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Abstract

This research focuses on studying the mechanical, tribological, and corrosion behaviors of alloy steels: AISI 4340, AISI
5140, and AISI 8620 by laser hardening, respectively. In light of the tests which have been carried out meticulously, it is
concluded that the optimum laser hardening parameter for all steel grades is 4 mm/s scanning speed and 1300 °C surface
temperature. Micro-structural changes, Vickers hardness as mechanical properties, and tribological properties with
reciprocating wear tests were carried out. Furthermore, corrosion tests were conducted. The test results reveal that the
maximum hardness is achieved 50-300 um below the surface for all laser-hardened steels. Additionally, this study
demonstrates that the wear resistance of steel is enhanced by the implementation of laser hardening. This study also
determines that laser hardening has a positive impact on lifting the corrosion resistance behavior of AISI 4340 steel. In

contrast, the corrosion resistance properties of AISI 8620 steel were reduced nearly by 54.17%.

Keywords: Laser Hardening; Alloy Steels; Mechanical Properties;, Wear Resistance; Corrosion

1. Introduction

Steel, which is a multi-purpose material, is used in

construction, aerospace, defense, machinery,
automobile, etc. industrial applications [1, 2]. For
steel parts, the surface microstructure and

composition play a crucial role in determining the
surface-dependent engineering properties (corrosion,
wear, impact, oxidation resistance, etc.) of the steel in-
service conditions. Probably, steel components such
as gears, screws, pistons, fasteners, rails, and wheels
are subject to wear and surface deformations due to
overloading which may cause mechanical losses or
corrosion due to aggressive environmental conditions
[2]. Therefore, surface modifications due to different
applications emerge as a significant research area for
steel materials.

Surface treatment techniques such as flame
hardening, induction hardening, carburizing,
nitriding, carbonitriding, and different hard coating
techniques are widely used to improve the wear
resistance property of steel materials [3]. These
traditional and widely used surface treatment
processes have several limitations that include
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complex heat treatment programs, long time and high
energy consumption, no solid solubility limit, larger
heat affected zone, slower kinetics, etc. [4].

Laser hardening is the process that will avoid most
of the limitations observed in conventional surface
treatment used to produce a hard, wear-resistant
surface on components by the action of a scanned
laser beam for surface hardening of steel with
martensitic transformation [5]. When it is compared to
traditional hardening operations, laser hardening has
such advantages as minimal distortion of parts and no
interruption. Moreover, this process is also faster than
traditional hardening processes and may be utilized to
selectively harden certain areas of components [6].
When laser hardening is compared to traditional
hardening techniques such as induction or flame
hardening, it is more advantageous in certain aspects.
For instance, thanks to laser hardening it is possible to
harden the surfaces of complex three-dimensional
workpieces and often eliminate the final grinding
process due to a minimal heat-affected area [7]. In
laser hardening, laser energy of 7-100 Joule/mm? is
concentrated on the material surface for an interaction
time between 0.1 s and 10 s bringing up the metal
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temperature to an austenitizing temperature without
making it reach the melting temperature of the steel
material [8]. After the laser-material interaction ends,
the metal acts as a heat screen to quickly extinguish
the heated area [9]. In general, the heating and cooling
speed in the laser hardening process is in the range of
10°-10* K/s. Hence, at such fast-cooling speeds, the
surface layer is almost completely martensitic. This
increases not only the surface wear and corrosion
resistance but also the fatigue strength of the
workpiece [10].

There are limited studies on the wear, corrosion,
and mechanical properties of low and medium-carbon
steels that are the most widely used materials in
construction and machinery industries by laser
hardening. When AISI 4340, AISI 5140, and AISI
8620 are considered, they are the most widely used
steel grades in the industry in terms of laser
hardening. However, the current studies on them are
insufficient. AIST 4340 steel is a medium carbon, low
alloy steel known for its toughness and strength in
relatively large sections. AISI 8620 steel is a low alloy
nickel, chromium, and molybdenum case hardening
steel, generally supplied in the rolled condition. AISI
8620 steel offers high external strength and good
internal strength, making it highly wear-resistant.
5140 steel plate is widely used in low and moderately-
stressed parts for vehicles, engines, and machines
where a hard, wear-resisting surface is needed. Fakir
et al. analyzed the mechanical behavior of fiber laser
heat-treated AISI 4340 steels. The mechanical
behavior of the material was improved with the
hardening process of a cylindrical workpiece which
was made up of 4340 steels with a 3kW fiber laser
welding. Thus, the test resulted in more than a 40%
increment in fatigue resistance with an average stress
interval of less than 0.30% depending on laser
hardening [8]. In another study, the effect of laser

higher friction levels due to the shearing of oxide
layers in the air-protected samples and hence, results
in a higher surface roughness [11].

In this study, the mechanical, tribological, and
corrosion properties of three different laser-hardened
alloy steels (AISI 4340, AISI 5140, and AISI 8620)
were investigated. The wear resistance characteristics
of both base forms and their laser-hardened forms
were studied by applying image processing
techniques using MATLAB which has never been
applied before for worn surfaces.

2. Experimental
2.1. Laser Hardening Process

The thermal treatments for surface hardening were
performed using a 1.2 kW high-power diode laser
(Laserline, model LDF-3000-100, Germany), with a
wavelength range of 900 nm to 1,080 nm LLK-
D/Auto type laser fiber and an elliptical spot of 0.6
and 1.9 mm along the minor and major axes,
respectively. The focal distance of the laser to the
sample surfaces was 195 mm. The chemical
compositions of commercial low alloy steels that were
treated with laser surface hardening are given in Table
1. However, instead of all elemental contents, only
some elements are included in the table to show the
elemental differences between steel grades.

The laser hardening process was applied at 1200,
1250, and 1300 °C surface temperatures at 4 mm/s
and 6 mm/s scanning speeds. Parameters were
encoded from numbers 1 to 6. Table 2 indicates the
laser hardening process parameters. Round specimens
with diameters of 55-80 mm and thicknesses of 7-12
mm were used for laser hardening. All specimens
were obtained from hot-drawn round steel bars.

Table 2. Laser hardening process parameters

treatment parameters on surface modification and .
tribological behavior of AISI 8620 steels was Parameter No Laser Scanning Surface .
examined by Sougata Roy et al. The effect of different Speed (mm/s) | Temperature (°C)
protective gas and laser scanning rates on retained 1 6 1300
austenite content and tribomechanical properties of 2 6 1250
AISI 8620 steels were investigated. Based on the 3 6 1200
results, it was reported that controlling the retained 4 4 1300
austenite below 10% with an appropriate selection of 5 1 1250
power density and scanning velocity levels was ; 7y 1300
possible. The oxygen content in the air indicated
Table 1. Nominal and actual chemical composition of steels (wt.%)
Steel Grade Designation C Mn Ni Cr Mo
AISI 4340 (nominal) [12] 0.38-0.43 0.60-0.80 1.65-2.00 0.70-0.90 0.20-0.30
AISI 4340 (actual) 0,42 0.76 1.75 0.83 0.26
AISI 5140 (nominal) [12] 0.38-0.43 0.70-0.90 - 0.70-0.90 -
AISI 5140 (actual) 0,40 0.89 0.02 0.84 0.02
AISI 8620 (nominal) [12] 0.18-0.23 0.70-0.90 0.40-0.70 0.40-0.60 0.15-0.25
AISI 8620 (actual) 0.19 0.73 0.65 0.48 0.16




0.4.A. Albahlol et al. / J. Min. Metall. Sect. B-Metall. 59 (2) (2023) 255 - 267

257

Laser hardening heat treatment was carried out on
the steel samples as per the values of process
parameters expressed in Table 2. Subsequently,
hardened steel samples were examined using a Nikon
Shuttle Pix P-400R model stereo microscope.

2.2. Characterization

Metallography techniques were applied to samples
for visual analyses such as the stereo microscope,
optical light microscope, and scanning electron
microscope for micro-structural characterization.
Steel samples were ground with 200 to 2500 mesh
abrasive SiC papers and then polished with 3um and
Ium diamond pastes. Then, they were etched with 5
vol.% Nital solutions. Following metallographic
steps, the Nikon Shuttle Pix P-400R model
stereomicroscope was utilized to detect the laser-
hardened areas. The microstructures of samples were
examined by Nikon MA 200 optical light microscope
and Carl Zeiss Ultra Pus scanning electron
microscope. The OES spectra were collected by an
optical emission spectrometer (GNR Atlantis) with
the spectral region of 120—800 nm for actual chemical
composition analysis of the steels (given in Table 1).

2.3. Mechanical and Chemical Performance
Analysis of Laser-Hardened Steels

Vickers hardness tests were performed at a certain
depth from the surface under a load of 9.81N using
Shimadzu micro-hardness measuring devices. For
tribological studies, wear tests were carried out in the

UTS Tribometer T10/20 brand reciprocating wear
tester machine. This machine works in a linear back-
and-forth motion type under loads of 30 N and 60 N
for a total of 50 m. The cross-sectional front view
micrographs of worn surface areas were measured
according to ISO 4287-1997 standard with Mitutoyo
SJ-410 surface roughness device [13]. Then, the top
view micrographs of the worn surface areas were
taken by a Nikon Shuttle Pix P-400R model stereo
microscope. Thereafter, the stroke length of the worn
surface was determined numerically by using the
worn surface area micrographs obtained from stereo
microscope devices through image processing
techniques using MATLAB. In addition, the following
laser hardening process materials were tested for
potentiostat-dynamic corrosion using Parstat 4000
Potentiostat Galvanostat with a reference electrode
Ag/AgCl in a 3.5% NaCl solution.

3. Results and discussions
3.1. Laser Hardening Optimization

These cross-sectional stereo micrographs of laser-
hardened AISI 4340, AISI 5140, and AISI 8620 steel
samples are depicted below in Fig. 1-3. Additionally,
these figures show the width and depth of the laser-
hardened areas.

Fig. 1, Fig. 2, and Fig. 3 show laser-hardened AISI
4340, 5140, and 8620 plates of steel produced
according to a) Parameter 1, b) Parameter 2, c)
Parameter 3, d) Parameter 4, e¢) Parameter 5, and f)
Parameter 6, respectively. Studies showed that the
increase in surface temperature and decrease in

- (b)

-\"’ I il

( — (d)

c)
- (H

Figure 1. Laser hardened AISI 4340; laser hardened plates of steel produced according to a) Parameter 1, b) Parameter
2, ¢) Parameter 3, d) Parameter 4, e) Parameter 5, and f) Parameter 6, respectively
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scanning speed results in the depth of the hardened
area that increases more than its width, which leads to
an increase in the heat-treated area [11, 14]. As shown
in Fig. 1d, Fig. 2d, and Fig. 3d, the largest laser-
hardened area formation was observed at the surface
temperature and with a lower scanning speed.
According to these results, it was concluded that

samples produced with parameter 4 (4 mm/s and 1300
°C) showed optimum properties in the processes.
Hence, characterization and further studies were
applied on steels that laser hardened by this optimized
parameter of 4 mm/s scanning speed and 1300 °C
surface temperature.

TN TR 4]

Figure 2. Laser hardened AISI 5140; laser hardened plates of steel produced according to a) Parameter 1, b) Parameter
2, ¢) Parameter 3, d) Parameter 4, e) Parameter 5, and f) Parameter 6, respectively

(e)

Figure 3. Laser hardened AISI 8620 steel; laser hardened plates of steel produced according to a) Parameter 1, b)
Parameter 2, ¢) Parameter 3, d) Parameter 4, e) Parameter 5, and f) Parameter 6, respectively
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3.2. Microstructures of Laser-Hardened Steels

Microstructural studies were carried out after laser
surface hardening heat treatment using optimum
parameters of the laser scanning speed of 4 mm/s and
surface temperature 1300 °C. Thus, the surface
temperature and carbon content affected the type of
microstructure produced within a material [15]. Figs.
4(a) and 4(b) show the stereo cross-sectional
micrograph and microstructure of the laser-hardened
area of AISI 4340, respectively. In the laser hardening
process, decarburization was discovered on the
surface of the hardened area as indicated in Fig. 4(c).
As a result, hard cementite carbide particles were
formed below the surface of the hardened area and
carbon content was reduced on the surface.
Martensitic (top) and a combination of ferritic and
pearlitic (bottom) microstructures were observed at
the transition area shown in Fig. 4(d). After the laser
hardening process, high cooling rates resulted in
martensitic microstructures. This is shown in Fig. 4(e)
where martensitic microstructures were revealed in
the middle-hardened area. Moreover, ferritic and
pearlitic microstructures were seen on the base AISI
4340 steel as seen in Fig. 4(f). These microstructural
results are coherent with previous studies [16].

Fig. 5(a) represents the cross-section micrograph of
the laser-hardened area of AISI 5140 steel. Here,
cementite carbides (dark dots), retained austenite, and
martensitic microstructures in the hardened area are
observed in Fig. 5(b). Fig. 5(c) depicted below indicates
the middle part of the laser-hardened area. Fine grains of
bainite and austenitic microstructures were represented

Figure 4. AISI 4340-Laser Hardened Steel micrographs: a) stereo micrographs of laser hardened AISI 4340, b) general

in Fig. 5(d). Here in Fig. 5(d), the bainite microstructure
was identified by dark features which were formed from
austenite under non-equilibrium conditions at
temperatures between 250-550 °C. Furthermore, bainite
and ferrite microstructures also appear in Fig. 5(e). The
bainite is a very fine aggregate of a-phase and Fe,C
(cementite) phases.

Fig. 6(a) indicates the cross-sectional
microstructure of the laser-hardened area of AISI
8620 steel. Due to the effect of decarburization, the
cementite carbides were formed again on the surface
of the hardened area of AISI 8620 as shown in Fig.
6(b). Martensitic and retained austenite
microstructures are seen in Fig. 6(c) as well. The red
arrow shows the retained austenitic microstructure in
Fig. 6(c). Dark gray with irregular shape grains are
observed in Figs. 6(d) and 6(e) are pearlitic
microstructures.

When the laser scanning speed decreases, the heat
input increases to a higher surface temperature. A rapid
cooling characteristic following heating transforms the
surface layer into a martensite structure almost
completely [10]. Therefore, Fig. 6 shows martensitic
and retained austenite microstructures on the hardened
surface of AISI 8620 steel. The microstructure results
demonstrated in Fig. 6 align with previous studies [11,
17]. When the laser heat treatment ends carbon
diffusion is limited during decarburization due to the
effect of a high cooling rate and lower temperature.
Consequently, austenite microstructures remain
(retained austenite) without transforming to martensite
[17]. Relatively higher temperatures occurred at the
surface which enhances the diffusion of carbon atoms.

representation of the microstructure of laser hardened AISI 4340, c-f) detailed representation of the
microstructure of laser hardened AISI 4340
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Figure 5. AISI 5140-Laser Hardened Steel micrographs: a) general representation of the microstructure of laser

(d) | F b,

hardened AISI 5140, b-d) detailed representation of the microstructure of laser hardened AISI 5140

Retained Austenite

Figure 6. AISI 8620-Laser Hardened Steel micrographs: a) general representation of the microstructure of laser
hardened AISI 8620, b-d) detailed representation of the microstructure of laser hardened AISI 8620

Thus, these surface temperature assists in
microstructure phase transformation. Hence, the
retained austenite microstructures are almost
completely transformed into martensitic
microstructures Fig. 6 (b). This phase transformation
occurs within 30-100 pm of the surface in the laser-
hardened area as observed in Fig. 6 (c). On the other
hand, Fig. 7 shows carbon and iron changes on the
surface of the laser-hardened area of AISI 8620 steel.
It reveals that there is a carbon difference of 1.84 wt.%
between points 1 and 2, confirming the presence of

decarburization on the surface of the laser-hardened
area. In addition, Figs. 7(b) and 7(c) show changes in
the composition of carbon and iron in a 100 um-
hardened area. Likewise, these phenomena are also
observed for AISI 4340 and AISI 5140 plates of steel.

3.3. Hardness Test
According to Fig. 8(a), around 30-80 um below

the surface of AISI 4340 and AISI 8620 plates of steel
linear increments in their hardness were observed.
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Figure 7. (a) Point EDX micrograph of laser hardened zone of AISI 8620, (b) carbon and iron ratios of point 1; and (c)
carbon and iron ratios of point 2

Likewise, the maximum hardness for AISI 5140 steel
occurred at 300 um below the surface. Thereafter, the
hardness started to decrease as the depth went further
away from the surface until it switched from the heat-
less zone. Considering Fig. 8(b), when the depth was
between 30-80 um below the surface, the hardness
increased from 680-810 HV. Conversely, the hardness
linearly decreased to 700 HV as the depth went
further to the 450 pm mark. Afterward, it showed a
parabolic decrement until it switched to the heat-
unaffected area. Decarburization was the main reason
for the increment of hardness below the surfaces for
all the steels because a decrease in the hardness of
steels was expected after decarburization [18]. On the
other hand, the main reason for the increase in
hardness was the martensitic transformation.

(a)»

700

Hardness (HV)
e 2
S 3

~— AISI 4340-Laser Hardened

~— AISI 5140-Laser Hardened

R AIST 8620-Laser Hardened

30 80 150 300 450 600 750 900 1050 1200 1300

Depth (um)

3.4. Wear Test

The worn surface micrographs were captured by a
Nikon Shuttle Pix P-400R model stereo microscope.
Subsequently, image processing techniques were
applied by using MATLAB to determine the stroke
length of worn surfaces as displayed in Fig. 9. In the
micrograph, the stroke length was measured in terms
of ‘pixel’ scale values.

Figs. 9(a) and 9(b) indicate the stroke length of
worn surface AISI 4340-base steel with applied loads
of 30N and 60N, respectively. Similarly, the stroke
length of the worn surface region for hardened AISI
4340 with 30N and 60N loads are illustrated in Fig. 9(c)
and 9(d). The worn stroke length and area of steel were
dependent on the applied load and surface hardness.

(b) AISI 8620

Hardness (HV)

30 80 150 300 450 600 7S
Depth (pm)

1200 1300

Figure 8. (a) Hardness versus depth of samples and (b) Hardness versus depth of AISI 8620
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The worn major length and area of AISI 5140-base
steel at 30N loads was lower as shown in edge detected
Fig. 9(e) than AISI 5140 base at 60N (Fig. 9(f). Fig.
9(g) and 9(h) show worn surface edge detected stroke
length of laser-hardened AISI 5140 plates of steel with
30N and 60N loads, respectively. Similarly, Fig. 9(i)
and 9(j) show that edge detected worn surface of AISI
8620-base steel, 30N and 60N loads respectively.
Moreover, edge detected worn surface areca with a
determined stroke length of laser-hardened AISI 8620
steels, with applied loads of 30N, and 60N were
displayed in Fig. 9(k) and 9(1), respectively.

The cross-sectional micrographs of the worn
surface area and depth of steels captured by ISO 4287
standard Mitutoyo SJ-410 device were displayed in
Fig. 10. It was found that for the same materials, the
base materials have a larger worn surface area than its
laser hardened ones. This indicates that surface laser
hardening reduced the loss of material from the
surface because it is well-known that harder material
shows better wear resistance characteristics [19].
Thus, the laser hardening process improved the
surface hardness of the steel materials.

1) Vi Vo S

: DRSNS
Figure 9. Stroke length of the worn surface edge detected steels by MATLAB

As shown in Fig. 11, the wear resistance properties
of laser-hardened materials increased for both
conditions at 30N and 60N loads for all steels. In
addition, a decrease in wear rates was detected. AISI
5140 steel conveyed an increase in the slope of the
laser hardening process compared to the base
material. However, a decrease in the slope of AISI
8620 steel was discovered in the figure. According to
the wear analysis results, the highest wear rate and
wear area were observed for AISI 4340 base steel with
a 60N applied load of 4.53x10° mm?*m and 0.064
mm?, respectively. Conversely, the lowest wear rate
and wear area were recorded for AISI 8620 laser-
hardened steel with a 30N applied load of 9.672x10*
mm?*/m and 0.012 mm?, respectively.

When Fig. 12 is observed, it can be seen that the
laser hardening process enhances the wear resistance
behavior of AISI 8620 steel in both circumstances i.e.,
for higher and lower loading conditions compared to
other steels. It is because the oxide regions of AISI
8620 are greater than other steels [11], which would
reduce the surface roughness created by hard oxide
particles (Fig. 12 (f)). Therefore, the small shearing
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Figure 11. Wear rate values versus applied loads for the base and laser-hardened samples

effect among oxide particles results in an improved
wear resistance [11] behavior for laser-treated AISI
8620 steel as compared to steels AISI 4340 and AISI
5140. Moreover, the increased temperature of worn
surfaces during wear, speed, and amount of reaction
with oxygen, and the presence of a certain oxide plate
on the material surface can be taken as the reason for
the low abrasion wear rate slope of laser treated AISI
8620 steel material. On the other hand, it was
observed that the wear rates of samples were
increased with increasing applied load. This can be
explained by Archard’s wear model which presents
that wear volume loss is directly proportional to the
applied load [20, 21].

Fig. 12, contains worn surface SEM micrographs

of base and laser-treated steels of AISI 4340, AISI
5140, and AISI 8620. In general, when comparing
AISI 4340 steel and its laser-hardened sample, the
result indicates that abrasive wear and oxidative wear
are the dominant wear mechanisms as shown in both
Fig. 12(a) and 12(b). This also applies to AISI 8620
steel as well. Forming of oxide films can be attributed
to occurring of friction heat as a result of reapplied
loads [22]. Moreover, the wear mechanism in AISI
5140 steel is observed as both abrasive and adhesive;
however, the dominant wear mechanism is adhesive
and oxidative wear after laser hardening. In addition,
after the laser hardening process, oxide regions in the
wear area are visible in the SEM analysis as it appears
in Figure 12, and the EDX results of points are
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included in Table 3.

Furthermore, considering the worn surface
micrographs of laser-hardened samples in Fig. 13 ata
500X magnification, one can deduce that the highest
oxide regions appear in AISI 8620 steel, which
verifies the lowest wear rate occurred in AISI 8620
steel.

3.5. Corrosion Test

Table 4 shows potentiodynamic corrosion test
results. It can be said that the laser hardening process
has a positive effect against corrosion by dissolving
chromium, nickel, and molybdenum at grain
boundaries. Hence, the corrosion resistance

characteristics of AISI 4340 steel were improved and

doubled. However, it was observed that for AISI 8620
steel corrosion resistance was decreased. It was
because cementite carbides in grain and grain
boundaries were discontinued after the laser heat
treatment. In response to these, the cementite carbide
accumulation caused corrosion between grains at the
grain boundaries and resulted in a decrease in
corrosion resistance [9, 23]. However, there was no
significant change in corrosion resistance properties
for AISI 5140 steel.

After laser hardening, the corrosion resistance
measured value of laser-treated AISI 4340 steel was
0.022 mm/yr., yet it was 0.046 mm/yr. for the base
material. It was because the laser hardening process
caused the dissolution of corrosion resistance-
boosting elements [9, 23]. Conversely, it was seen that

(a)

(b)

Figure 12. SEM micrographs of worn surfaces of (a) AISI 4340-Base; (b) AISI 4340-Laser Hardened; (c) AISI 5140-
Base; (d) AISI 5140-Laser Hardened; e) AISI 8620-Base, and f) AISI 8620-Laser Hardened

Table 3. EDX results after wear test

C (0] Si Cr Fe Ni Mo Mn
bl 6.12 0.00 0.24 0.63 91.35 1.57 0.10 0.00
b2 11.72 46.48 0.14 0.00 39.76 1.72 0.19 0.00
d1 4.16 0.00 0.74 0.00 93.82 0.00 0.00 1.28
d2 13.70 46.35 0.36 0.28 38.63 0.00 0.00 0.68
f1 5.50 0.00 0.66 2.29 89.20 0.33 0.15 1.88
2 9.17 45.71 0.11 1.01 42.96 0.28 0.14 0.62
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AISI 8620-Laser Hardened steel had reduced
corrosion resistance values from 0.022 mm/yr. to
0.048 mm/yr. For this reason, the laser hardening
process on AISI 8620 steel had negative effects on its
corrosion resistance properties, however, it acted
positively on AISI 4340 steel.

Pitting corrosion was observed for both base
forms of AISI 4340 and AISI 5140 (Fig.14a and
Fig.14b). Pitting occurred at the interface between the
primary cementite carbides and the martensitic
matrix. It was observed that the pitting corrosion
zones decreased after laser hardening application

(Fig.14d and Fig.14e). Most of the carbon atoms were
used for forming martensite, and the number of
cementite carbides in AISIT 4340 was lower than that
in AISI 5140, which resulted in higher corrosion
resistance (Table 4). However, for AISI 8620 pits
were scarce and small, and were initiated at the
interdendritic boundaries (Fig.14c and Fig.14f), can
be understood from the pit morphology, uniform
dispersion of fine cementite carbide phases in the
matrix, as in both base and laser hardened form of
AISI 8620, was a beneficial factor for enhancing the
pitting corrosion resistance.

Figure 13. Wear marks on steels; (a) AISI 4340-Laser Hardened; (b) AISI 5140-Laser Hardened; and (c) AISI 8620-
Laser Hardened

Table 4. Potentiodynamic corrosion test results

Specimen S“ria;ﬁ;;‘rea CC(uA) | CCD (uA/em?) | CR (mm/yr) Ecorr (V)
AISI 4340-Base 0.126 0.747 5.928 0.046 0.3729
AISI 4340-Laser Hardened 0.126 0.365 2.896 0.022 0.3928
AISI 5140-Base 0.126 0.948 7.523 0.058 -0.5277
AISI 5140-Laser Hardened 0.126 0.834 6.619 0.051 -0.4429
AISI 8620-Base 0.126 0.362 2.873 0.022 0.3751
AISI 8620-Laser Hardened 0.126 0.783 6.210 0.048 0.3974

Figure 14. SEM Micrographs of the alloys after corrosion test; a) AISI 4340-Base, b) AISI 5140-Base, c) AISI 8620-
Base, d) AISI 4340-Laser Hardened, e) AISI 5140-Laser Hardened and f) AISI 8620-Laser Hardened
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4. Conclusion

In this study, laser surface hardened AISI 4340,
AISI 5140, and AISI 8620 steels were investigated in
terms of mechanical, tribological, and corrosion
properties, respectively. Following results were
obtained:

It was decided that the optimum laser hardening
parameter for all steel grades was 4 mm/s scanning
speed and 1300 °C surface temperature.

It was determined that retained austenite
microstructures had occurred on the steel surfaces due
to the fast cooling after the laser hardening process.

The laser hardening process resulted in relatively
low surface hardness due to the decarburization
phenomenon, and optimum hardness appeared at a
depth of 50-300 um below the surface for all steels.

It was observed that oxide regions on the surface
were the decisive factor in wear mechanisms. It was
found that the wear rate for all steel-grade steels
decreased for all applied loads by laser hardening.

While laser hardening had a reducing effect on the
corrosion rate of AISI 4340 and AISI 5140 quality
steels, it increased the corrosion rate of AISI 8620
quality steel.
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UTICAJ LASERSKOG OJACAVANJA NA MEHANICKE, TRIBOLOSKE I
KOROZIVNE KARAKTERISTIKE KOD NISKOLEGIRANOG CELIKA
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Apstrakt

Ovo istrazivanje se zasniva na proucavanju mehanickih, triboloskih i korozivnih karakteristika niskolegiranih celika: AISI
4340, AISI 5140 i AISI 8620 prilikom laserskog ojacavanja. Na osnovu pazljivo sprovedenih testova, moze se zakljuciti da
su optimalni parametri za lasersko ojacavanje kod svih vrsta celika brzina skeniranja od 4 mm/s i temperatura povrsine od
1300 °C. Izvrsene su analize mikrostrukturalnih promena, Vikersove tvrdoce kao mehanickih karakteristika i triboloskih
karakteristika koristeCi testove reciprocnog habanja. Sprovedeni su i testovi za ispitivanje korozivnih karakteristika.
Rezultati testova otkrivaju da se maksimalna tvrdocéa postize 50-300 um ispod povrsine za sve Celike prilikom laserskog
ojacavanja. Osim toga, ovo istraZivanje pokazuje da se otpornost na habanje celika poboljsava primenom laserskog
ojacavanja. Takode se utvrduje da lasersko ojacavanje pozitivno utice na povecanje otpornosti na koroziju celika AISI
4340. Nasuprot tome, svojstvo otpornosti na koroziju celika AISI 8620 smanjena je za gotovo 54,17%.

Kljucne reci: Lasersko ojacavanje; Legirani Celici; Mehanicka svojstva; Otpornost na habanje; Korozija
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