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Abstract Direct laser powder deposition (DLPD) is a
laser process that can produce fully dense components
from powders for production and repairing purposes.
Marages are high-strength steels that are hardened
through ageing treatment. This work presents a study
which integrated the numerical and experimental ap-
proaches, for the evaluation of the properties of 18 Ni
(300) laser deposited marage powder. The powder was
deposited onto AISI 304 substrate by a CO2 laser.
During the experiments, laser power, scanning speed,
powder flow rate and degree of overlapping varied ac-
cording to a Taguchi plan. In particular, the degree of
overlapping between adjacent layers and between succes-
sive tracks was calculated using an analytical model.
Density, porosity, dilution, microstructure, adhesion to
the substrate and microhardness of multilayer samples
were evaluated using statistical algorithms. Both clad-
substrate and clad-clad interfaces were characterised by
metallographic and SEM analysis. High-density samples,
with a satisfactory level of porosity, for successful addi-
tive and part repair applications, were fabricated through
the method proposed and characterised in this paper.
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List of symbols
d Spot diameter (mm)
D Dilution
Ed Energy density (J/mm2)
H Clad height (mm)
ml Lacquer mass (g)
mH2O

lþs Mass of coated sample in water (g)
ms Sample mass (g)
O% Overlapping ratio
P Laser power (W)
Q Powder flow rate (g/min)
R Theoretical circumference radius

(mm)
Rd Relative density
Sx Hatch spacing along x direction (mm)
Sz Step height (mm)
v Scanning speed (mm/min)
W Clad width (mm)
ρs Sample density (g/cm3)
ρl Lacquer density (g/cm3)
ρH2O Water density (g/cm3)

1 Introduction

ASTM International Committee F42 in ASTM F2792-12a
(AM) defined additive manufacturing technology as “pro-
cess of joining materials to make objects from 3D model
data, usually layer-upon-layer, as opposed to subtractive
manufacturing methodologies, such as traditional machin-
ing” [1].

Several additive processes belong to this group such as
direct metal deposition (DMD), direct light fabrication
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(DLF), laser engineered net shaping (LENS), Lasform
(Aeromet), Lightspeed (Lockheed Martin), LaserCast
(ARL Penn State), laser direct casting (LDC), laser pow-
der fusion (LPF) and laser metal deposition (LMD).
Direct laser powder deposition uses a laser beam and a
metal powder. The laser beam melts the powder, which
forms a deposit on a metallic substrate by fusion bonding.
Direct laser powder deposition (DLPD) is well suited to
several industrial applications since it is successful for
repairing and rebuilding worn or damaged components,
to manufacture new components and to apply wear- and
corrosion-resistant coatings [2].

DLPD was born on principles of laser cladding because
it focuses the laser beam energy onto a metal substrate so
it melts both the irradiated surface and powder. By fol-
lowing a specific path onto each layer, the laser scanning
can produce three-dimensional components. The design
has a very great potentiality in the production of complex
3D shapes also with materials hard to work with conven-
tional processes [3]. Lu et al. analysed the effect of pro-
cess parameters, in order to realise a steam turbine blade
using 316L powder [4]. Peng et al. studied a closed-loop
control for this process in order to create a thin wall [5].
The five-axis systems allow building components that re-
quire the deposition of layers along different orientations.
This result can be achieved either by tilting the laser beam
and the nozzle, which supplies powder, or by tilting the
piece under construction. Thus, the axis of the laser beam
is always normal to the deposition plane. Differently from
selection laser melting (SLS), DLPD produces protruding
or overhanging parts without the need of support like a
powder bed [6–8].

Different industrial fields like aeronautical and machin-
ing sectors show an increasing interest in this technique.
Bi and Gasser studied the restoration of nickel-base tur-
bine blade knife-edges, using a control of molten pool
temperature capable to regulate the laser power [9].
Wilson et al. showed that the reparation of a 316L turbine
blade with DLPD improved the carbon footprint and re-
duced the energy consumption with respect to the replace-
ment with a new blade [10].

The reduction of porosity is one of the main goals that
ensure good mechanical properties. During deposition
process, both interlayer and intralayer pores can form.

The former is due to the higher oxidation kinetics and
unmelted powders, and the latter depends on both the
stability of powder flow and the interaction between the
metallic powder, delivery gas and laser power [11, 12].
Both circular and elongated pores raise the stress inten-
sity factor [13]. Yan et al. examined the influence of pore
shape on fatigue fracture. In particular, they found that
high pore shape factor determined a high fatigue strength
limit [14]. In order to reduce the porosity inside the
track, good methods are powder drying treatment, incre-
ment of laser power and the use of fine powder [15].
Chan and Lee demonstrated that, when two phases with
different hardness coexist in a component, the interaction
between the two structures causes a build-up of plastic
strain in the softer phase and makes it more susceptible
to crack initiation [16].

Variable cooling rate produces a non-uniform microstruc-
ture. As an effect, different structure, grain orientation, and
lattice parameters after depositing AISI 4340 powders can
be observed [17].

Zhang et al. studied the influence of thermal history on the
microstructures and properties of a multilayer stainless steel
410 (SS410) thin wall [18].

Table 1 Chemical composition of the employed powder determined by
EDX analysis

Powder Material Ni Mo Co Ti C Fe

18 Ni (300) steel 18.8 4.2 10.2 0.88 0.02 Balance

Fig. 1 Mathematical model parameters

Fig. 2 Sketch of the cross section of a multilayer specimen
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Direct manufacturing and repairing of DLPD parts
present high difficulties, and they are still a challenging
process for industry, mainly for the selection of the opti-
mum conditions and strategies. Marage steels are used in
a wide variety of applications, including missile cases,
aircraft forgings, structural parts, bearings, transmission
shafts, dies, etc. These steels are used in aircraft and aero-
space application, in which the superior mechanical prop-
erties and weldability of marage steels are the most im-
portant characteristics. As a tool steel, marage has excel-
lent mechanical properties and stability during the age
hardening process [19].

In the literature, just a few papers can be found on the
multilayer deposition of marage steels by laser cladding tech-
nology that perform a systematic and comprehensive analysis
of marage steel powder laser deposition process. Same papers
are dedicated to the cladding of 18 Ni marage 300 steel parts
[20–26].

Moreover, there are few studies that provide numerical
or analytical method for the optimisation of the porosity
and for the reduction of the defects typically resulting
from the overlapping of layers. In fact, Shamsaei et al.,

in their overview on direct laser deposition, stated that
research for increasing the quality of DLD parts primarily
relies on a trial-and-error procedure to determine optimal
process parameters. Furthermore, optimal process param-
eters are typically determined via extensive experiments,
which usually require high experimental costs and a sig-
nificant time investment. Since many interacting process
parameters are involved, it is challenging to develop a
comprehensive and general methodology for the optimi-
sation of the direct laser deposition process [27].

In this paper, the effects of the main process parame-
ters, i.e. laser power, scanning speed, powder flow rate,
overlapping and step height, on the physical and metal-
lurgical properties of 18 Ni (300) marage steel DLPD
parts were investigated by analytical and experimental
methods.

The mathematical model, which was available from
Colaço et al., Zhang et al. and Angelastro et al., was
implemented in order to obtain an optimal degree of over-
lapping between layers and between tracks [28–30]. The
interface between the deposited marage 300 and the AISI
304 steel substrate was analysed by SEM. By means of

Table 3 W, H and D of
single track Sample W (mm) H (mm) D (%)

1 2.97 1.01 11.0

2 3.11 0.93 12.4

3 2.86 0.80 10.1

4 3.35 1.29 11.2

5 3.18 1.01 11.5

6 2.66 0.51 28.2

7 3.40 1.53 10.7

8 2.89 0.65 23.5

9 2.87 0.66 17.6

Fig. 3 Cross-sectional morphology of sample 3 produced by single-track
deposition

Table 4 Process parameters used during the multilayer manufacturing

Sample P (W) v (mm/min) Q (g/min) Sx (mm) O (%) Sz (mm)

1 1600 200 6 2.15 27.52 0.59

2 1600 300 8 2.22 28.77 0.54

3 1600 400 10 2.02 29.30 0.46

4 1750 200 8 2.48 25.92 0.77

5 1750 300 10 2.29 28.19 0.59

6 1750 400 6 1.83 31.36 0.29

7 1900 200 10 2.61 23.47 0.94

8 1900 300 6 2.01 30.68 0.37

9 1900 400 8 2.00 30.57 0.38

Table 2 Taguchi experimental plan

Sample P (W) v (mm/min) Q (g/min) Ed (J/mm2)

1 1600 200 6 240

2 1600 300 8 160

3 1600 400 10 120

4 1750 200 8 263

5 1750 300 10 175

6 1750 400 6 131

7 1900 200 10 285

8 1900 300 6 190

9 1900 400 8 143
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a Taguchi experimental plan, the properties of the
manufactured samples were analysed for what it con-
cerned the density, dilution, microstructure, adhesion to
substrate and microhardness. High-density samples, with
a satisfactory level of porosity, were fabricated by the
method proposed and tested in this work for successful
additive and part repair applications.

2 Experimental condition and procedure

2.1 Experimental setup and materials

The investigated powder had a chemical composition
equivalent to that of the 18 Ni (300) marage steel. The
composition was determined by energy-dispersive X-ray
(EDX) analysis (Table 1).

Marage steels comprise a special class of high-strength
steels that differ from conventional steels in that they are
hardened by a metallurgical reaction that does not involve
carbon. Instead, these steels were strengthened by the pre-
cipitation of intermetallic compounds at temperatures of
about 480 °C. The term marage derives from martensite
age hardening and denotes the age hardening of a low-
carbon, iron-nickel lath martensite matrix. One of the
main virtues of marage steels is their excellent
weldability. Perhaps, the characteristic that most enhances

the weldability of marage steels is that their low carbon
content produces a soft, ductile martensite on cooling.
The powder size ranged from 5 to 40 μm. The true den-
sity of the material was 8.01 g/cm3.

The substrate material was made of AISI 304 steel.
A 3-kW CO2 laser and a powder supply system consisting

of a pneumatic conveyor were used for the experiment. The
mix of the powder and the partition of the flow into three equal
flows of carrier gas and powder were achieved by a splitter
and a coaxial nozzle that directed the powder flows into the
fused metal pool.

Helium with a flow rate of 5 slpm was used as carrier gas,
while argon with a flow rate of 11 slpm was used as shielding
gas. The spot diameter was equal to 2 mm, and the substrate
was made of an 8-mm-thick plate.

In order to obtain optimised degree of overlapping between
adjacent layers and between tracks, a mathematical model was
implemented.

2.2 Mathematical model

The mathematical model was used for calculating optimal
values of hatch spacing between adjacent tracks (Sx) and
between layers (Sz) of the deposited material (Fig. 1). The
model was based on two fundamental hypotheses.

1. The deposition process was stationary: the quantity of
powder at each deposited track was identical; the cross-
sectional area of each track was uniform [29].

2. The transverse section of the deposited track was geomet-
rically assimilated to an arc of circumference of height 퐻
and width with some degree of approximation [28–30].

Moreover, for known values of W and H, it is possible to
calculate the value for the hatch spacing between adjacent

Fig. 5 Images of multilayer
samples

Fig. 4 Deposition strategy for each layer
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tracks (Sx), along the X-direction, which ensures a certain
geometric regularity of the final surface of each deposited
layer. Finally, it is possible to calculate the value of the hatch
spacing between adjacent layers of material (Sz), along the Z-
direction. This value has to guarantee an O% that maximises
the relative density of deposited tracks, a good adhesion be-
tween layers and hardness comparable with that of the original
material.

After the abovementioned hypothesis, it is possible to in-
troduce the following equation:

AABC ¼ ABDEC ¼ ABDIF ¼ H ⋅Sx ð1Þ

where AABC, ABDEC and ABDIF are the areas of specific re-
gions, as illustrated in Fig. 1.

In addition, it is possible to calculate the cross-sectional
area (mm2) with Eq. 2.
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Finally, it is possible to obtain optimal values of Sx (mm)
and of O% with Eqs. 3 and 4.
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In these equations,H (mm) is the maximum height reached
by the single track, W (mm) is the value of the maximum
width, AABC (mm2) is the area of the cross section, and O%

represents the degree of overlap between two tracks.
In order to apply these equations, it was necessary to

measure the width and the height of the preliminary track,
which was determined based on the experimental plan.

The model suggested by Angelastro et al. was used [30]. As
shown in Fig. 2, the centre of the laser spot of the first track in
even layers was displaced of Sx / 2 with respect to the first one of
odd layers, so the odd layers had one extra track with respect to

Fig. 8 Micrograph of marage (upside) and AISI 304 (downside)
interface

y = -0.69x + 3.89
R² = 0.91

0

0.5

1

1.5

2

2.5

3

3.5

4

0 0.5 1 1.5 2

W
id

th
[m

m
]

(vQ-1P-1)3/4

Fig. 7 Width as a function of (vQ−1P−1)3/4

y = 176.76x + 0.0248
R² = 0.9829

0

0.3

0.6

0.9

1.2

1.5

1.8

0 0.002 0.004 0.006 0.008 0.01

He
ig

ht
[m

m
]

P1/4Q3/4v-1

Fig. 6 Height as a function of P1/4Q3/4v−1

Table 5 Final
dimensions of multilayer
samples

Sample Real average dimension (mm)

Width Length Height

1 16.44 61.93 14.54

2 17.53 61.83 13.56

3 17.22 62.11 12.58

4 17.10 62.02 17.94

5 16.73 63.42 13.56

6 15.83 61.12 8.07

7 16.82 62.23 18.87

8 15.24 62.62 9.26

9 17.41 61.54 8.71
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even ones. The laser was focused on the intersection of the two
ideal circumferences, which is indicatedwith the letter G in Fig. 1.

After having calculated the circumference radius by Eq. 5,
it is possible to determine optimal values of the laser step
height, Sz (Eq. 6), for multilayer manufacturing.

R ¼ 1

2⋅H
W
4
þ H2

 !
ð5Þ
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2.3 Single-track deposition

For the study of single track, the variations of three parameters
were considered. They were laser power, scanning speed and
powder flow rate. A Taguchi experimental plan was used to
reduce the large number of trials required for a full factorial
design. Based on the degrees of freedom of the experiments,
an L9 orthogonal array was chosen to define the experimental
schedule. Three factors were varied on three different levels,
according to Table 2. The energy density was calculated as the
ratio between the laser power and the product between scan-
ning speed and the laser spot diameter, according to Eq. 7.

Ed ¼ P= v*dð Þ ð7Þ

Following the Taguchi plan reported in Table 2, preliminary
single tracks were deposited in order to measure the width and
the height of every clad (Table 3). Several macrosections of
these tracks were made with the purpose to measure the geo-
metrical features. Figure 3 shows a picture of sample 3, which
highlights the cross-sectional morphology of the single track.

Dilution D was the ratio between the molten area in the
base material (A2) and the molten area of the clad (A1 +

A2) (see Fig. 3). Table 3 shows also the values for dilu-
tion for all parameter combinations. The calculation of D
provides an estimation of the quality of the clad track in
the process parameters.

2.4 Multilayer fabrication

Nine multilayer samples, each one consisting of 20 layers,
were prepared by laser deposition of the marage steel
powder on the AISI 304 steel substrates. The deposition
a r ea was a r ec t ang l e whose d imens ions were
16 mm × 60 mm. The number of tracks for each layer
depended on the Sx value. Geometrical measurements of
the preliminary tracks were used to calculate Sx and Sz
according to Eqs. 3 and 6. Table 4 contains these values
together with other process parameters by which the mul-
tilayer samples were fabricated.

Figure 4 displays the deposition strategy for each layer.
Figure 5 contains some pictures of the manufactured samples.

2.5 Characterisation of samples

The cross section of samples was cut, polished and etched
for macrostructure and microstructure examinations. Nital
3 % etching was used to reveal macrostructure and micro-
structure in the deposited material. Glyceregia (15 mL

Fig. 9 Diagram of the most
important chemical species in the
transition zone (EDM analysis)
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HCl, 10 mL glycerol, 5 mL HNO3) etching solution was
also used to reveal the interface with the substrate.

Optical and electron microscopes were used to analyse
the specimen microstructure. Analysis of density and po-
rosity was conducted on these blocks. The microhardness
was measured for samples with the highest relative
density.

The average dimensions of the multilayer were measured
through a digital calliper (Table 5).

3 Results and discussion

3.1 Geometry of single track

Being capable to predict the laser track characteristics is
important as a first step to fabricate a layer-by-layer ob-
ject. The clad geometry (height and width) of each single
track changes with the parameters (P, Q, v). Figures 6
and 7 show the mathematical relationship between those
parameters and the height and width of the track. The
height of the track, reported in Table 3, respected the
proportionality with the function P1/4Q3/4v−1, which was
proposed by El Cheikh et al. (Fig. 6) [31]. A slight dif-
ference can be observed with El Cheikh et al., which can
be attributed to the experimental error and to the different
laser parameters used in both investigations. It is worthy
to note that the powder flow rate is expressed in gram
per second.

The R2 coefficient between the width of the track and
(vQ−1P−1)3/4 was equal to 0.91 (Fig. 7).

This model is able to predict the form and the geometrical
characteristics of the single laser track cross sections from the
principal laser parameters.

3.2 Adhesion and dilution

The analysis of the interface between the first deposited
layer and the substrate shows a good adhesion for all
samples (Fig. 8).

For laser cladding, it is often reported to keep dilution
to a minimum to minimise the mixing between the clad
layer and the substrate in order to maintain the properties
of the baseline material. However, if dilution is zero, there
is the risk of no fusion and bonding between cladding
material and substrate. Therefore, a dilution between 2
and 10 % is generally accepted [32]. When clad layers
do not mix, it is possible to maintain the initial properties
of the deposited material [33]. That condition corresponds
to a limited dilution. Otherwise, high dilution can allow
stronger bonding between the clad and base material and
may have beneficial effects in case of a component repa-
ration [34]. Values of percentage dilution for all combina-
tions of considered process parameters are reported in
Table 3. Dilution ranges between 10 and 28 %.

The transition zone from substrate to clad can be described
by its chemical composition. Figure 9 shows the concentration
of the most important chemical species and the length of the
transition zone for sample 3.

Fig. 11 Spherical porosity in
sample 1 (a) and 6 (b) (see
Table 2)

Fig. 12 Pores between layers for
sample 6 (a) and 7 (b) (see
Table 2)
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3.3 Density and porosity

Density was measured by weighing the samples in air
and subsequently in demineralised water, after coating
them with a lacquer (Archimedes method). The coating
prevented absorption of demineralised water by the spec-
imen during the immersion. The sample density was cal-
culated by Eq. 8.

ρs ¼
msρH2O

ms−mH2O
lþs þ ml 1−

ρH2O

ρl

� �� � ð8Þ

where ms is the mass of solid, ml is the mass of lacquer,

ρH2O is the density of demineralised water, mH2O
lþs is the

mass of coated sample in demineralised water, and ρl is
the density of the lacquer. The mass of the lacquer is
determined as the difference between sample weights be-
fore and after coating.

The effect of energy density (Ed) on relative density (Rd)
was plotted and analysed in Fig. 10.

Values of Ed ranged between 120 and 285 J/mm2. This
clearly indicates that Rd of built parts changed between
97.6 and 99.3 %. It is evident that the density was almost
constant with the increase of energy density, reaching an
average value of 98.2 %. This result confirms that the
used mathematical model, together with the reduced ex-
perimental plan, allowed obtaining high values for the
relative density with a low number of tests.

The analysis of porosity revealed different kinds of
pores/voids, depending on the combination of process
and design parameters.

First, almost circular shape geometry pores were de-
tected. They are the result of the formation of gas bubbles

that were trapped in the solidifying molten pool.
Figure 11 displays the micrograph of porosity for samples
1 and 6 (see Table 2). Porosity formation was mainly due
to material shrinkage and the balling effect [35].

Moreover, pores and voids can form due to lack of fusion
between layers. At top layers, the lack of fusion occurred due
to insufficient laser power, while closer to the substrate, they
formed due to a high heat transfer rate [36].

These pores appeared as interlayer pores, having irreg-
ular shapes. The coalescence was significantly more im-
portant at the interface between adjacent layers, which
gave an elongated appearance of the pore clusters
(Fig. 12). This kind of porosity was confined to the
substrate-clad interface. The ‘inter-run porosity’ is usually
caused by low aspect ratio [33] or lack of fusion at the
clad toe. The clad toe angle was related to the formation
of inter-run porosity (Fig. 12).

3.4 Analysis of microstructure

Figure 13 shows a micrograph of the interface of one
single clad that was deposited onto the AISI 304 sub-

a

c

b

Fig. 13 Interface of the deposited material with the AISI 304 substrate

8 µm 

Fig. 14 Close-up of the refined grain with the border precipitate

Table 6 EDX analysis
of the grain and border
grain of the AISI 304
refined zone

Element Concentration (%)

Grain Border

Si 0.82 0.76

Mo 0.59 0.59

Ti 0.14 0.22

Cr 17.90 21.03

Fe 71.58 70.30

Co 0.97 1.22

Ni 8.00 5.88
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strate. It is possible to distinguish among three zones.
Zone “a,” which corresponds to the marage solidified
clad, shows a typical columnar/dendritic grain shape,
which was due to re-solidification. Zone “b” presented
an AISI 304 refined grain, which formed after local fu-
sion, with border precipitates. Zone “c” was made of AISI
304 softly heat-affected zone whose grain size remained
that of the base material and precipitates were absent.

Figure 14 shows a SEM close-up of AISI 304 refined
zone with border grain precipitates. The thickness of the
refined zone was 8 μm. Table 6 shows the EDX analysis
of the grain and the border. The border was rich
in chrome and cobalt, while nickel was a lower
concentration.

In Fig. 15, the overlapping of the deposited tracks puts
in evidence a quite regular layer, which confirms the hy-
pothesis at the base of the mathematical model. Clad pro-
file showed the important role assumed by the re-melting
phenomenon, which occurred during the deposition of
subsequent layers.

Microstructure was the result of a complex solidifica-
tion process, which depended on the degree of constitu-
tional supercooling. The combination of very fine mar-
tensitic structures of cellular and dendritic solidification
formed the final microstructure. Solid-state transformation
occurred locally where austenite grains rapidly cool and
transform in Fe–Ni martensite with high dislocation den-
sity [37].

The grain size was refined. Micrographs in Fig. 16a–d
reveal the contemporary presence of equiassic and elon-
gated grains together with dendritic structures, as
underlined by Amine et al. [38]. This morphology was
similar to that obtained by Casalino et al. in the selective
laser melting process of the same marage steel [39]. The
different temperature gradients inside the track produced
the characteristic morphology. In particular, according to
the observation of Choi et al., the dendrites grew along a
perpendicular direction with respect to the track boundary
[40]. The growing direction of this structure points out the
direction of the heat flux during the deposition process.

Fig. 16 Microstructure of sample
8, obtained with a magnification
ratio of ×400 (a) and ×100 (b).
Microstructure of samples 2 (c)
and 1 (d) obtained with a
magnification of ×200 and ×100,
respectively

Fig. 15 Microstructure of sample
8 (a) and of sample 6 (b) obtained
with a magnification ratio of ×50
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The dendrite growth across the track surface demonstrated
a degree of re-melting of the deposited layer, which
allowed a correct binding between the deposited layers
and the feeded powder. This observation confirmed the
fitness of the selected process parameters, at least for the
early deposition layers.

No cracks were detected neither by the interface between
each deposited layer or the substrate and the first layer.

Therefore, the structural integrity and martensitic trans-
formation of this steel, which uses nickel as the primary
strengthening element, account for a high mechanical
strength with reduced ductility [41].

3.5 Microhardness

Microhardness of samples 1 and 2, which had the highest
values of relative density, was measured, at various loca-
tions along the transversal section, using a Vickers indent-
er Remet HX 1000, with a 200-gf load for 15 s.
Figures 17 and 18 show the microhardness profile along
the cross section of the multilayer samples. Average mi-
crohardness of the deposited material was approximately
347–350 HV. These values of microhardness, obtained on
as-deposited multilayer samples, are in line with typical
microhardness of the 18 Ni (300) steel after solution an-
nealing treatment, as reported in the ASM Handbook [19].

4 Conclusions

In this work, DLPD steel parts were manufactured using a
CO2 laser with a maximum power of 3 kW. In particular, 18
Ni (300) marage steel clads were deposited onto an AISI 304
substrate. A Taguchi plan was used to reduce the number of
the experiments. The effects of laser power, travel speed and
powder flow rate on the properties of built parts were studied.
A mathematical model was used for the calculus of the opti-
mal overlapping degree between adjacent layers and between
successive tracks.

The following conclusions were drawn from the outcomes
of the investigation.

& High-density parts can be produced with a limited effort
using the process parameters selected by the statistical
analysis and the mathematical model.

& Those parts are free of cracks and show a low number of
pores and voids, which otherwise are numerous in multi-
layer laser powder deposition.

& The dilution with the substrate is as low as 10 to 28 %,
which warrants the adhesion of marage to AISI 304 steel.

& The binding between the deposited layers and the feeded
powder was good inasmuch the depositing tracks caused a
superficial fusion of the previous layers, which was con-
firmed from the presence of elongated grains together with
dendritic structures in the clad.
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