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Purpose: In this work are presented the performed investigation for the reason to determine the laser treatment
parameters, for example the laser power to achieve a high value of layer hardness for protection of this hot work
tool steel from losing their work stability and to make the tool surface more resistant for work. The purpose of
this work was also to determine technological conditions for remelting the surface layer with HPDL.
Design/methodology/approach: The research way results of new laser treatment methodology applied in
metal surface technology are presented and discussed. There is presented laser treatment with remelting of
hot work tool steel 32CrMoV12-28 with ceramic powders especially titanium carbide - TiC, as well as results
of laser remelting influence on structure and properties of the surface of the hot work steel, carried out using
the high power diode laser (HPDL). Special attention was devoted to monitoring of the layer morphology of
the investigated material and on the particle occurred. Optical and scanning electron microscopy was used to
characterize the microstructure and intermetallic phases occurred.

Findings: A surface layer was comming into existence without cracks and defects as well as has a considerably
higher hardness value compared to the non remelted material. The hardness value increases according to the
laser power used so that the highest power applied gives to highest hardness value in the remelted layer.
Research limitations/implications: Four laser powers were choused and implicated by one process speed rate.
Also one powder in form of TiC was used for alloying with the particle size of 10pm.

Practical implications: The investigation helps to use the laser treatment technique for alloying of hot work
tool steel with different ceramic particles.

Originality/value: The scientific reason of this work is the applying of High Power Diode Laser (HPDL) for
improvement of steel mechanical properties, especially the surface.
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1. Introduction (HPDL) (Fig. 1.). The goal of this work is to determine the laser
parameters and as well the investigation of the surface layer

The remelting of hot work tool steel with TiC titanium properties including the remelting zone and the heat influence
carbide powder was performed using the high power diode laser zone. Standard metallographic investigation using light and
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electron microscope was performed. Also X-ray diffraction
method was performed as well as hardness measurement and
microanalysis, for the chemical composition investigation.

Welding of hot work tool steel for die forging and die blocks
are typical examples of applications in which diode laser has
technological as well as economical advantages over the
conventional laser and welding techniques. The welding of these
products requires good control over the heat input, short
throughput time and low investment. The weld cross-section of a
diode laser weld is, because of conduction limited welding
process, more suitable for these applications than the keyhole
welding. Hardening of a large gear wheel presents also a good
example of an application in which the diode laser makes it
possible to economically produce structures that have not earlier
been possible. Hardening requires a special form of heat delivery
in order to ensure evenly hardened zone and acceptable quality.
The application was performed with two high power diode lasers.
The case studies of these four applications are presented and
discussed in details in this paper [1-11].
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Fig. 1. HPDL laser RofinDL 020

The laser treatment as a part of the new generation techniques
applied in metal surface technology is discussed in this paper.
Laser treatment is presented with remelting of hot work tool steel
32CrMoV12-28 with ceramic powders, especially TiC titanium
carbide (Fig. 2.). The structure investigation and improvement of
mechanical properties is the practical aim of this work, as well as
improvement of hardness as a very important property for
practical use. Titanium carbide is a tool material sometimes used
in metal machining because of its high hardness and high
resistance to softening at high cutting speed and at high cutting
temperature. Tool life is an important parameter to be considered
in tool selection since it will affect tool change scheduling,
production planning and unit production cost [12 - 25].

Table 1.
Chemical composition of the investigated hot work tool steel
32CrMoV12-28

Mass concentration of the elements, %

S C Si Mn P
e %’ & 0.308 0.25 0.37 0.02
2 O o S Cr Mo A%

« 0.002 2.95 2.70 0.535
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This study was conducted to investigate the influence of TiC
powder addition and the solidification rate on structure and
properties in the laser melted metal surface of the hot work tool
steel 32CrMoV12-28. On the other hand, the solidification mode
in the weld metal was changed from the primary ferrite to the
primary austenite, as the solidification rate was raised.

2. Experimental conditions

2.1. Material used for investigation

The material used for investigation was a hot work tool steel;
it has been supplied annealed in form of rods 76 mm in diameter
and in the length of 3 m. Samples of this material were of the
plate form, of the rectangular shape, with dimensions 70 x 25 x 5
mm. The chemical composition of the investigated steel is
presented in Table 1.

2.2.Steel heat treatment

The samples were heat treated according to the steps for this
steel type. Austenisation was performed in a vacuum furnace at a
temperature of 1040 °C, the heating time was 0.5h. During the
heating to the austenitic temperature two isothermal holds were
applied. The first one at the temperature of 585 °C, the second at
850 °C. After tempering two annealing operations were performed
for the time of 2 h, the first at 550 °C and the second at 510 °C.
Titanium carbide powder was put to the so prepared samples. A
paste layer of 0.5 mm in thickness was put on. The properties of
titanium carbide powder are presented in Table 3.

Fig. 2. TiC powder, SEM

Based on the preliminary investigations of a high power laser
diode HPDL Rofin DL 020 the process rate was v = 0.5 m/min.
All other work parameters are presented in Table 2. To ensure
good work parameters the investigations were carried out at a
constant remelting process rate, changing the laser power in a
range of 1.2 — 2.3 kW. For laser power values of 0.4 to 0.8 kW
there are no remelted areas present at all. On each sample surface
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four laser process trays were made of a length of 25 mm, with the
power 1,2; 1,6;2,0; 2,3 kW.

Structure investigation was performed using the light
microscope Leica MEF4A supplied by Zeiss in a magnification
range of 50 - 500x. The micrographs of the microstructures were
made by means of the KS 300 program using both the digital
camera. The observations were performed on the cross section of
the sample on each of the remelting trays. Metallographic
investigations were performed also using the scanning electron
microscope DSM 940 supplied by OPTON in a magnification
range of 500 - 2000x.

Table 2.
HPDL laser parameters
Parameter Value
Laser wave length, nm 940 £ 5
Peak power, W 100 = 2300
Focus length of the laser beam, mm 82 /32
Power density range of the laser beam in 08365
the focus plane [kW/cm?]
Dimensions of the laser beam focus, mm 1.8x6.8

Also temperature measurement was carried on during the
remelting process, the exact temperature changes are showed in
Figure 12. It can be recognized, that the temperature is constant
during the whole process. At the beginning of the process an
increase of the temperature can be observed, followed by an
decrease to ca. 2000 - 2500° C.

Table 3.
Properties of tantalum carbide powder TiC
Powder Grain Size, Melting temp. Density
um °C g/em’
TiC 5 3140 4,259

The hot work tool steel has a ferritic structure with homogeny
distributed carbides in the metal matrix in the annealed state. The
required hardenability for this tool steel was achieving after a
suitable tempering time, which assures melting of the alloying
carbides in the austenite. In areas, which are between the solid and
molten state dendritic structure with large dendrites can be found.

3. Results and discussion

The structural investigations carried out using the high power
diode laser allows to compare the surface layer as well as the
shape and depth of the remelting area. The layers achieving by the
alloying process are showed on Figure 6. The results allows to
state that with the increasing laser power the roughness of the
remelted metal surface increases.
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Fig. 3. Structure of the surface layer after remelting with TiC
powder using 2.3 kW laser power

Fig. 4. Structure of the surface layer after remelting with TiC
powder using 2.3 kW laser power

Fig. 5. Structure of the surface layer after remelting with TiC
powder using 1.2 kW laser power

By mind of the performed investigation using the HPDL laser
it could be state the changes in the remelted area depth and its
structure. It was noticed that the depth of remelting area grows
together with the increasing laser power, which was confirmed by
the results presented on Figure 7. It can be hold a clear effect of
the laser power respectively 1.2; 1.6; 2.0 and 2.3 kW on the shape
and thickness of the remelted material.
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Fig.6. Shape of the laser tray of the 32CrMoV12-28 steel Fig.7. Shape and thickness of cross-section of the laser
remelted with TiC powder a) laser power 1.2 kW, remelted samples a) TiC laser by power of 1.2 kW,
b) 1.6 kW, ¢) 2.0 kW, d) 2.3kW b) TiC 2.0 kW, c¢) TiC 2.3 kW
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Fig. 10. EDS point-wise microanalysis, performed in the point
marked on Figure 9

Fig. 8. Structure of the surface layer after remelting with
TiC powder using 1.2 kW laser power

It can be seen that with the increasing laser power the
roughness of the remelted metal surface increases. Preliminary
investigations of the remelted hot work tool steel 32CrMoV12-28
show a clear effect of the laser power respectively 1,2; 1,6; 2,0
and 2,3 kW on the shape and thickness of the remelted material.
Microstructure presented on Figures 3, 4, 5 and 8 shows a
dendritic structure in the remelted area and also the TiC particles
in the steel matrix. There is also a clear relationship between the
employed laser power and the dendrite size, namely with
increasing laser power the dendrites are larger.

The EDS point analysis, shows on Figures 9, 10 and 11 the
chemical composition of the alloyed area, there are no big TiC
particles present so in case of TiC powder the titanium are mostly
dissolved in the steel matrix.

Fig. 11. EDS surface microanalysis of the area presented on
Figure 9

In the steel matrix after tempering martensitic structure is
achieved, in the martensite are dissolved the alloyed additives,
Fig. 9. Structure of the surface layer after remelting with TiC which is confirmed by the X-ray analysis, which is presented on
powder using 1.6 kW laser power Figures 17 and 18, this investigation is also performed for each
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laser power used. For the TiC alloyed steel only small titanium
carbide picks are present, Figure 19.
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Fig. 12. Temperature change in the sample during the alloying
process with 2.3 kW laser power with TiC powder

One can be state that in case of TiC powder the difference of
the remelted area thickness among the power of 1.2 kW and 2.3
kW is about 50 % larger for the 2.3 kW power. Figures 13 to 16
shows the microhardness measurements results of the remelted
surface for 1.2, 1.6, 2.0 and 2.3 kW laser power. Were can be seen
that the hardness of the remelted zone is smaller the the
microhardenssvalue of the non remelted area.

On Figure 19 there are presented the results of hardness
measurements of the alloyed surface layer. There can be found
that the hardness value of the surface layer decreases together
with the laser power and has the smallest value by power 2,3 kW.
This results confirm also the microhardness investigation, where
the TiC alloyed zones have a smaller hardness values compared to
the steel matrix. It can be also seen that the hardness of the laser
alloyed samples with the laser power of 1,2 kW and 1,6 kW is
comparable with the value achieved after a conventional heat
treatment of this hot work tool steel.
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Fig. 13. Microhardness change of the surface layer of the
32CrMoV12-28 steel after laser alloying with titanium carbide
TiC, laser power 1.2 kW
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Fig. 14. Microhardness change of the surface layer of the
32CrMoV12-28 steel after laser alloying with titanium carbide
TiC, laser power 1.6 kW
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Fig. 15. Microhardness change of the surface layer of the
32CrMoV12-28 steel after laser alloying with titanium carbide
TiC, laser power 2.0 kW
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Fig. 16. Microhardness change of the surface layer of the
32CrMoV12-28 steel after laser alloying with titanium carbide
TiC, laser power 2.3 kW
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Fig. 17. X - ray diffraction of the Ti alloyed sample, using 1.2;
1.6; 2.0 and 2.3 kW laser power
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Fig. 18. X - ray diffraction of the remelted sample, using 1.2;
1.6; 2.0 and 2.3 kW laser power
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Fig. 19. Hardness of the surface layer of the alloyed steel
remelted with TiC powder using HPDL laser
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4.Conclusions

On the basis of the performed investigations can be hold, that
the hot work steel 32CrMoV12-28 alloyed with TiC powder has
achieved a high-quality top layer. The layer is without cracks and
defects and has a higher hardness compared to the non remelted
material. The hardness value increases together with the laser
power used so that the highest power applied gives the highest
hardness value in the remelted layer. With increasing the laser
power the depth of remelting material is growing as well. With
increasing laser power the surface of the remelted area is more
regular, smooth and flat Also the occurance of the titanium
carbide TiC particles could be confirmed. The metallographic
investigations on scanning and light microscope reveal a dendritic
structure which is present in the heat influence zone in samples
alloyed with every applied laser power. In can be stat that the
dendrite size increases with the increased laser power. The
investigation have also revealed different zones in the surface
laeyr, the remelted zone, the heat influence zone, and the steel
matrix as the non affected zone. It can be summrize that this
technique is a grat metho for modelling of tools ofhot work tool
steel surface layer, which can be deeple recognized in following
studys and investigations.
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