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EFFECT OF LASER MODIFICATION ON STRUCTURE AND SELECTED PROPERTIES
OF TOOL STEEL

Summary

The paper presents test results of boronized VANADIS 6 steel after laser surface modification. Influence of laser heat treat-
ment on the microstructure, microhardness and cohesion of surface layer was investigated. Diffusion boronizing treatment
was used in the powder method at the temperature of 900°C for 5 h .The laser heat treatment was carried out with techno-
logical CO; laser. Laser modification of the boronized layer was carried out with laser power of P = 1.04 kW and at laser
beam scanning velocity v: 2.88 mamin, 4.48 mamin? and laser beam d = 2 mm. After boronizing the microstructure of
surface layer had a needle-like iron boride structure. After laser heat treatment, which consisted of remelting a boronized
layer, a new layer was obtained which included: remelted zone, heat affected zone and a substrate, with a mild microhard-
ness gradient from the surface to the substrate. The microhardness measured along the axis of track after laser heat treat-
ment of the boronized layer was about 1600 - 1400 HVO,1. As a result of the influence of laser beam, the newly created lay-
er was characterized by better properties in comparison to boronized layers.

Key words: tool steel, diffusion boronizing, laser remelting

WPLYW LASEROWEJ MODYFIKACJI NA STRUKTURE I WYBRANE WEASCIWOSCI
STALI NARZEDZIOWEJ

Streszczenie

W pracy przedstawiono wyniki badan borowanej stali VANADIS 6 po modyfikacji laserowej. Badano wplyw laserowej ob-
robki cieplnej na mikrostrukture, mikrotwardosé i kohezje wytworzonej warstwy. Borowanie dyfuzyjne prowadzono metodg
proszkowg w temperaturze 900°C przez 5 h. Laserowa obrébka cieplna byla wykonana przy uzyciu lasera CO,. Laserowq
modyfikacje warstwy borowanej przeprowadzono przy uzyciu mocy lasera P = 1,04 kW i predkosci skanowania wigzkq la-
serowg v: 2,88 mamint, 4,48 mamin-, srednicy wigzki lasera d = 2 mm. Po borowaniu struktura warstwy wierzchniej mia-
ta iglastq strukture borkow zelaza. Po laserowej obrobce cieplnej z przetopieniem otrzymano nowq warstwe skladajgcq sie
z: strefy przetopionej, strefy wplywu ciepta i rdzenia o lagodnym gradiencie mikrotwardosci od powierzchni do rdzenia. Mi-
krotwardos¢ w osi Sciezki warstwy wierzchniej laserowo obrobionej cieplnie wynosita 1600-1400 HVO0,1. W wyniku oddzia-
tywania wigzki lasera otrzymana warstwa charakteryzowala sie dobrymi wlasciwosciami w stosunku do warstw borowanej.
Stowa kluczowe: stal narzedziowa, borowanie dyfuzyjne, laserowe przetapianie

Laser heat treatment [10] is one method to prevent this.
This process in recent times has become very popular and it
occupies a prominent place in a list of methods of shaping
machine elements and tool surfaces. As a result of the in-
fluence of a laser beam the materials are melt and newly
created tracks are formed as a result of intensive mixing in
the melting pool, which is due to convection and gravitation
movements. Laser heat treatment consists of: laser harden-
ing [5, 6, 9, 14], laser remelting [4, 6, 10], laser alloying

1. Introduction

Boronizing is a thermochemical process where a surface
layer of material is saturated with boron [12]. The process
is applicable to any ferrous material [3, 10-12] as well as to
alloys of Ni [15], W [16] or Cr [16], where a boronized lay-
er can be produced in three different media: solid, liquid or
gaseous. In the case of steel it is carried out at temperatures
between 700°C and 1100°C for up to 8 h creating iron bo-
rides (FeB and Fe;B), which have a needle-like structure

and hardness up to 2000 HV [12]. Boronizing process im-
proves wear resistance, corrosion resistance and oxidation
resistance. The main disadvantage of boronized layers con-
sists in their brittleness, especially the surface layers where
FeB phase is present. As a result of boronizing of tool steel
the needle-like structure is smooth and compact.

Tool steels are a widely used group of tool materials be-
cause they have very good functional properties. A typical
process of improving selected properties (wear resistance,
hardness) of tools made of tool steel is conventional heat
treatment.

After this treatment process (which consists of quench-
ing and tempering) a significant growth of hardness of the
material occurs in the material, but it is connected with a
decrease in its plasticity [12].
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[1,2,6-8, 11, 13].

The paper presents the investigation results of the influ-
ence of laser remelting of boronized layer on powder tool
steel surface, using a CO; laser.

2. Research methodology

VANADIS 6 [17] ledeburitic steel produced by powder
metallurgy of rapidly solidified particles was the investigat-
ed material. Its chemical composition is given in Table 1.

VANADIS steel is a material which is chosen mainly
because rapid solidification technique is used for its pro-
duction, which enables us to eliminate problems with mac-
ro-segregation that can negatively influence experimental
results; additionally, powder tool steel has a high degree of
purity without inclusions like oxides or sulphides.
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The specimens used for the study had the following di-
mensions: diameter 20 mm and height 4 mm.

Table 1. Chemical composition of VANADIS 6 steel
[% wi]
Tab. 1. Skiad chemiczny stali VANADIS 6 [% wg]

C Si Mn Cr Mo \Y Fe
2.09 0.98 0.38 6.64 1.48 5.45 | balance
Source: Own work / Zrédlo: opracowanie wlasne

Diffusion boronizing was performed at 900°C for 5h
using powder method in Ekabor mixture. Samples were bo-
ronized in cooperation with the Department of Heat and
Surface Treatment of Silesian University of Technology.
After boronizing the specimen was laser heat treated
(LHT).

Laser heat treatment was carried out using TRUMPF
TLF 2600 Turbo CO; laser of nominal power of 2.6 kW,
which is located in the Laboratory of Laser Technology at
the Department of Machining at Poznan University of
Technology. The parameters used in the experiment were:
laser beam power P = 1.04 kW, laser beam radiation densi-
ty g = 33.12 kW::cm-?, scanning laser beam velocity v: 2.88
m=min, 4.48 m=mint, laser beam diameter d = 2 mm.

Laser tracks were arranged as multiple tracks with dis-
tance f = 0.5 mm, where f was distance between axes of ad-
jacent tracks. Laser heat treatment was carried out in multi-
tracks, which facilitates application.

Cross-sectional samples were treated with abrasive pa-
pers, polished with Al,Os, and etched by 2% Nital reagent.
Microstructure observations were carried out on polished
and etched cross-sections of specimens using TESCAN
VEGA 5135 scanning electron microscope.

To determine microhardness profiles a ZWICK 3212 B
Vickers hardness tester was used, with the indentation load
of 100 G (HVO0,1). Adhesion tests of surface layers were
conducted in accordance with the standard VDI 3198,
which is a comparison of Rockwell indentations with scale
standards. A standard Rockwell tester as a destructive
quality test for examined layers was employed in this study,
and damage to the layers was compared to the adhesion
strength quality maps HF1-HF6 (Fig. 1) [18].

In general, the adhesion strength quality HF1-HF4 de-
fined sufficient adhesion, whereas HF5 and HF6 represent-
ed insufficient adhesion.
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Fig. 1. Scale models to test cohesion [18]
Rys. 1. Skala wzorcow do badania kohezji [18]
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3. Results and discussion

The microstructure of the sample after boronizing ob-
tained is shown in Figure 2. The boronized layer with a to-
tal thickness of about 50 um had a needle-like structure and
was closely bound to the substrate. It was composed of iron
borides: FeB, which was situated closer to surface, and
Fe,B, situated below it. Under the typical boronized layer a
diffusion zone enriched in boron was observed. The sub-
strate material consisted of pearlite matrix and fine globular
carbide particles. In the substrate of VANADIS steel two
types of carbides are present: MC and M-Cs [4].

AR Dy
DET: SE Detector
View field: 10897 um 50 um
SM: RESOLUTION

Source: Own work / Zrodlo: opracowanie wlasne

SEM MAG: 2.50
HV: 200 KV

Vega ©Tescan

Fig. 2. Microstructure of diffusion boronized
VANADIS 6 steel

Rys. 2. Mikrostruktura warstwy borowanej dyfuzyjnie na stali
VANADIS 6

layer on

Figures 3-6 present the laser tracks of boronized layer
after laser remelting. A new formed layer consisted of re-
melted zone (MZ), heat affected zone (HAZ) and substrate
(Fig. 3 and 5).

The microstructure in Figure 2 presents the laser tracks
with the following parameters: P = 1.04 kW and v = 4.48
mamint. The remelted zone of the laser tracks of boronized
layer had a thickness of approximately 100 um along the
axis of tracks (Fig. 3). In remelted zone the microstructure
was composed of boron-martensite eutectic with high car-
bon martensite, where the boron-martensite eutectic had
numerous branches (Fig. 4).

HV. 200kv View field

SM: RESOLUTION
Source: Own work / Zrédlo: opracowanie wlasne
Fig. 3. Microstructure of diffusion boronized layer after laser
heat treatment on VANADIS 6 steel; LHT: P: 1.04 kW; v: 4.48
msmint; laser tracks
Rys. 3. Mikrostruktura warstwy borowanej dyfuzyjnie po lase-
rowej obrobcee cieplnej na stali VANADIS 6 LOC: P: 1,04 kW;
V: 4,48 ma=mint; Sciezki laserowe

Vega ©Tescan
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View field: 5436 um 20 um
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Source: Own work / Zrédlo: opracowanie wilasne

HY: 200 kv Vega ©Tescan

Fig. 4. Microstructure of diffusion boronized layer after la-
ser heat treatment on VANADIS 6 steel; LHT: P: 1.04 kW,
V: 4.48 m=mint; remelted zone

Rys. 4. Mikrostruktura warstwy borowanej dyfuzyjnie po
laserowej obrobce cieplnej na stali VANADIS 6 LOC: P:
1,04 kW; v: 4,48 m=min?; strefa przetopiona

Microstructure in Figures 5 and 6 presents the laser
track with the following parameters: P = 1.04 kW and v =
2.88 mamint,

For those parameters, the laser tracks are deeper and
they have a thickness of approximately 200 um along the
axis of tracks (Fig. 5). In remelted zone the microstructure
is composed also of boron-martensite eutectic with high
carbon martensite, but the boron-martensite eutectic has a
flowers-like shape (Fig. 6).

In both cases heat affected zone had martensite structure
with carbide particels. The substrate was not treated and
was composed of pearlite and primary carbides.

Figure 7 presents the X-ray diffraction pattern of bo-
ronized layer before and after laser heat treatment of
VANADIS 6 steel. In diffusion boronized layers phases of
FeB, Fe,B iron borides were detected. After diffusion bo-
ronizing and laser heat treatment phases of Fe;B, FesB iron
borides and Cr23Cs, Cr;Cs carbides were detected in the re-
melted zone.

DET: SE Detector
View field: 75556 um 200 um
SM: RESOLUTION

Source: Own work / Zrédlo: opracowanie wiasne

SEM MAG: 360 x

HV: 200 kv Vega ©Tescan

Fig. 5. Microstructure of diffusion boronized layer after la-
ser heat treatment on VANADIS 6 steel; LHT: P: 1.04 kW;
v: 2.88 mamint; laser tracks

Rys. 5. Mikrostruktura warstwy borowanej dyfuzyjnie po
laserowej obrobce cieplnej na stali VANADIS 6 LOC: P:
1,04 kW; v: 2,88 ma=min; sciezki laserowe
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SEM MAG: 5.00 kx
HV: 200 kV

DET: SE Detector
View field: 54 42um 20 um
SM: RESOLUTION

Source: Own work / Zrodto: opracowanie wlasne

Vega ©Tescan

Fig. 6. Microstructure of diffusion boronized layer after la-
ser heat treatment on VANADIS 6 steel; LHT: P: 1.04 kW;
v: 2.88 mzmint; remelted zone

Rys. 6. Mikrostruktura warstwy borowanej dyfuzyjnie po
laserowej obrobce cieplnej na stali VANADIS 6 LOC: P:
1,04 kW; v: 2,88 mzmint; strefa przetopiona
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Source: Own work / Zrédio: opracowanie wlasne
Fig. 7. X-ray diffraction pattern of boronized layer before
and after laser heat treatment on VANADIS 6 steel
Rys. 7. Dyfrakcja rentgenowska warstwy borowanej przed i
po laserowej obrobce cieplnej na stali VANADIS 6

Microhardness of diffusion boronized layers was about
1800-1400 HVO0.1. With increasing distance from the sur-
face, microhardness of boronized layer gradually decreased
towards 600 HVO0.1 in the steel substrate (Fig. 8).
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Fig. 8. Microhardness profile of diffusion boronized layer
on VANADIS 6 steel

Rys. 8. Profil mikrotwardosci warstwy borowanej dyfuzyj-
nie na stali VANADIS 6
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Fig. 9. Microhardness profile of diffusion boronized layer
after laser heat treatment on VANADIS 6 steel; LHT: P:
1.04 kKW; v: 4.48 m=mint; measurement in the axis of track
Rys. 9. Profil mikrotwardosci warstwy borowanej dyfuzyj-
nie po laserowej obrébce cieplnej na stali VANADIS 6
LOC: P: 1,04 kW; v: 4,48 mzmin,; pomiar w osi Sciezki

Results of microhardness tests of layers after laser heat
treatment are shown in Figures 9 and 10. Microhardness
was tested along the axis of laser tracks. The microhardness
in the remelted zone of the laser remelting of boronized
layers was about 1600 - 1400 HV 0.1 (Figs. 9 and 10). For
laser remelting of boronized layer (P = 1.04 kW and v =
4.48 mz=min?t) the microhardness in the remelted zone of
approximately 1600-1500 HVO0.1 was obtained (Fig. 9).
The microhardness in remelted zone of laser remelted bo-
ronized layer for parameters P = 1.04 kW and v = 2.88
m/min was about 1450-1250 HV 0.1 (Fig. 10). In all the
layers after laser heat treatment the microhardness in heat
affected zone reached 800 - 600 HVO0.1 and decreased to-
wards the substrate - 600 HV0.1. The microhardness of the
remelted zone had a milder gradient towards the substrate.
Varying microhardness of the heat affected zone is proba-
bly due to the different thickness, which is dependent on the
laser parameters.
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Fig. 10. Microhardness profile of diffusion boronized layer
after laser heat treatment on VANADIS 6 steel; LHT: P:
1.04 kW; v: 2.88 m=min-t; measurement in the axis of track
Rys. 10. Profil mikrotwardosci warstwy borowanej dyfuzyj-
nie po laserowej obrobce cieplnej na stali VANADIS 6
LOC: P: 1,04 kW; v: 2,88 mazmin; pomiar w osi Sciezki
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Source: Own work / Zrédlo: opracowanie wiasne

Fig. 11. Rockwell indentation image made on VANADIS 6
steel
Rys. 11. Odcisk Rockwella na stali VANADIS 6

Source: Own work / Zrodlo: opracowanie wlasne

Fig. 12. Rockwell indentation image made on VANADIS 6
steel after boronizing

Rys. 12. Odcisk Rockwella na stali VANADIS 6 po borowa-
niu

Source: Own work / Zrédlo: opracowanie wiasne

Fig. 13. Rockwell indentation image made on VANADIS 6
steel after boronizing and laser heat treatment

Rys. 13. Odcisk Rockwella na stali VANADIS 6 po borowa-
niu i laserowej obrobce cieplnej
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Figure 11 shows an image of the as-delivered surface
without boronized layer with Rockwell indentation, whose
hardness was 50 HRC. Figure 12 shows an image of the sur-
face of diffusion boronized layer with Rockwell indentation,
from which micro-cracks radiate, and layer adhesion con-
forms to the standard in terms of HF1 and HF2 (Fig. 1). Fig-
ure 13 shows the resulting indentation on steel after diffusion
boronizing and laser heat treatment, which can be classified
as standard HF2, and this failure is also acceptable.

4. Conclusions

- The microstructure of layers after laser alloying with
elements is composed of three areas: remelted zone, heat
affected zone and the substrate.

- Microhardness measurements are characterized by a mild
microhardness gradient from the surface into the material.

- After laser heat treatment the properties of VANADIS 6
steel are advantageous, because the microhardness profiles
are mild from the surface to the substrate.

- By means of laser heat treatment the thickness of the
layers can be adjusted so they can successfully used on ma-
chine parts and tools.
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