atmos-
phere, while in the third case the non-metallic reactive component was taken up not by the material 
of the pool melted by laser beam, but by the solid solution that was preliminarily created by laser 
beam surface alloying. Therefore in all three methods, laser beam technics plays a decisive role. 
Reinforcing particles of disperse distribution, of ceramic type are formed as a result of an in situ 
reaction, in melt or solid solution phase.  

I. LMI experiments made with Al+Fe2O3 powder mixture of 2:1 molecular ratio: based on 
analysis of the results, I worked out a model for mechanism of the process performance, in 
which during grounding experiments I took into account also the results concerning possible 
product phases of the thermite reaction. I divided the one-step process – performed during ex-
periments with Al+Fe2O3 powder mixture – into 3 sections. I emphasize that there is a continu-
ous transition between these sections, and the process is performed always in changing places, 
time-shifted, but according to the same mechanism. Brief description of individual sections is 
as follows: 

1. section: steel melt pool is at least 1600C, in which Al particles are quickly dissolved, Fe2O3 
particles constitute island-like slag drops. Melted Fe2O3 particles in metallurgic sense effect 
freshening on melt of aluminium content, starting the forming of corundum particles in the 
melt. 

2. section: The slag consisting of Fe2O3 particles forms a continuous layer, which prevents inser-
tion of Al particles into the particle melt, thereby in the slag partly or fully the thermite reac-
tion is performed. As a result of the thermite reaction, corundum and FeAl2O4 phases are 
formed. Iron drops unite with material of melt, increasing its mass.  

3. section: viscosity of slag increases, iron drops cannot reach the surface of steel melt, Al and 
Fe2O3 particles enter into reaction with the material of the slag layer, increasing its thickness. 
Figure 2 shows the sketch that illustrates the third section.  
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Fig. 2: The schematic picture for illustrating the condition that stabilised during Al+Fe2O3 of       

2:1 mole ratio LMI treatment  

For the mass increase mkomp measured during forming of the model concerning the LMI process and 
forming of the surface composite layer I found that the mass increase mkomp is caused not only by 
product phases of thermite reaction performed in the melt, but also by the mass of iron drops that 
join to melt material and are formed during the thermite reaction that takes place – at least partly – 
in the slag that covers the melt pool.  

From the model concerning the LMI process it results also that the melt of Al content takes up oxy-
gen required for forming of corundum particles not from Fe2O3 that enters the melt, but from the 
slag of high oxygen activity that is formed on the surface of the melt.  

The model serves for explanation also for a much less quantity of max. 1,0-1,6 v/v% of the about 10 
v/v% Al2O3 content that theoretically corresponds to a composite layer produced by LMI technolo-
gy, because only a part of Al particles that reach the surface of the melt pool enters the melt pool 
(see 1. section, or Figure 3: microanalysis of the matrix, point 3). Therefore this means that quantity 
of formed corundum is limited also by quantity of the directly leaching Al. SEM photo of higher 
magnification and microanalysis data of some typical inclusions that occur in that are shown on Fig. 
3. Analysis of the particle marked with point 1 with good approximation gives Al2O3 content. Point 
3 shows the content of the matrix, where it is obvious that Al content of the matrix is below 1 atom 
%.  

 

Atom%  O Al Cr Fe 
1 49,04 34,58 0,14 16,24 
2 10,69 16,50 0,31 72,50 
3 0,00 0,73 0,24 99,03 

 

Fig. 3: SEM photo made of cross section of the sample marked 1AlFe4,4 and microanalysis results 
corresponding to the marked points 
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In a composite layer produced by LMI technology, in case of excess oxygen beside Al2O3 particles 
also spinel type (FeAl2O4) particles are formed as a result of a temporary/intermediate reaction. 
This possibility was demonstrated also by results of the grounding experiments, because I could 
show a spinel phase between the solid iron ball and the wall of the bore, as well as on the top of the 
bore (Fig. 4).  

 

Fig. 4: X-ray diffractograms of an iron ball containing Al2O3 particles that were formed as 
a result of the thermite reaction at the bottom of the slag evolved in the 10 mm bore and 6 

mm bore  

Because of small, 1-2 µm size of ceramic particles formed in a composite layer, it could not be to 
determine with certainty by microanalysis whether the individual particles are corundum or spinel 
particles.  

II. Laser beam composite production experiments made by application of Al + compressed 
air: most important result of experiments is that according to conclusions made from Fe-Al-O 
phase diagram analyses, matrix of the created composite layer is constituted by a texture con-
sisting of intermetallic phases of high Al content.  

Although at the first and second technologic aspect the experimental conditions were different, vol-
ume ratio and size distribution of the forming corundum phase was nearly equal. The Al and the 
inclusions content of the composite layers are shown on Fig. 5.  

 
 

Fig. 5: The Al and the inclusions content of the composite layers in 0,5 mm deep  
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My experiments directed to production of a composite layer reinforced by corundum particles high-
lighted critical points of LMI technology. To overcome these difficulties, I worked out a method 
based on in situ reaction for production of surface composite layers that uses also laser beam tech-
nology, which basically represents the “buttom up” technology that is well known from nanotech-
nology.  

III. The complex method that is based on the new concept consists of laser beam alloying of 
steel surface by Nb and gas c ferritic nitrocarburizing of the so treated part. The rein-
forcing ceramic particles are formed as a result of a reaction that takes place between the Nb 
atoms as well as the nitrogen and carbon atoms that enter by way of diffusion.  

Laser beam surface alloying treated by ferro Nb results in about 1200-1500µm thick uniform alloy-
ing. Thickness of the layer alloyed by Nb exceeds the thickness of compound and diffusion zone of 
the ferritic nitrocarburized layer that is formed in gas, in ferrite condition, which is valid both for 
the nitridable (16MnCr5) and non-nitridable (S235J) steel (Fig.6).  

 
a) 

 

 
 

c) 

 
b)  

 
 
 
 

d) 
 
 
 

Fig. 6: Optical micrographs of a) 2N10 and b) 2S10 samples (etching: Nital 2%) c) chemical 
composition of the 2N10 sample d) chemical composition of the 2S10 sample 
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Advantage of laser beam alloying by Nb is clearly demonstrated by the fact that in diffusion zone of 
ferritic nitrocarburized layer of nitridable steel not Cr(C, N) but Nb(C, N) particles were formed. 
This is in accordance with data concerning forming free enthalpy of the mentioned phases. 

6. Directions for Future Research 

As I mentioned during evaluation of literature shown in the 2. chapter, small-size (nano- or 
micrometer size) ionic or covalent bond particles can be inserted into the melt only if we provide 
ideal wetting conditions. To resolve this, I made experiments even by two methods as future re-
search direction [Török, 2013]. Their common feature is that on the surface of oxide particles of 
poor wetting properties we produce a metal-bound layer. One option can be coating of the particles 
by “electroless” method, while the other – partial reduction of particles. During my preliminary 
experiments I carried out experiments with both methods, which have provided positive results. 
Photos made of Fe2O3 and Al2O3  particles coated by nickel using the “electroless” method and of 
Fe2O3 particles that were partially reduced in the H2 atmosphere are shown on Fig. 7 and 8. 

 
a) 

 
b) 

Fig. 7: Nickel coated optical micrographs of Fe2O3 particles, in the upper right corner a higher 
magnification view is marked with particle size of the coating (from 3.7 to 7.7 mm), b) nickel-coated 

Al2O3 particles by light microscopy, in the upper right corner a higher magnification view is 
marked with particle size of the coating (1.3-2.0 mm) 

 

 

 Fe [m/m%] O [m/m%] 
1 88,82 9,18 
2 96,59 2,25 

 

Fig. 8: SEM photo of Fe2O3 particles partially reduced in H2 atmosphere and the analysis of points 
1 and 2 inside the particle and in its external crust 
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7. Theses 

 

 

1. thesis 

Starting from measurement data mkomp concerning mass increase that accompanies creation of a 
composite layer, and by observing the value of about 1 % of volume ratio for an Al2O3 reinforcing 
phase I proved that mass increase mkomp of a composite layer created during laser beam injection of 
an Al+Fe2O3 powder mix at a molecular ratio of 2:1 on a C-Mn-steel surface is caused not only by 
product phases of the thermite reaction performed in the melt, but also by the mass of iron drops 
evolving during thermite reaction taking place – at least partly – in the slag covering the melt and 
uniting with the material of the melt.  

[Janó 2005], [Janó, 2006/7], [Janó, 2007],  

 

 

2. thesis 

Based on measurement data concerning volume ratio of Al2O3 particles of the composite layer and 
O-content of the same layer I proved that the melt takes up the oxygen required for evolvement of 
Al2O3 particles not during the reaction performed between the Fe2O3 particles entering the melt and 
the melt, but in the transport process performed between the melt and the slag, its driving force is 
provided by the big difference in oxygen activities of steel melt and slag phase. Possibility for reac-
tion between the melt and the slag is provided by the melting point of Fe2O3, which is less at least 
by 100C than that of steel melt. 

[Janó 2005], [Janó, 2006/7], [Janó, 2007], 

 

 

3. thesis 

Experimentally I proved that during LMI experiments made with an Al+Fe2O3 powder mix of 2:1 
molecular ratio, matrix of the composite layer created on C-Mn-steel surface is Fe, and the reinforc-
ing phase is Al2O3. From the Fe-O-Al three-component balance phase diagram it follows that in 
case of excess O, also appearance of a spinel-type (Fe2AlO4) reinforcing phase is expected, for 
which I conclude from results of borehole tests. 

[Janó 2005], [Janó, 2006/7], [Janó, 2007], [Janó, 2013]  
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4. thesis 

I proved experimentally that – according to conclusions that can be deducted from the Fe-O-Al 
three-components balance phase diagram – during surface alloying performed by laser beam AlSi in 
the compressed air atmosphere that provides high Al excess, a composite layer reinforced by Al2O3 
particles is created, matrix of which is constituted by intermetallic phases.  

[Janó, 2006/2], [Janó, 2007],  

 

 

5. thesis 

I experimentally proved that the surface of steels that cannot be nitrided by a complex procedure 
consisting of surface alloying made by ferro Nb and gas ferritic nitricarburizing can be made locally 
nitridable. I showed that depth extension of the alloyed layer that contains about 3% Nb is bigger 
than that of the nitrided crust consisting of the compound layer and diffusion zone, thus the zone 
alloyed with Nb and having greater hardness than the base material serves as supporting for the fer-
ritic nitricarburized layer.  

[Janó 2012], [Janó 2013/10] 

 

 

6. thesis 
Based on energy-dispersive microanalysis results I experimentally proved that fall-outs of max. 
200-300 nm size that are present in diffusion zone of the crust formed during laser beam surface 
alloying performed by ferro Nb on steel of type 16MnCr5 and gas ferritic nitricarburizing – accord-
ing to forming free enthalpy values for Nb(C, N) and CrN – are considered as Nb(C, N).  

[Janó 2012], [Janó 2013/10] 
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