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Abstract

Respecting the potential of additive manufacturing (AM) technologies to
enhance material performance, this article presents the first results of an inves-
tigation on the use of laser beam melting (LBM) on V-Ti-B alloys. Latter possess
a high melting point and low density which are required for high-temperature
structural applications. The research objective is to demonstrate the feasibility of
the laser beam melting (LBM) technique to create graded microstructures and
therefore to modify alloy properties throughout the specimen. Two values of the
laser beam power were applied. The microstructural evolution of alloys with
varying titanium and boron concentrations was examined by conducting scan-
ning electron microscopy (SEM) and energy dispersive x ray spectroscopy (EDS)
analyses throughout the entire process. Hardness measurements performed in
the core of the samples as well as on the laser beam treated surfaces demon-
strated that the surface conditioning of the V-Ti-B alloys result in higher
hardness values, with increases ranging from 70 HV 10 (approx. 5 %; alloy
V-28Ti-40B; 120 W) to 500 HV 10 (approx. 33%; alloy V-28Ti-40B; 180 W)
compared to the intrinsic hardness of alloys in the arc-melted conditions.
The experimental results clearly show that the fine microstructure is more favor-
able for the laser beam melting (LBM) application.
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1 | INTRODUCTION

Novel high-temperature structural materials should
exhibit a balanced combination of essential properties
such as high-temperature strength, creep and oxidation
resistance. Besides, the alloy density plays a significant
role in applications where extra weight is directly related
to additional costs, e.g. in aircraft applications. The use of
vanadium as a base metal in alloys offers the advantage of
a notably low density (p = 6.11 g/cm®) compared to con-
ventional Ni-based superalloys or high-temperature mate-
rials based on molybdenum and niobium [1]. Alloys that
consist mostly of vanadium solid solution (Vj;), for exam-
ple, V=(3.9...4.9)Cr-(4.2...5.3)Ti have been investigated as
potential structural materials for fusion reactors [2]. In
general, the potential use of V-based materials is restricted
to inert atmospheres because pure vanadium or vanadium
with minor additions exhibit inadequate resistance to oxi-
dation under ambient atmospheric conditions. However,
experimental investigations have demonstrated that addi-
tions of elements such as titanium, chromium, aluminum,
silicon, and boron can effectively improve the oxidation
resistance at elevated temperatures within the range of
800 °C to 900 °C [3.4].

The simultaneous additions of silicon and boron to vana-
dium result in the development of a three-phase microstruc-
ture comprising vanadium solid solution and intermetallic
phases, namely V3Si and VsSiB,. Preliminary studies con-
ducted on the V-Si-B system recognized the VsSiB, phase
as a phase exhibiting notable resistance to oxidation [5].

Microhardness measurements indicate that the pres-
ence of intermetallic phases substantially impacts the
hardness of the Vg -V,;Si-VsSiB, multi-phase alloy [1].
The hardness of alloys including intermetallic phases is
approximately twofold compared to the single-phase Vi
(700 HV 0.01), thereby emphasizing the significant influ-
ence of intermetallic phases on the material’s hardness
characteristics. Further, enhanced specific compression
strength was observed on a V-9Si-13B alloy within the
temperature range of 600 °C to 1100 °C [1]. The results
indicate that the compressive yield stress of the alloy
V-9Si-13B is comparable to that of a Nibased superalloy
(CMSX-4) at 1000 °C, and even superior at lower temper-
atures. Notably, the density of the V-9Si-13B alloy
(p=5.85 g/cm’) is only 70 % of the CMSX-4 alloy
(p =8.7 g/cm?) materials [1]. To increase the specific per-
formance of V-Si-B alloys, titanium has been added to the
V-based materials. The positive effect of titanium additions
on density, mechanical properties and oxidation behavior
was experimentally proved in Mo-Si—(B)-Ti alloys [6].

The conventional processing of V-based alloys
using ingot metallurgy and subsequent machining is

characterized by high energy and time requirements, pri-
marily attributed to the disparate mechanical behavior
exhibited by the ductile solid solution phase and the brit-
tle silicides. Furthermore, a strong drawback stemming
from the prevalent presence of a coarse-grained and
non-uniform microstructure, a consequence of employ-
ing ingot processes was seen [7]. The implementation of
an additive manufacturing (AM) approach as a single-
step process for such materials may imply a significant
breakthrough, enabling the fabrication of intricate bulk
materials with geometries closely tailored to specific
technical components, such as turbine blades [8].
Previous studies have demonstrated the successful utili-
zation of additive manufacturing (AM) production
pathways to achieve high-strength metallic components
for conventional materials like steels or titanium
alloys [9]. Experimental evidence indicates that additive
manufacturing (AM) materials exhibit comparable ten-
sile strength and Young’s modulus compared to those
observed in cast steel components, specifically SS 316 L
parts [10].

Laser beams that are renowned for their high coher-
ence and directionality find extensive application in the
surface conditioning of various metal materials. The
amount of available materials for laser beam melting
(LBM) is still limited yet. Huber et al. already did
research on the applicability of laser beam melting
(LBM) as heat-treatment on tool steels [11]. In a review
on laser beam melting (LBM) techniques the theoretical
foundations of laser beam shaping techniques and their
impact on melt pool dynamics, process stability, produc-
tivity, mechanical properties, microstructure, and surface
roughness in laser-based powder bed fusion (L-PBF), as
well as the various techniques and elements used to gen-
erate specific beam profiles was shown [12]. By appliying
laser beam melting (LBM) with specific scanning param-
eters adapted to the particular metallic system, the
melting and solidification lead to a tailored surface
microstructure that may improve various material prop-
erties, e.g. wear and corrosion resistance. This study dem-
onstrates for the first time the results of implementation
of the laser beam melting on V-Ti-B alloys. The novelty of
this work lies in assessing the feasibility of laser beam
melting (LBM) in creating tailored microstructures that
cause improvement of mechanical properties. The scien-
tific contribution is significant as the laser beam melting
(LBM) technique has rarely been applied on refractory
metal-based systems. The intrinsic limitations of vana-
dium alloys and other refractory materials may, there-
fore, be overcome utilizing laser surface conditioning
treatments [13].
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2 | EXPERIMENTAL METHODS AND
ALLOYS

The phase diagram V-Ti-B used to select alloys investi-
gated in this study was calculated using a self-developed
database. The data base was built using existing databases
on the binary systems V-Ti, Ti-B and V-B and extended
with the ternary databes V-Ti-B [14]. Four different alloys
with titanium and boron concentrations ranging from
10 at.-% to 40 at.-% were chosen. The initial materials
used in this study consisted of high-purity vanadium
turnings (purity: 99.7 wt.-%), titanium granules (purity:
99.8 wt.-%), and boron granules (purity: 99.0 wt.-%).
The as—cast state is reached after five cycles of arc melting
and two cycles of levitation melting in an argon atmo-
sphere. The loss of material in all samples was minimal
in relation to their initial mass, i.e. less than 1.0 wt.-%.
The chemical compositions of the alloys were determined
using inductively coupled plasma-optical emission
spectrometry (ICP-OES/iCap 7600). The measured com-
positions are in good agreement with the nominal chem-
ical composition of the alloys, Table 1.

The surface of the fabricated specimen were remelted
using a TruLaser Cell 3000 (Trumpf) 3D Lasermelting
system in ambient atmosphere twice with two sets of
parameters, Table 2. The selective laser melting (SLM)
parameters are adapted from the publication by Schmelzer
et al. [15]. To study the effect of the laser beam power on
the microstructure of the alloys studied, two different val-
ues of the laser beam power were applied. The surface
laser treatment was applied on four different alloys to
determine its applicability to alloys with a varying boron
and titanium content and to identify suitable parameters
such as laser beam power.

Prior to metallographic characterization, the samples
were embedded in a resin containing copper, followed
by grinding with silicon carbide (SiC) abrasive paper up
to a grit size of #4000. Subsequently, polishing was per-
formed using a 0.05 pm silicon suspension (OPS). The
microstructure was examined using the scanning electron
microscopy (SEM) equipped within a focused ion beam

TABLE 1 Nominal and chemical compositions of the V-Ti-B
alloys in as-cast state.

Experimental values of the chemical
compostion in at.-%

Alloy \% Ti B

V-28Ti-40B 31.38 26.56 42.06
V-38Ti-10B 52.91 38.75 8.34
V-40Ti-30B 27.94 37.88 34,17
V-40Ti-40B 18.94 37.71 43.35

TABLE 2 Selective laser melting parameters used for the laser
remelting process.

Values Values
Parameter Symbol Unit remelt 1  remelt 2
Laser beam PL w 120 180
power
Laser beam D mm 0.6 0.6
diameter
Scanning Vy mm/s 6.67 6.67
velocity

(FIB) FEI NanoLab 600. The elemental compositions were
analyzed using energy dispersive x-ray spectroscopy (EDS)
equipped within a Zeiss Ultra 55 scanning electron micros-
copy (SEM). Further, the alloys were investigated by x-ray
diffraction (XRD) PANalytical X’'Pert Pro and analyzed by
Profex to identify the formed phases.

The microhardness measurements were performed on
an apparatus from Struers (Struers Duramin 1) with a
range of HV 0.5 10 to HV 2 10 (Vickers hardness). The
indent was done with a force of 1 kp (HV 1 10) for 10 sec-
onds and subsequently evaluated in the scanning electron
microscopy (SEM) to reach a higher accuracy. For better
understanding, a schemativ setup is generated, Figure 1.

The investigated alloys were chosen regarding the cal-
culated phase diagram, Figure 2. For the calculation of this
diagram, a thermodynamical database was used [14]. The
database was created by the CALPHAD method by itera-
tive improving of the thermodynamic parameters. The set
of parameters can be taken out of the publication [12]. The
alloys, which were used for laser beam treatment are
marked by green dots. The phase diagram is also used
to compare the alloys regarding the forming phases after
laser beam treatment and their phase equilibrium.

treatment laser beam power 120W

ww gy

treatment laser beam power 180W

FIGURE 1 Schematic setup of the hardness testing.
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FIGURE 2 Calculated phase diagram using the database created in [12] which was used to choose the investigated alloys and
calculated by using the software FactSage (alloys are marked by green dots).
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FIGURE 3 X-ray diffraction (XRD)-measurements of the
alloys V-10Ti-40B, V-28Ti-40B, V-38Ti-10B, V-40Ti-30B in the
as-cast state.

3 | RESULTS

To identify the phases present in the alloys in the as—cast
condition, x-ray diffraction (XRD) analyses were con-
ducted on alloys studied, Figure 3.

For comparison to the as-cast state, the laser beam
treated surfaces were also analyzed by x-ray diffraction
(XRD). Whereas the analysis of the as—cast specimens
was performed on the cross-section, the measurements
of the laser-treated surfaces were performed directly on
the treated surfaces. The outcome of the x-ray diffraction
(XRD) measurements on the laser-treated alloys reveal
the present phases in the alloys, Figure 4a, b. Only the
V-40Ti-30B alloy exhibits an equilibrium state following
laser beam treatment at a power of 120 W. However, after
laser treatment at 180 W, the alloy transitions to a non-
equilibrium state, forming the Ti;B, and TiB phases. In
contrast, the V-38Ti-10B alloy does not undergo any
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FIGURE 4 X-ray diffraction (XRD)-measurements of the

alloys V-10Ti-40B, V-28Ti-40B, V-38Ti-10B, V-40Ti-30B after laser

treatment with a laser power of (a) 120 W and (b) 180 W.
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phase transformation after laser treatment at 120 W.
Similar to the first alloy, the second alloy also forms
Ti;B4 and TiB phases after laser treatment at 180 W.
The third and fourth alloys exhibit the formation of
Ti;B4 and TiB phases at 120 W, while laser treatment at
180 W leads to the formation of TiB, and VB phases.
X-ray diffraction (XRD) analysis was conducted to exam-
ine the impact of laser irradiation and its influence on
phase formation, as demonstrated for the first alloy, which
exhibits distinct phase compositions after treatment at
120 W and 180 W.

3.1 | Alloy V-10Ti-40B

The alloy denoted as V-10Ti-40B exhibits the presence of a
body-centered cubic V solid solution phase along with the
VB phase in the as-cast state. The microstructural charac-
teristics after the laser treatment were investigated via
scanning electron microscopy (SEM) micrographs in
BSE mode, Figure 5. To evaluate the effect of the laser
beam on the properties of the alloy surface, the hardness
measurements were performed (I) at a distance of ~ 150 pm
from the surface, (II) at the geometric center of the
1.5 mm thick specimen. The analysis of the indents was
carried out using the backscattered electrons (BSE) mode
scanning electron microscopy (SEM) micrographs and
Image] visualization. Additionally, the element concentra-
tions of distinct phases in the core of the specimen were
determined, Figure 6, Table 3. The influence of the laser
treatment exhibits a change in the chemical constitution of
the alloy. Regarding the x-ray diffraction (XRD) measure-
ments in conjunction with the chemical constitution of the
alloy, this may suggest that the ductile Vg phase trans-
forms into the TiB, phase on the surface, Figure 4a, b.

20 00 kv "800 x None 6.0 mm|vCD kel

100 pm
MNaF Core Facil

FIGURE 5 Scanning electron microscopy (SEM) micrographs in BSE mode of the alloy V-10Ti-40B surface treated with a power of
180 W showing the dark VB phase and the bright Vg matrix (a) and a detailed image (b) to show the Vickers indent.
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FIGURE 6 Scanning electron microscopy (SEM) micrograph
of the laser treated V-10T-40B alloy with energy dispersive x-ray
spectroscopy (EDS) measurement marks related to Table 3.

TABLE 3 Measured concentrations of elements (energy
dispersive x-ray spectroscopy (EDS)) in phases recalculated with
assumed stoichiometric B-contents of alloy V-10Ti-40B.

B (at.-%) Ti (at.-%) V (at.-%)
Spot 1 - 21.13 78.87
Spot 2 (50.00) 6.12 43.88
Spot 3 (50.00) 5.99 44.01
Spot 4 - 13.92 76.08

The hardness assessment of the V-10Ti-40B specimen
yielded an approximate mean value of 1050 HV 10 across
the entire thickness of the sample. Both surface measure-
ments exhibit an average hardness of 1100 HV 10, whereas
the core of the specimen demonstrates a hardness of 1000
HV 10, Figure 7. This suggests that the chosen parameters

for the laser 3D surface conditioning alter the alloy prop-
erties moderately. In terms of the median values extracted
from the measurements, it is discernible that the laser sur-
face conditioning conducted at 120 W yields a median
hardness of approximately 750 HV 10 within the inter-
quartile range (25 % - 75 %), whereas the 180 W condition-
ing manifests a median hardness of approximately 1200
HV 10. Conversely, the median hardness of the core meas-
urements amounts to approximately 900 HV 10. These
observations imply that the laser conditioning employing
a power of 180 W may potentially exert a more pro-
nounced influence compared to the lower power setting
of 120 W.

3.2 | Alloy V-28Ti-40B
The second alloy with a composition of V-28Ti-40B dem-
onstrates a two-phase microstructure encompassing the
body-centered cubic (V,Ti)ss phase alongside the TiB
phase. The microstructural peculiarities of this alloy show
the (V,Ti)ss phase as matrix with TiB precipitates, Figure 8.
The hardness measurements were conducted using the
same methodology as for the preceding specimen, involv-
ing measurements at a distance of approximately 150 pm
and measurements at the geometric center of the sample.
The elemental concentrations of the distinct phases were
measured by energy dispersive x-ray spectroscopy (EDS),
Figure 9, Table 4:

The hardness assessments of the second alloy revealed
an elevated hardness of the laser-modified surface as a
consequence of the employed power of 120 W. The mean
hardness registered approximately 2000 HV 10, while the
surface modified at 180 W demonstrated an average

V-10Ti-40B
T T T
2000 T
o
= 1500 |
>
T
1]
7]
2 1000
P
- B 25%~75%
T 1.5IQRrange
500 — medianline
= average value
+ outliner
T T T
Surface (SEM) 120W Core (SEM) Surface (SEM) 180W

FIGURE 7 Results of the hardness measurements for the modified surfaces with a power of 120 W and 180 W and the core

hardness values of alloy V-10Ti-40B.
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FIGURE 8 Scanning electron microscopy (SEM) micrographs in BSE mode of the alloy V-28Ti-40B surface treated with a power of
120 W showing the dark TiB phase and the bright (V,Ti)ss matrix (a) and a detailed image (b) to show the Vickers indent.

4343 -:] 49235

FIGURE 9 Scanning electron microscopy (SEM) micrograph
of the laser treated V-28T-40B alloy with energy dispersive x-ray
spectroscopy (EDS) measurement marks related to Table 4.

TABLE 4 Measured concentrations of elements (energy
dispersive x-ray spectroscopy (EDS)) of phases recalculated with
assumed stoichiometric B-contents of alloy V-28Ti-40B.

B (at.-%) Ti (at.-%) V (at.-%)
Spot 1 - 75.38 24.62
Spot 2 (50.00) 44.06 5.94
Spot 3 (50.00) 44.06 5.94

hardness of approximately 1520 HV 10, Figure 10. The
hardness of the specimen core yielded a value of around
1490 HV 10. Notably, the median hardness values within
the interquartile ranges on the surface closely align with
the computed averages. In the central region of the

specimen, the median value slightly surpasses the calcu-
lated average, registering at approximately 1520 HV 10.
The above findings suggest a favorable alteration of
the surface treatment with a 3D laser power of 120 W.
A substantial difference of approximately 500 HV 10
between the surface and the core hardness was detected.
Conversely, the conditioning employing a laser power of
180 W yields less pronounced effects with respect to hard-
ness values. The chemical composition of the surfaces
reveals Ti;B, and TiB phases on the 120 W treated surface,
whereas the opposite surface shows VB and TiB, phases.

3.3 | Alloy V-40Ti-30B

The V-40Ti-30B alloy exhibits a two-phase microstructure
and is characterized by the presence of the body-centered
cubic phase (V,Ti)ss and the TiB phase, Figure 11. The
alloy V-40Ti-30B underwent the identical analysis as
the two previous alloys, with indentation performed at
a distance of 150 pm from the surface and at the geometric
center of the specimen to identify the original hardness of
the alloy. The constitutions of alloy phases and locations of
measurement were identified and located equally to the
previous specimen, Figure 12, Table 5.

The hardness evaluation exhibits an average value of
approximately 800 HV 10 across the entire thickness of
the specimen. Moreover, the median value within the
interquartile range for the entire specimen surface shows
hardness values between 700 HV 10 and 800 HV 10. This
observation suggests that there is minimal impact of
the laser surface treatment on the alloy microstructure,
Figure 13. The chemical analysis of the surfaces reveals
the same phase formations as in the previous alloy. The
surface treated with a lower energy forms a microstructure
consisting of V solid solution and TiB, whereas the oppo-
site surface reveals formation of Ti;B, and TiB.
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FIGURE 10 Results of the hardness measurements for the modified surfaces with a power of 120 W and 180 W and the core
hardness values of alloy V-28Ti-40B.
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FIGURE 11 Scanning electron microscopy (SEM) micrographs in BSE mode of the alloy V-40Ti-30B surface treated with a power
of 180 W showing the dark TiB phase and the bright (V,Ti)ss matrix (a) and a detailed image (b) to show the Vickers indent.

TABLE 5 Measured concentration of elements (energy
dispersive x-ray spectroscopy (EDS)) of phases recalculated with
assumed stoichiometric B-contents of alloy V-40Ti-30B.

B (at.-%) Ti (at.-%) V (at.-%)
Spot 1 (50.00) 29.94 20.06
Spot 2 - 77.41 22.59
Spot 3 - 83.61 16.39
Spot 4 (50.00) 29.41 20.59

34 | Alloy V-38Ti-10B

FIGURE 12 Scanning electron microscopy (SEM) The alloy V-38Ti-10B exhibits a two-phase microstructure

micrograph of the laser treated V-40Ti-30B alloy with energy consisting of the body-centered cubic phase (V,Ti)ss and

dispersive x-ray spectroscopy (EDS) measurement marks related the TiB phase as the specimen before, Figure 14. The
to Table 5. surface layer shows cracks with a length of approx. 120 pm

85UB017 SUOLIWOD BAITeRID 9|dedi(dde au Aq peusenof ale sejoie VO ‘88N Jo s8N 10} Aeid 178Ul U AS]IA UO (SUONIPUOD-PUE-SLBI/LI0D AB 1M Ale.q 1 jpulUD//:SA1L) SUOIPUOD PUe SWiB L 8U1 89S "[9202/50/22] U0 Akeiqiauluo A1 ‘FZT0L 9MeW Z00T 0T/ I0p/wod A8 Im Azelq Ul juo//:sdny wouy pepeojumod ‘0 ‘2S0vTeST



9
WILEY . vcH —L

V-40Ti-30B
1500 [
e
>
T
2 1000
Q
o
B .
T I 25%~75%
T 1.51QRrange
500 J. — medianline
= average value
+ outliner
Surface (SEM) 120W  Core (SEM)  Surface (SEM) 180W

FIGURE 13 Results of the hardness measurements for the modified surfaces with a power of 120 W and 180 W and the core

hardness values of alloy V-40Ti-30B.

HV
20.00 kY

100 pm
MNaF Core Facility

FIGURE 14 Scanning electron microscopy (SEM) micrographs in BSE mode of the alloy V-38Ti-10B surface treated with a power
of 120 W showing the dark TiB phase and the bright (V,Ti)ss matrix (a) and a detailed image (b) to show the Vickers indent.

FIGURE 15 Scanning electron microscopy (SEM)
micrograph of the laser treated V-38T-10B alloy with energy
dispersive x-ray spectroscopy (EDS) measurement marks related
to Table 6.

to 130 pm, Figure 14. This observation may indicate
increased surface brittleness attributable to an enhanced
hardness induced by the laser treatment of the specimen.
An alternative explanation could be that the laser treat-
ment induces thermal stress on the surface, leading to
the formation of stress cracks.

In contrast to the preceding hardness measurements,
the indents in this alloy were conducted at a depth of
100 pm. This deviation from the earlier procedure is justi-
fied by the presence of a surface layer with a thickness of
approximately 200 pm that formed as a consequence of
laser beam treatment. Taking the fine lamellar eutectic
structure into account, two energy dispersive x-ray spectros-
copy (EDS) spot measurements were performed and the ele-
mental compositions were identified, Figure 15, Table 6.

The hardness measurements for the V-38Ti-10B alloy
yielded results akin to the previous alloy V-40Ti-30B.
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TABLE 6 Measured concentration of elements (energy
dispersive x-ray spectroscopy (EDS)) of phases recalculated with
assumed stoichiometric B-contents.

B (at.%) Ti (at.%) V (at.%)
Spot 1 (50.00) 26.68 23.32
Spot 2 - 63.95 36.05

The surface treated with the lower laser power (120 W)
exhibited an enhanced hardness when compared to both
the core and the surface subjected to laser treatment at
180 W. The calculated mean and median values within
the 25 % to 75 % range for the modified surface hardness
are approximately 500 HV 10. On the contrary, the mean
hardness for the opposing surface (treated with 180 W)
revealed a value of 390 HV 10 with the median of the inter-
quartile range measuring around 360 HV 10. The core dis-
played a mean hardness and median value of 340 HV 10.
Although a lower hardness increase as observed for the
V-28Ti-40B alloy was detected, there is still a hardness
increase of approximately 110 HV 10 due to the laser beam
treatment, Figure 16.

The phase analysis of the surfaces of the alloy V-38Ti-
10B reveals the phases Vg and TiB on the 120 W treated
surface and Ti;B, and TiB on the 180 W treated side. The
chemical impact on the 120 W surface seems to be lower as
no phase transformation was observed, whereas Ti;B,
phase was found on the 180 W treated surface.

As mentioned above, the alloy V-38Ti-10B exhibited a
surface layer with a thickness of approximately 200 pm,
Figure 17. The surface subjected to the laser beam treat-
ment exhibits a layer characterized by a microstructure
that is distinctively different from the microstructure

inherent to the core of the specimen. The transition region
between the layer arising from the laser beam treatment
and the core shows a microstructural delineation,
Figure 17c, d. The surface layer seems to form three dif-
ferent microstructures. The surface exhibits a morphology
akin to a dendritic microstructure, Figure 17 b. In contrast,
the transition zone between the layer and the core displays
a lamellar microstructure with an embedded secondary
phase, Figure 17 d.

The surface layer of the V-38Ti-10B alloy subjected to
the 180 W treatment regime shows a discernible contrast
in the transition zone when compared to the surface layer
treated at 120 W, Figure 18. The thickness of the surface
layer after the 180 W treatment is approximately quanti-
fied at 300 pm. Comparative analysis with the surface
treated at 120 W unveils localized concentrations of den-
dritic structures indicative of boride phases, Figure 18c, d.

4 | DISCUSSION

In light of the findings of the four analyzed alloys, the sup-
position that surface conditioning is attainable through
laser treatment is substantiated. While the V-40Ti-30B
and V-10Ti-40B alloys exhibit moderate enhancement
in hardness when subjected to both 120 W and 180 W laser
beam powers, the V-28Ti-40B and V-38Ti-10B alloys
show appreciable hardness increase. The hardness profile
of the V-40Ti-30B alloy remains relatively constant across
its entirety, yielding an approximate value of 800 HV 10.
Similarly, the V-10Ti-40B alloy maintains an almost
uniform hardness, averaging around 1000 HV 10. This
suggests that the impact of laser-induced surface

B 25%~75%

V-38Ti-10B
T T T
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T
@ 500 - R
o
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T
Surface (SEM) 180W

FIGURE 16 Results of the hardness measurements for the modified surfaces with a power of 120 W and 180 W and the core

hardness values of alloy V-38Ti-10B.
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FIGURE 17 Scanning electron microscopy (SEM) micrograph in BSE mode of the cross-section of the V-38Ti-10B alloy treated
with a power of 120 W revealing the eutectic core structure (a), a detailed magnification of the formed surface layer (b), transition zone
of the layer into the core microstructure (c) and a detailed magnification of the marked area (red square) (d).

treatment, employing the parameters applied in this work,
is relatively subdued for these alloys, Table 2. This could be
attributed to the laser’s velocity during the remelting pro-
cess. A slower velocity may enhance the influence of the
heat-affected zone on mechanical properties.

The V-28Ti-40B alloy demonstrates an even more sub-
stantial impact from surface conditioning, showcasing an
average hardness increase of 500 HV 10 (33 % increase in
hardness regarding core average) with the 120 W treat-
ment, while the 180 W treatment shows a comparatively
limited effect on alloy hardness (5 % increase in hardness
regarding core agerage). The origin of this significant dif-
ference is still unclear. In contrast, the V-38Ti-10B alloy
exhibits escalating hardness on both treated surfaces, with
the 120 W treatment resulting in a more pronounced effect
compared to the 180 W treatment. Notably, both sides
display a discernible increase in hardness, amounting to
180 HV 10 (56 % increase in hardness regarding core ager-
age) and 70 HV 10 (22 % increase in hardness regarding
core agerage) for 120 W and 180 W treatments, respec-
tively. Upon examination of the resultant surface layer
the site treated at 120 W exhibits a more uniform layer
relative to that of the 180 W treated surface of the speci-
men. The hardness disparity is postulated to originate

from the ensuing microstructural differences. The 120 W
treated surface is characterized by a fine lamellar micro-
structure with an embedded second phase, whereas the
surface subjected to 180 W treatment displays a pro-
nounced dendritic morphology. Additionally, clusters of
dendritic precipitations are discernible within the surface
layer. Such microstructural features may contribute to the
comparatively modest enhancement in hardness associ-
ated with the surface layer treated at the higher energy
level. Both surfaces show cracks, which could be caused
by the laser treatment and the resulting heat energy that
is introduced to the specimen surface. This may result in
thermal stress on the surface and facilitate crack initiation.
The cracks are also an indication of higher surface brittle-
ness compared to the other specimen.

Among all specimens subjected to analysis, the alloy
V-38Ti-10B uniquely exhibits a surface layer sensible to
the laser treatment. It is proposed that this phenomenon
is due to the specimen’s diminished boron content. In con-
trast to the other specimens, this compositional variance
results in a reduced presence of borides, which are recog-
nized for their high thermodynamic and thermal stability.
While other alloys possess a high amount of coarse globu-
lar boron precipitates, the distinct feature of the alloy
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FIGURE 18 Scanning electron microscopy (SEM) micrograph in BSE mode of the cross-section of the V-38Ti-10B alloy treated

with a power of 180 W revealing the eutectic core structure (a), a detailed magnification of the formed surface layer (b), transition zone

of the layer into the core microstructure (c) and a detailed magnification of the cluster of dendritic boride phases (d).
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V-38Ti-10B is clearly its very fine microstructure which is
apparently vulnerable to laser treatment.

When comparing the varying titanium and boron con-
tents in the investigated alloys, it appears that an increas-
ing boron concentration reduces the susceptibility of the
alloy to laser treatment. In contrast, the titanium content
does not exhibit a significant influence on the alloy’s
response to laser processing. However, a higher titanium
content in combination with a lower boron concentration
promotes the formation of a lamellar microstructure,
whereas an increased boron content favours the develop-
ment of a globular microstructure. Nevertheless, there
appears to be an optimal concentration range, as the alloy
V-28Ti-40B also exhibits favourable susceptibility to laser
treatment. The responses to the laser treatments are
underlined and confirmed by hardness measurements
throughout all alloys and compared to each other,
Figure 19.

These results underscore the feasibility of surface con-
ditioning through 3D laser treatment on alloys especially
with fine microstructures. However, it is imperative to
delve further into delineating the parameter effects within
the laser setup. Additionally, an investigation into the
alloy’s liquidus projection could yield insights into chemi-
cal processes and phase formation temperatures, thus con-
tributing to a comprehensive understanding of the
resulting phase constitution and ensuing of the system.

5 | SUMMARY

In this study, the surfaces of four V-based alloys, V-38Ti-
10B, V-40Ti-30B, V-10Ti-40B, and V-28Ti-40B, under-
went laser surface treatment with varying power levels
of 120 W and 180 W, while maintaining a constant scan-
ning velocity. The primary objective was to discern the
influence of laser power on the microstructure evolution
and respective hardness. Subsequent analysis encom-
passed scanning electron microscopy (SEM) investiga-
tions, energy dispersive x-ray spectroscopy (EDS) and
x-ray diffraction (XRD) measurements on the diverse
alloys to ascertain their microstructural attributes and chem-
ical compositions. Further, the hardness of each specimen
was measured at an approximate depth of 150 pm from
the surface, as well as in the core, situated at the geometric
center of each specimen.

Microstructural analysis revealed two-phase micro-
structure in all the alloys (Vgs, TiB, Ti3B,, VB, TiB,) in vari-
ous combinations, Figures 3, 4. The alloy V-38Ti-10B
demonstrates three different microstructures in the sur-
face layer.

The experimental findings unveil an increase in surface
hardness for the V-38Ti-10B and V-28Ti-40B alloys,

while the V-40Ti-30B and V-10Ti-40B alloys exhibit neg-
ligible response to the treatment. The alloy V-38Ti-10B
demonstrates the highest sensitivity to the laser beam
treatment, presumably due to the very fine microstructure
and the lower phase fraction of borides. For this alloy,
the hardness augmentation ranges approximately from
180 HV 10 to 500 HV 10 after the 120 W, and 70 HV
10 after the 180 W laser beam treatment. Other alloys pos-
sess a high volume fraction of thermally stable coarse
boride which clearly demonstrated a high degree of resis-
tance to the laser beam.

To attain a more extensive understanding of
phase formation and the associated chemical process
temperatures, in-depth investigations into the liquidus
projection of the system are imperative. Furthermore, a
comprehensive parameter analysis of the laser energy
and scanning velocity is essential to unravel their intricate
influence on surface conditioning of these alloys and its
interrelation with properties of the system.
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