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LASER SURFACE MODIFICATION OF BOROCHROMIZING C45 STEEL

LASEROWA MODYFIKACJA BOROCHOROMOWANE] STALI C45

In this study the test results for borochromized C45 steel after laser surface modification were presented. Influence of
laser heat treatment on the microstructure and microhardness of surface layer was investigated. The process of borochromizing
consisted of chromium plating followed by diffusion boronizing. The laser heat treatment (LHT) of multiple tracks in the
helical line was carried out with CO, laser beam. The technological laser TRUMPF TLF 2600 Turbo CO, of the nominal
power 2.6 kW was applied. Borochromizing was carried out with laser power density q = 41.40 kW/cm? and at laser beam
scanning rate v = 0.67 m/min and v = 2.016 m/min. Measurements of microhardness were conducted using the Vickers’
method and Zwick 3212 B hardness tester. Microstructure observations were performed by means of an optical microscope
Metaval Carl Zeiss Jena and scanning electron microscope Tescan VEGA 5135. After laser heat treatment with re-melting
a three-zone layer was obtained, which included: re-melted zone, heat affected zone and a core. Influence of laser treatment
parameters on thickness of melted zone and microstructure of the surface layer was tested. The microhardness tested along the
axis of track of the surface layer after laser modification was about 800-850 HV. The results of tests showed influence of laser
power density and scanning rate on microstructure and properties of borochromized layers.
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W pracy przedstawiono wyniki badari borochromowanej stali C45 po laserowej modyfikacji. Badano wplyw laserowej
obrdbki cieplnej na mikrostrukture i mikrotwardo§¢ warstwy wierzchniej. Proces borochromowania sktadat si¢ z obrébki galwa-
nicznej, nastepnie dyfuzyjnego borowania. Laserowa obrébka cieplna dla Sciezek wielokrotnych po linii Srubowej byta wykonana
przy uzyciu lasera technologicznego CO, firmy TRUMPF TLF 2600 Turbo o mocy nominalnej 2,6 kW. Borochromowanie
przeprowadzono przy uzyciu gestosci mocy lasera q = 41,40 kW/cm? i predkosci skanowania wiazki laserowej v = 0,67 m/min
oraz v = 2,016 m/min. Pomiar mikrotwardo$ci wykonano metoda Vickersa na twardoSciomierzu Zwick 3212B. Natomiast
badania mikrostruktury przeprowadzono przy uzyciu mikroskopu Metaval produkcji Carl Zeiss Jena jak réwniez skaningowego
mikroskopu elektronowego Tescan VEGA 5135. Po laserowej obrébee cieplnej z przetopieniem otrzymana warstwa skladata sie
z trzech stref: przetopionej, wplywu ciepla i rdzenia. Badano wplyw parametréw laserowej obrébki na grubo$¢ i mikrostrukture
strefy przetopionej. Mikrotwardo$¢ w osi Sciezki warstwy wierzchniej po laserowej modyfikacji wynosila ok. 800-850 HV.
Wyniki badain wykazaly wplyw oddziatywania ggstosci mocy lasera i predkosci posuwu na mikrostrukturg oraz wlasciwosci
warstw borochromowanych.

1. Introduction electroplating [1, 2, 8, 9], using beam of high energy

(modification, alloying) [3, 5, 8, 9, 13, 14]. Chromium

Elements of the periodic system can be produced on ~ Plating is a well-known and widely used process of gal-
metal alloys by depositing coatings (chromizing, nick- Vanic treatment for various parts of machines (piston
elizing, copperizing, zinc plating) and diffusion meth- ings, dies, shafts). Diffusion boriding is a method of
ods, such as boriding, nitriding, carburizing, chromiz- thermo-chemical treatment involving saturation of the
ing. Currently, many authors study the modifications of steel surface layer with boron. As a result, boron-iron
the surface layer aimed at obtaining beneficial proper- compounds called borides are formed: FeB and Fe;B.
ties (hardness [1-12], wear resistance [1, 2, 4-8], corro- 1he borides have a needle-like structure and average
sion resistance [7]) and the structure free from imper- hardness up to 2000 HV. Among advantages of boride
fections (pores, cracks). Surface layer can be modified layers there are increased hardness, wear resistance, heat
by various methods, among others: diffusing [11, 12], resistance to a temperature of 800°C and corrosion re-
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sistance in many acidic and alkaline solutions. The dis-
advantage of these layers is the brittleness within the
subsurface zone (FeB) that manifests itself by spalling
and peeling from the core. Boride layer is also charac-
terized by high hardness gradient of the transition from
the layer to the core [10-12]. The article [9] presents the
influence of laser power density on structure and select-
ed properties. This paper presents modification of the
borochromized layer by means of CO, laser. The effect
of laser scanning rate on the thickness of the melted
zone, microstructure and microhardness were tested.

2. Experimental procedure

The tests were carried out on C45 steel of chemical
composition 0.42% C, 0.72% Mn, 0.19% Si, 0.30% S,
0.008% P. The specimens were ring-shaped 20 mm in ex-
ternal diameter, 12 mm in internal diameter and 12 mm
height. The process of borochromizing included chromi-
um plating followed by diffusion boriding and heat treat-
ment. The chromium layer was about 20 ym thick and
its average microhardness was 850 HV0.05. The next
stage of boriding treatment was performed at 950°C for
4 h. The boriding powder used in the gas-contact method
contained: amorphous boron, KBF, as an activator and
carbon black as a filler. After boriding samples were
hardened from 850°C in water and tempered at 580°C
for 1 h. After borochromizing a laser heat treatment
for the chosen parameters was performed. For the laser
heat treatment of borochromizing a technological laser
TRUMPF TLF 2600 Turbo CO, with the nominal power
2.6 kW was used. It operated at the following parame-
ters: power density q = 41.40 kW/cm?, scanning rate v =
0.67 m/min and v = 2.016 m/min at a constant beam
diameter d equal 2 mm. Laser tracks were arranged as
multiple tracks produced in the shape of helical line,
with the distance f = 0.5 mm/rev, where f is the width
of the re-melted zone. Thus the determination of wear
resistance was possible. Microstructure tests were per-
formed using an optical microscope Metaval Carl Zeiss
Jena with a camera 2300 3.0 MP and Live Motic Im-
ages Plus 2.0 Resolution software and scanning electron
microscope Tescan VEGA 5135.

Metallographic observations of the microstructure
were conducted on polished and etched cross-sections
of the specimens using an optical microscope. Samples
were etched in a solution including CuSO4+ HCI +
H,0 or 2% HNOj;. To determine microhardness profiles
(Vickers method) ZWICK 3212 B hardness tester was
used. The hardness tests were performed at a load of
0.1 kG.

www.czasopisma.pan.pl P N www.journals.pan.pl

3. Results and discussion

The layer produced in the two-step borochromiz-
ing process consists of a single zone, looking like iron
borides. The thickness of the produced borochromized
layer was about 70 yum. Microhardness of borochromized
layers showed a mild gradient of hardness from surface
to core. It was within the range of iron borides and
was about 1400 HV [8]. Laser modification was carried
out for borochromized layers. Microstructures after laser
modification consisted of three zones: re-melted zone
(MZ), heat affected zone (HAZ) and core (Fig. 1, 3).

Fig. 1. Microstructure of C45 steel after borochromizing and LHT
q = 41.40 kW/cm?, v = 0.67 m/min; Reagent: solution 2% HNO;

SEM MAG: 2.44 kx  DATE: 07/08/10
HV: 20.0kv
VAC: Hivac

Fig. 2. Microstructure of C45 steel after borochromizing and LHT
q = 41.40 kW/cm?, v = 0.67 m/min; boundary MZ and HAZ;
Reagent: solution CuSO,4+ HCIl +H,0



“'\'\'\’\;.(léhiS()l)IhlllEt.l)illl.E)l P
Y

% www journals.pan.pl

POLSKA AKADEMIA NAUK

Fig. 3. Microstructure of C45 steel after borochromizing and LHT
q=41.40 kW/cm?, v = 2.016 m/min; Reagent: solution 2% HNO;

As a result of re-melting, the borochromized layers
were composed of the materials of surface layer and
core. Observation of those layers proved the fluctuation
of chemical composition in the melting pool. Applied
spiral lead caused partial overlapping and contact of the
re-melted zones and HAZ overlapping of the heat af-
fected zones in the axle path of previously heat treated
(Fig. 1, 3). Within the microstructure of the laser track a
flat solidification front at the border of the melted zone
and heat affected zone was observed. Flat solidification
front transformed into column and dendritic crystals in
the direction of carried away heat. Microstructure of the
re-melted zone was composed of solid solution (Fig. 2)
or eutectic borides (Fig. 4) with martensite. Heat affected

SEM MAG: 2.50 kx  DET: SE Detector
HV: 20.0kv DATE: 07/02/10
VAC: Hivac Device: TS5135

20 um

Vega CTescan

Fig. 4. Microstructure of C45 steel after borochromizing and LHT
q = 41.40 kW/cm?, v = 2.016 m/min; boundary MZ and HAZ;
Reagent: solution CuSO4+ HCI1 +H,0 [9]

zone was composed of martensite needles. Microhard-
ness tests of borochromized layers after laser modifica-
tion are shown in Fig. 5. Microhardness was tested along
the axis and at the interface of laser tracks. During the
research constant power density and variable scanning
rate of the laser beam were applied. It was found that
relatively low scanning rate of the laser beam v = 0.67
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m/min resulted in long solidification of the layer and
slow cooling. For the power density q = 41.40 kW/cm?
and scanning rate v = 0.67 m/min, microhardness in the
re-melted zone was about 600 HV, in heat affected zone
reached 350 HV and decreased towards the core — 300
HV. For higher scanning rate v = 2.016 m/min, higher
microhardness of approximately 850 HV was achieved
in the re-melted zone. Measurements of microhardness
along the axis and at the contact tracks for the parame-
ters used were similar. Melted zone was four to six times
thicker than the initial borochromized layer.
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Fig. 5. Microhardness of C45 steel after borochromizing and LHT
q = 41.40 kW/cm?, v = 0.67 m/min; and q = 41.40 kW/cm?,
v = 2.016 m/min; measure along the axis of track

4. Conclusion

The microstructure, thickness and microhardness of
layers produced in borochromizing process were similar
to boride layers. As a result of the laser modification
the borochromized layer included three zones: re-melted
zone, heat affected zone and the core. The microstructure
and dimensions of laser tracks depended on the scanning
rate. After borochromizing and laser heat treatment the
microstructure consisted of solid solution or boride eu-
tectic with martensite. Decreasing of the scanning rate
lead to increase of laser track dimensions, but decrease
of microhardness in re-melted zone. The most advanta-
geous microhardness, about 850 HV with scanning rate
v = 2.016 m/min, was obtained.

Acknowledgements

The following work has been carried out within the project
“Scholarship support for PH.D. students specializing in majors strate-
gic for Wielkopolska’s development”, Sub-measure 8.2.2 Human
Capital Operational Programme, co-financed by European Union un-
der the European Social Fund.



214

N

The authors would like to thank MSc. eng. J. Jakubowski for

help in chromium plating and Mr 1. Nowak for his help during sam-

ples preparation using laser.

(1]

(2]

(3]

(4]

(5]

(6]

REFERENCES

A. Mtynarczak, A. Piasecki, Budowa i wias-
ciwosci dyfuzyjnych warstw chromoborowanych wyt-
warzanych na stalach narzedziowych. Archiwum Tech-
nologii Maszyn i Automatyzacji 24, 2, 173-184 (2004).
Yu.A. Balandin, Surface hardening of die
steel by diffusion boronizing, borocopperizing and
borochromizing in fluidized bed. Metal Science and
Heat Treatment 47, 3, 103-106 (2005).

A. Woldan,J. Kusinski, E. Tasak, S. Kac,
Wplyw laserowego stopowania stali weglowej chromem
na strukture i wilasciwodci warstwy wierzchniej. In-
zynieria Materiatowa 21, 6, 478-481 (2000).

S.Y. Lee, G.S. Kim, B.S. Kim, Mechanical proper-
ties of duplex layer formed on AISI 403 stainless steel
by chromizing and boronizing treatment. Surface and
Coating Technology 177-178, 178-184 (2004).

L. Bourithis, G. Papadimitriou, Boriding
a plain carbon steel with the plasma transferred arc
process using boron and chromium diboride powders:
microstructure and wear properties. Materials Letters 57,
1835-1839 (2003).

S. Sen, U. Sen, The effect of boronizing and
boro-chromizing on tribological performance of AISI

Received: 10 January 2011.

www.czasopisma.pan.pl P N www.journals.pan.pl

(7]

(8]

[9]

(10]

(11]

[12]

[13]

[14]

52100 bearing steels. Industrial Labrication and Tribol-
ogy 61, 3, 146-153 (2009).

S.V. Grachev, L.A. Mal’tseva, TV
Mal’tseva, A.S. Kolpakoyv, M.Yu.
Dmitriev, Chemicothermal Treatment. Boronizing
and Borochromizing in a vibrofluidized bed. Metal
Science and Heat Treatment 41, 11-12, 465-468 (1999).
A. Pertek, A. Bartkowska, Warstwy borowane
modyfikowane chromem, niklem oraz obrébkg laserows.
Inzynieria Materiatowa 31, 176, 4, 1162-1165 (2010).
A. Bartkowska, A. Pertek, Laserowa mody-
fikacja warstw borochromowanych na stali C45.
XXXVIII Konferencja Szkoly Inzynierii Materialowe;j,
Krakéw — Krynica, 28 IX — 1 X 2010, conference ma-
terials, 187-190 (2010).

T. Burakowski, T. Wierzchon, Inzynieria
powierzchni metali. WNT, Warszawa (1995).

K. Przybytowicz, Teoria i praktyka borowania
stali. Wyd. Politechniki Swietokrzyskiej, Kielce (2000).
A. Pertek, Ksztaltowanie struktury i wilasciwosci
warstw borkéw zelaza otrzymanych w procesie borowa-
nia gazowego. Wyd. Politechniki Poznarskiej, Poznan
(2001).

AN. Safonov, Special features of boronizing iron
and steel using a continuous-wave CO, laser. Metal Sci-
ence and Heat Treatment 40, 1-2 (1998).

K. Wisniewski, A. Pertek, Influence of laser
alloying with amorphous boron on structure and micro-
hardness of 41Cr4. Archives of Metallurgy and Materi-
als 54, 1, 111-114 (2009).



