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ABSTRACT

This paper presents a comparative analysis of the metal-ceramic powders mixtures
behaviour deposited onto 304 stainless steel (SS304) substrate by laser procedure.
Using Inconel 718 (In718) alloy as a matrix material that has a lower melting range
in comparison with the austenitic stainless steel, a more reduced overheating
phenomenon of the cladding layer has been achieved for the same values of the laser
deposition parameters. On the other hand, due to the greater fluidity of the In718
alloy, comparing to the SS304 material, an increase of the cladded layer width has
been observed at the macro and microstructure analysis. Moreover, an improvement
of the adhesion phenomenon between the cladded layer and the substrate was found
when spherical alumina (Al.Os) particles have been used. The comparative analysis
of the results in case of metal matrix composite (MMC), which was developed by
mixing different percentages of Al,Os, SS304 or In718, has revealed that the laser
power of 500W and cladding speed of 10mm/s are the optimal process parameters.
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1. INTRODUCTION

The Al;O3; - based ceramics present outstanding
properties, such as corrosion and high-temperature
oxidation resistance [1]-[3], that make them a suitable
composite material for the aero engine applications [4].
Besides, the manufacturing process that can be applied
to achieve the complex structure and refined
microstructure of melt-grown Al,Os-based ceramics
has tremendous development potential [5]-[8].

Additive manufacturing method, like laser
directed energy deposition (LDED) technology, can be
employed to achieve one-step near-net fabrication of
complex shape parts [9]-[11]. During the LDED
process, due to the fast heating-cooling process, the
deposited  material  suffers  modification  of
metallurgical properties that has a crucial influence on
the material mechanical properties.

However, because of the opacity of the molten
pool and fastness of melting and solidification
processes, the detection and observation of the
phenomena in real time could be considered a
challenge for the researchers [12]. Due to the

development of software and know-how in computer
science, the modelling and numerical simulation have
become a useful tool for prediction and analysis of the
solidification process evolution [13].

Some researchers have successfully prepared
almost full-dense Al203-based ceramics by LDED,
such as Al,03/ZrOs, Al203/YAG, and
AlLOs/YAG/ZrO, [14-16]. Liu et al. [17] have
performed the manufacture of large-size rod-like and
irregular-shaped Al,03/GdAIOs/ZrO; eutectic
ceramics, demonstrating the potential of LDED
technology for preparing Al203-based ceramics.
However, the mechanical properties of Al,Os-based
ceramics, such as microhardness, fracture toughness,
and flexural strength, have always been a concern in
the LDED manufacturing process fabricated [18].

Due to the finer solidification microstructure, it
was reported that the mechanical properties of Al203-
based ceramics fabricated by LDED are not superior to
those of ceramic samples which have been prepared by
sintering and other solidification methods [19]-[21].
More precisely, because during the solidification
process, defects like pores and cracks may be
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developed, the flexural strength is relatively low [18].
Consequently, being one of the methods that can be
applied for achieving new high-temperature structural
materials, it is necessary to develop new investigations
on the relationship between solidification defects and
fracture  behaviour of Al,Oz-based ceramics
manufactured by LDED [20]-[25]. One of the
objectives of the research was to analyse the influence
on the coated layers microstructure, deposited by
LDED, of the ceramic powders’ concentration from the
metal-ceramic mixtures with different percentages of
Al,O3, SS304 and In718 powders. Also, a comparative
analysis of the microstructure and morphology of the
cladded layers determined by the temperature reached
during laser melting of powder mixtures was made in
detail. It was found that in case of using SS304 or In718
metal powders, with additions of 10% Al,Os, for the

a)
Fig. 1. Powders used to obtain metal-ceramic layers on SS304 substrate: a) Al,Os; b) In718; ¢) SS304

The pure ceramic alumina (99%) (Sigma-
Aldrich, Darmstadt, Germany), used in powder form
with polyhedral particles of about 20um, was mixed in
different percentages with the following powders:

e In718 (Hbgands AB, Sweden), as spherical
particles powder with 45-90um dimension, having
the following chemical composition (wt.%): Ni -
52.8; Cr-19.2; Fe-18.18;Nb - 5; Mo - 3; Ti - 1;
Al -0.6; Si<0.10 Si; C-0.05; Mn - 0.02; Ta<0.01,
Cu<0.01; N -0.006; P - 0.005; S-0.003; B - 0.002;

e SS304 with 45-100 pm grain size and the
following chemical composition (wt.%): C - 0.08;
Mn - 2; Si - 0.75; P - 0.045; S - 0.03; Cr - 20 Cr;
Ni - 10.5 Ni; Fe - bal.

Before starting the deposition welding process,
the powder mixtures were homogenized by employing
a mechanical system with balls (model S100, Retsch,
United Kingdom) and Ar, as shielding gas, for four
hours, at speed of 200rpm.

2.2. Methods

The metal-ceramic layers were linearly deposited by
LDED, without or with layers overlap up to 30%. The
melting process parameters were adjusted, so that the
volume unmelted material to be as reduced as possible.
The coated surfaces with section of 15x40 mm? have
been carried out on SS304 substrate that has
5x100x100mm and 10x100x100mm dimensions.

same values of the LDED parameters, the cracking
phenomenon may be developed when the layers
overlap was up to 30%.

2. MATERIALS AND METHODS

2.1. Materials

The materials selected to obtain the metal-ceramic
layers were alumina powders (Al,O3z) mixed with metal
powders SS304 and In718 alloy whose morphology is
presented in figure 1. They were deposited by laser
cladding on a substrate of high-alloy steel SS 304
having in composition the following chemical
elements (wt.%): C - 0.08; Mn - 2; Si - 0.75; P - 0.045;
S-0.03; Cr - 20; Ni - 10.5; Fe - bal.

c)

The process was carefully monitored, in order to
perform deposits with dense structure, good adhesion
to the substrate, reduced oxidation and non-uniformity.

The melting laser deposition experiments were
carried out by employing an integrated system that
comprises the laser source, robotic system and
processing optics. The laser is Yb:YAG, TruDisk 3001
(Trumpf, Germany), operating in continuous mode,
with a wavelength of A = 1030 nm and a maximum
power of 3 kW. The laser beam is transferred through
the optical fiber to the focusing system, BEO D70
(Trumpf, Germany) that is positioned on a robotic arm
Kr30HA (Kuka, Germany) with six degrees freedom
(6 DOF). The SS304 plates, having the role of
substrate, were degreased with ethyl alcohol and dried
with compressed air. The powders were combined with
isopropanol in 3:1 ratio, to create a slurry that was,
subsequently, applied on the substrate. To protect the
laser optics and prevent the oxidation phenomenon, the
cladding process was made in Ar 5.0 shielding gas with
ultra-high purity (99.99%). To ensure the uniformity
and the same hight of the powder material on the whole
surface, it was used a levelling device, as it can see in
figure 2a.

The diameter of the laser spot was determined by
measuring the size of the imprint printed on the
anodized Al control sample, having focus of 0.8 mm
in, at 16 mm from the level of the surface to be
processed (fig. 2b).
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Device for obtaining the
powder layer uniformity

a)

Laser beam

melted

Scanning strategy

e Powder layer to be laser

b)

Fig. 2. Laser cladding: a) process principle; b) positioning of processing optics

To determine the optimal laser processing
parameters, several deposition trials with the
composite material, having different concentrations of
the ceramic material (100, 83, 71, 62, 10 and 5%) were
performed with different laser beam powers (1000-
15000 W). For all deposited layers, the height of the
powder layer was about 0.45mm, and a cladding speed
of 5mm/s was maintained constant during the whole
melting process. To monitor the modification of
temperature in the area irradiated by the laser beam, a
thermal imaging camera (TIM M-05, Micro-Epsilon,
Germany), capable of recording temperature in the
range of 900-2450°C, was employed in the
experimental programme.

The temperature distribution in the laser-irradiated
area was recorded using resolution of 382x288 pixels
(pixel size ~330 um) and frequency of 80 Hz, being
characteristic to the mode of 80 frames per second. The
camera was positioned at distance of about 60 cm from
the irradiated surface and covered an approximative
area of 25x15cm?. For assessing the quality of the
cladded layers, the samples were cut with a precision
cutting saw (ISOMet 4000, Dusseldorf, Germany).

Further, the samples were prepared by grinding
and polishing techniques with a precision machine
Buehler (Germany) and metallographic abrasive
materials (abrasive papers with progressive grain from
240 to 600um; aluminium oxide polishing suspension
of pH 7 and diameter from 1 to 0.25um). After etching
the surfaces with Kroll metallographic reagent, the
examination of the microstructure in the cross-section
of samples was carried out with the optical microscope
(Olympus GX51, Tokyo, Japan).

3. RESULTS AND DISCUSSION

3.1. Laser Cladding

Two laser cladding technologies and different mixtures
of ceramic powders were designed and developed in

the experimental programme. Based on the
comparative analysis of the deposits performed with
different ratios of the ceramic powder, it was found that
the main parameters - laser power, deposition speed,
layers overlap — have crucial influence on the quality
and aspects of the cladded layers.

Table 1 shows the preliminary process
parameters, in association with different mixtures of
polyhedral Al,O3, SS304 and In718 spherical powders,
used as metallic matrix, applied for optimizing the laser
cladding process. For laser power of 1000W and low
concentrations of ceramic powder (5 or 10% Al,O3),
uniform and parallel depositions, with well-defined
edges, were obtained. When higher composition of
ceramic powder was used, partially melted areas,
uneven appearance, and reduced adhesion of cladded
layer to the high-alloy steel substrate were observed.

Based on the visual control of the cladded layers,
it was found that the optimal coating conditions are the
following: maximum 10%Al,0Os ceramic powder
dispersed in 90%SS304 metal matrix, laser power of
1000W and cladding speed of 5mm/s. On the contrary,
reduced adhesion of the layer to the substrate,
continuous and coagulated deposit in the structure of
the layer and uneven edges were found when the
mixture of powders contained 5 or 10% Al,O3 and 95
or 90% In718.

As it can be seen in figure 3, smooth and uniform
aspect of the cladded layer is associated with using
metal powders in proportion of 100% (Fig. 3 e and f),
while wavy edges and inhomogeneous aspect are
observed when the Al,O; was added in the powders
mixture (Fig. 3a - Fig.3d).

During cladding process, the temperature
modifications were recorded and plotted, as figure 3
shows. The software allows collecting quickly and
easy the temperature data and, further, plotting the
temperature versus time profile, with great accuracy.
For easier tracking of the temperature variation,
different intensity levels have been assigned to false
colours in order to highlight the limits of values.
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Table 1. Preliminary parameters applied for laser cladding process using a mixture of metal-ceramic powders

= s s
= S & 5 £z B g g =
£ T2 £z 2E Tz TEXR
= z 2 g £= ZE E = E E- = Aspect of cladded layers
g ~ : %3
Pl line 1000 5 0.45 100% A203 Dlscoptlnuous deposition, islands of molten
material separated from unmelted powder
P2 line 1000 5 0.45 100% A1203 Dlscoptlnuous deposition, islands of molten
material separated from unmelted powder
P line 1500 5 0.45 100% A1203 Dlscoptlnuous deposition, islands of molten
material separated from unmelted powder
. 85% Al1203  Excess unmelted powder, that can easily be
P4 line 1000 > 0.45 15% SS304  removed from the substrate
. 71% A1203  Excess unmelted powder, that can easily be
P3 line 1000 > 0.45 29% SS304  removed from the substrate
. 62% A1203  Excess unmelted powder, that can easily be
P6 line 1000 > 0.45 38% SS304  removed from the substrate
. 10% AI203  Coagulated continuous deposition in the
P7 line 1000 > 0.45 90% SS304  central area of the spot, blurred edges
. 5% Al1203  Coagulated continuous deposition in the
P8 line 1000 > 0.45 95% SS304  central area of the spot, blurred edges
. 10% A1203  Coagulated continuous deposition in the
P9 line 1000 > 0.45 90% In718  central area of the spot, blurred edges
. 5% Al1203  Coagulated continuous deposition in the
P10 line 1000 > 0.45 95% In718  central area of the spot, blurred edges
P11 line 1000 5 045 100% In718 Continuous deposition of material with well-
defined and parallel edges
P12 line 1000 5 0.45 100%SS304 Well-defined edge deposition of material with
well-defined and parallel edges
P13 l\g‘e]zrrll(; " 1000 5 045 10% A1203  Continuous deposition of material with well-
of 3 OO/I: ’ 90% SS304  defined and parallel edges
P4 l\giz‘rll‘:ler’ 0005 045  10%AI203  Solidified layers with reduced adhesion to the
o300 ' 90% In718  substrate
(V]
Meander, o
P15  overlap 1000 5 0.45 10? AL203 Solidified layers with cracks
of 22% 90% In718
Pl6 I\gj‘;‘;ﬂff’ 000 s 045  10%AI1203  Continuous deposition of material with well-
of 220/12 ’ 90% SS304  defined and parallel edges, with cracks
The recorded thermograms can provide  associated with phase transformation or incomplete

significant information about the dynamics of the
liquid phase, the adhesion between the layers and
substrate, as well as on the thermal gradient of the
molten pool, that can allow the identification of the
potential sources of defects, such as pores, cracks or
structures with inhomogeneous composition (Fig. 4).
For instance, the higher temperatures (Tmax) correspond
to the overheating phenomenon and to increasing the
fluidity of the molten material, while the lower
temperatures (Tmin) correspond to the phenomena

melting of the powder mixture.

Based on the preliminary results, a second set of
experiments was designed and another type of
material, pure alumina (99.9%) (Wellion Trade
Company, Taiwan), consisting in spherical particles
with 45-90um size, was mixed in different percentages
with SS304 powder (Hogands AB, Sweden), having
spherical particles with 45-106um size and the
following composition (wt%): C - 0.08; Mn - 2; Si -
0.75; P - 0.045; S - 0.03; Cr - 20; Ni - 10.5; Fe — bal.).
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Fig. 5. Scanning strategies used to optimize laser deposition and metal-ceramic powder mixtures:
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The main goals of the research were focused on
solving two technical issues: ensuring better adhesion
of the deposit to the metal substrate, and reducing the
laser processing temperature. Applying various power
values (300W - 1200W) and scanning speeds (5mm/s -
10mm/s), a powder mixture with height of 0.45mm has
been melted on a SS304 steel substrate. Further, the
MMC composite, compounded of SS304 + 30%Al,0s,
has been melted so that overlapping the trajectory lines
from 30% to 45%, several tens of mm? coated surfaces
to be obtained. This stage was important in optimizing
the laser processing parameters and for determining the
overlapping parentage so that a larger coated area to be
carried out. Finally, the best results were found when
the trajectory lines generated through the scanning
strategy overlap in percentage of 30% (Fig. 5).

As it is shown in figure 6, the main issues that may
occur during laser cladding with powder mixtures are
the accumulation of powder material, uneven coverage
of the substrate, oxidation of the deposited metal layer,
excess of unmelted material, and cracks. The fast
melting, cooling and solidification of the molten metal
may often generate local stress that can cause initiation
and propagation of cracks. Moreover, it was noticed
that addition ceramic in metal matrix could frequently
lead to development of cracks. According to the
information presented in table 1, crack-free samples

can be achieved when layers overlap is 30%and only
10% Al,O5 is added in the metal powder mixture
(samples P13 and P14). Also, based on the thermal
images, the laser cladding conditions which determine
the unstable and stable melting process have been
identified, as figure 7 displays. In the table 2 the
optimal laser cladding parameters are centralized,
being associated to the metal-ceramic powder mixtures
melted on the stainless steel substrate. The experiments
aimed to obtain uniform deposits, without interface
discontinuities and defects like pores or cracks in the
structure of the cladded layers.

However, the main issue that needs attention in the
optimization of cladding parameters is the different
behaviour of materials in terms of absorbing the energy
developed by the laser beam. While the spherical
alumina particles absorb partially the heat generated by
the laser beam, the metallic material reflects partially
the energy or uses it for fast melting, allowing inclusion
of ceramics within the deposits. It was found that
higher values of laser power can determine local
vaporization of the metallic material, generating pores
in the deposition volume. On the other hand, lower
values of laser power may lead to incomplete melting
of the powder mixture, causing poor resistance to
cracking and weak adhesion of the cladded layer to the
substrate [26].

Fig. 6. Image of laser cladded surfaces: a) compliant deposits; b) non-compliant deposits with cracks
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Fig. 7. Comparative analysis of temperature variation during laser cladding with powder mixtures:
a) stable melting process; b) unstable melting process

3.2. Microstructure

The microstructures of cladded samples performed
with the first set of parameters are shown in figure 8,
in concordance with the information presented in table
1. If the process temperature was slightly above the

melting temperature of Al,O; (2072°C), high
penetration, inclusion of ceramic powder and wavy
edges were observed (P1, Fig. 8a). On the other hand,
if the laser power increased to 1500W, the penetration
did not significantly modify, but a flattening and
widening of the deposit was noticed (P3, Fig. 8b).
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Table 2. Optimal laser cladding parameters associated to the metal-ceramic mixtures used

Sample Scanning Laser Power Laser speed Layer height Powder composition
No. strategy [W] [mm/s] [mm]
S1 Line 1000 5 0.45 10% ALOs +90% SS
S2 Line 1000 5 0.45 15% ALOs + 85% SS
S3 Line 1000 5 0.45 20% AlO3 + 80% SS
S4 Line 1000 5 0.45 25% ALOs + 75% SS
S5 Line 1000 5 0.45 30% ALOs + 70% SS
S6 Line 1000 5 0.45 40% ALLOs + 60% SS
S7 Meander 1000 15 0.45 40% AlOs3 + 60% SS
S8 Meander 1000 10 0.45 40% AlOs3 + 60% SS
S9 Meander 1000 10 0.45 40% AlL,O3 + 60% SS
S10 Meander 1000 10 0.45 40% ALO; + 60% SS
S11 Meander 1200 10 0.45 40% AlO3 + 60% SS
S12 Line 600 10 0.45 40% AlO3 + 60% SS
S13 Line 600 10 0.45 30% ALOs + 70% SS
S14 Line 400 10 0.45 30% ALOs + 70% SS
S15 Line 400 10 0.45 40% AlL,O5 + 60% SS
S16 Meander 400 10 0.45 30% ALOs + 70% SS
S17 Meander 400 10 0.45 30% Al,O3 + 70% SS
S18 Meander 400 10 0.45 30% Al,O3 + 70% SS
S19 Meander 300 10 0.45 30% Al,O3 + 70% SS
S20 Meander 500 10 0.45 30% Al,O3 + 70% SS

a) Sample P1 (100% AL O3, laser power of 1000W): Substrate
remelting and detail on austenite matrix, containing delta ferrite

network, finely dispersed inter-metallic compounds, pores and reduced
amount of embedded alumina

=

250 ARt g oal R = . _; ]
Sample P4 (83% ALO; + 17% SS304): Deposit with high overlap

and detail on austenite matrix, containing delta ferrite network and
reduced inclusion of alumina particles

b) Sample P3 (100% AlOs3, laser
power of 1500W): SS304 Substrate
remelting

d) Sampl P9:

10% AlO3 + 90% In718

VOLUME 35 (YEA
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e) Sample P10:
5% ALLO3 + 95% In718

2.

Samp 13:
10% AlL,O3 + 90%SS304

j) Sample P15 (10% ALOs + 90% In718, overlap of 22%. Detail on
Austenite matrix, delta ferrite network and large inter-metallic

compounds

f) Sample P11:
100% In718

powder 100% SS304 powder

i) Safnple P121'(10 AlLO3 + 90% In718): Remelting overlap of 30%.
Detail on Austenite matrix, delta ferrite network and inter-metallic

compounds
g

e
k) Sample P16 (overlap of 22%)
10% ALOs + 90% SS304

Fig. 8. Cross-sections macro and microstructures of laser cladded layers

If the input heat is insufficient to melt the alumina
(dosed in 85% percentage), and the temperature range
(Tmax-Tmin) 1S too narrow (1550-1700°C), the melting
of powders mixture can be incomplete (P4, Fig. 8c).
Using a powders mixture of In718 and Al,Os, it was
found an improvement of the deposits quality (P9,
P10, Fig. 8d and Fig. 8e), due to an adequate wetting
of the ceramic material determined by high Ni content,
and higher temperatures (1750-2100°C) that ensure the
appropriate melting and the fluidity increase of the
metal alloy (In718 has melting temperature range of
1260-1336°C). Besides, lower overheating and the
increase of the deposit width have been observed in
case of samples P9 and P10. If the percentage of In718
increases at 100%, the appearance of the deposit is
aesthetically better (P11, Fig. 8f).

Using 100% SS304, the lower melting
temperature (1400-1450°C) of the powder has
determined adherent and homogeneous deposits, with
higher height, comparing to the In718 alloy (P12, Fig.
8g). A good aspect of the cladded layers was also
noticed in case of SS304 with Al,Os mixture (P13, Fig.
8h), the deposited layer having a larger reinforcement.

When the depositing path followed a meandering
trajectory, with an overlap of about 30% of the layers,

the appearance of the coated surface was less aesthetic
in case of 10% Al,O3; + 90% In718 powders mixture,
but without unacceptable imperfections and defects,
(P14, Fig. 8i). If the overlapping degree decreases at
22%, both in In718 and in SS304 mixture, cracks have
been observed, as it can be noticed in figure 8j and
figure 8k. The cracks found in the samples P15 and P16
were developed during the cladding process, the main
cause being the stress field generated by solidification,
followed immediately by remelting and overlapping of
layers. This phenomenon could be associated to the
overlapping value of 22% that seems to be insufficient
in terms of the solidification stress balancing.

The high temperature, reached during the melting
of powders mixture, has determined the complete
melting of the alumina, and, subsequently, the
formation of fusible compounds that have inter-
dendritically segregated. During the cooling phase,
these fusible compounds have solidified later than the
metallic matrix, this phenomenon being the main cause
of tensile stress development, and, finally, of initiation
and propagation of cracks in the deposited layers.
Because the cracking direction is identical with the
growth direction of dendrites, it is obvious that the
cracks are developed by hot cracking mechanism.
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The chemical analysis of the high-entropy alloy
(HEA) substrate provided information on the chemical
elements (wt.%), as follows: Al - 6.68 %; Co - 24.36%;
Cr - 21.47%); Fe - 23.12%, and Ni - 24.36%.

After ending the laser cladding, the cross sections
were prepared by metallographic technique, being
etched with Kroll reagent in order to be examined by
SEM method (Inspect Quanta microscope, FEI,
Netherlands equipped with Ametec Z2e chemical
composition analyser). It was found that the deposit
made by laser cladding of 30% Al.O; + 70% SS304
powders mixture with 500W laser power is
homogeneous, has a good adherence to the substrate,
and contains fine needle-like dendrites oriented on the
heat flow direction (Sample 20, Table 2, Fig. 9).

As figure 10 exhibits, a mixing zone of about
20um width was developed between the cladded layer
and the high-entropy alloy substrate. Besides, the
cladded layer - substrate interface is continuous,
without imperfections, and a diffusion phenomenon of
chemical elements from one material to another and
vice versa has appeared in this area.

11/9/2021 \ 2\ mag WD —r 10 11|
2:53:59 PM|25.00 kV 400 x 16.0 mm Inspect

Fig. 9. Cross-sectional SEM images of sample 20

i
-

-
by
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Fig. 10. Detail on the transition zone from cladded
layer to substrate

In the heat affected zone, a slight grain growth has
occurred, without altering the phase ratio. The EDS
micro-chemical composition analysis revealed higher
percentage of Co in the bonding area, the effect being
explained by the mixture of cladded layer with the
substrate that contains Co in composition (Fig. 11).

Figure 12 shows the distribution of chemical
elements along a line crossing the interface between the
HEA alloy substrate and the deposited layer made by
cladding laser of metal-ceramic powders mixture. On
the distance of about 90um, on either side of the
interface, a quasi-constant percentage of chemical
elements is observed in both materials, excepting the
Fe element that is present in the chemical composition
of the SS304 material (Fig. 12).

W us  me s

Element Weight% Atomic %  NetInt. Error %
oK 0.50 1.88 5.43 21.76
AK 0.58 1.29 11.32 18.85
SiK 0.62 1.33 17.74 16.11
MoL 20.71 12.90 368.41 3.34
Crk 19.60 2254 506.84 244
MnK 0.55 0.60 12.95 2157
FeK 20.33 21.76 42030 2.77
CoK 18.99 19.26 345.29 267
NiK 18.12 18.45 303.09 2.96

b)

Element Weight % Atomic % NetInt. Error %
oK 0.50 1.81 6.44 25.34
AIK 0.41 0.89 7.68 2434
SiK 0.58 1.20 15.91 17.55
MoL 13.62 8.22 236.93 3.82
CrK 19.18 21.50 508.88 233
FeK 21.73 22.68 458.33 2.56
CoK 21.98 21.74 405.23 2.50
NiK 22.10 21.94 372.10 2.69

c)

Fig. 11. EDS analysis performed in the transition

zone from the cladded layer to substrate (Fig. 10):

a) elements spectrum; b) chemical composition in
Spot 1; ¢) chemical composition in Spot 2
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Fig. 12. Distribution of chemical elements on the line
crossing the cladded layer - HEA substrate interface

4. CONCLUSIONS

Based on the research results, significant conclusions,
in terms of metal-ceramic powders deposited by laser
cladding, have been drawn, as follows:

e Itwas found that using 30% Al,O3 ceramic powder
dispersed in 70%SS304 metal matrix, best aspect
and adhesion of the deposits to the SS304 substrate
have been achieved.

e The laser processing parameters — laser power,
laser cladding speed — have crucial influence in
obtaining continuous and defect-free deposits.

e For identical laser cladding parameters, the use of
In718 alloy powders determines larger width of
cladded layers, comparing to the SS304 powders.

e Due to the higher viscosity of the SS304 alloy,
deposits with higher face reinforcement are
obtained.

e The optimal cladding conditions that determine
uniform deposition of composite powder mixture
with height of 0.45 mm are: laser power of 500 W,
cladding process speed of 10 mm/s.

e The microstructural analysis, performed by SEM
and EDAX techniques, revealed important
information on the adhesion of the composite
deposits to the high-entropy alloy substrate, grain
refinement in the laser-melted area, and formation
of a narrow dilution zone, about 20pum, confirming
the mutual compatibility of dissimilar materials,
characterized by  different mechanical,
metallurgical, and chemical characteristics.

e Although the laser cladding process is known as a
process that operates with high values of speed, the
concentrated energy of the laser beam determines
mutual diffusion of chemical elements through the
cladded layers - substrate interface, and, further
good adhesion of the materials investigated.
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