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EFFECT OF THE FRACTIONAL COMPOSITION OF FILLER POWDER
AND PARAMETERS OF LASER COAXIAL SURFACING

ON FORMATION OF BEADS
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An experimental study of the morphology of particles of a filler powder and of the characteristics of beads
produced by laser gas-powder surfacing is performed. The main laws of formation of bead in the course of la-
ser surfacing are determined. The optimum modes of deposition onto a substrate from steel 09G2S are sug-

gested.
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INTRODUCTION

Laser surfacing is an advanced process of deposition of
high-quality coatings and formation of bulk elements on the
surface of articles. The essence of the method is heating (or
partial fusion) of the substrate by laser radiation. The filler
powder transported by a gas jet is fed to the heated spot. The
gas-powder jet may be fed to a side with respect to the laser
beam or symmetrically to all the sides by coaxial deposition
(by a focused cone). Given that the laser power, the speed of
motion of the laser spot, and the speed of feeding of the pow-
der have been chosen appropriately, the surfaced material
mixes with the material of the substrate.

To obtain a quality article by the method of laser
gas-powder surfacing we should conduct a series of tests for
determining its optimum mode. Since every experimental fa-
cility has distinctive features, there are no universal parame-
ters providing quality of the deposition. In addition, the pro-
perties of the coating depend primarily on the properties of
the filler material [1, 2]. This makes it necessary to analyze
the shapes and sizes of the powder particles for obtaining a
quality coating. Parts with such coatings have a much longer
service life than those from mono-materials.
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Thus, determination of optimum surfacing parameters
and analysis of the filler material and of coatings based on it
presents great practical interest.

The aim of the present work was to study the laws of for-
mation of bead in the process of laser deposition, to estimate
the influence of the sizes of particles of the filler material on
the properties of the coatings obtained, and to determine op-
timum modes of surfacing a substrate from steel 09G2S.

METHODS OF STUDY

We studied the microstructure of the powder particles
and of the deposited coating using an Auriga CrossBeam
workstation (Carl Zeiss) with an INCA X-Max attachment
for local x-ray spectrum energy dispersive microanalysis
(Oxford, Great Britain).

To obtain color images of the specimens we used an
Axio Imager Carl Zeiss optical microscope equipped with
special Minitab (ver. 16) software for measuring particle di-
ameters. To study the structure, the microsections were sub-
jected to chemical etching in a 5% solution of nitric acid in
ethyl alcohol. We used a Mastersizer 3000 laser diffraction
analyzer (Malvern) with Aero S automatic module for dis-
persing and feeding the powder. Fractionation of the powder
was performed with the help of a Haver & Boecker screening
device with a set of analytical screens with 80- and 112-pm
meshes.
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Fig. 1. Electron microscope image of particles of a Sulzer Metco powder in back-scattered (a, b ) and
secondary scattered (c, d ) electrons.

We used a LASER CLAD 10 R60 module (IPG Photo-
nics) for laser surfacing, which was equipped with a fiber la-
ser with a power of 6 kW for depositing the coatings and for
gas-powder surfacing. The modes of the deposition were
chosen experimentally and will be described below.

RESULTS AND DISCUSSION

Initial Filler Material

Figure la and b present electron microscope images of
microparticles of the powder produced by the Sulzer Metco
Company. It can be seen that the particles have a regular
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spherical shape without cakes. Most of the particles have this
shape, which is well observable in the electron microscope
images in secondary scattered electrons (Fig. 1¢ and d). His-
tograms of the size distribution of the particles obtained by
independent methods are given in Fig. 2. Analyzing the re-
sults of the study we established that the majority of the pow-
der particles produced by Sulzer Metco were homogeneous
in shape and size; their average diameter was 97 = 12 pm.
To determine the effect of the fractional composition of
the powder on the quality of the deposited beads we prepared
three fractions (65, 95 and 130 pum) from the initial Sulzer
Metco powder. By the data of the energy dispersive spectrum
microanalysis, the composition of the filler powder was as
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Fig. 2. Histograms of the size distribution of particles obtained by image analysis (@) and by laser diffraction analysis (b ).
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Fig. 3. Cross section of a bead deposited at P=3.3 kW,
v =15 mm/sec, F =39 g/min.

follows (in wt.%): 0.4 C, 6.7 Cr, 1.8 Fe, 4.7 Si, 1.2 Al, the re-
mainder Ni. Such powders are often used for creating refrac-
tory wear-resistant coatings.

Effect of the Parameters of Laser Gas-Powder Surfacing
on the Bead Shape

We performed a series of tests for determining the opti-
mum parameters of laser gas-powder deposition of Sulzer
Metco nickel powder onto a steel substrate. The main task
was to determine the relation between the shape of the de-
posited bead on the laser radiation power, the speed of dis-
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placement of the laser spot, and the granulometric composi-
tion of the powder. We obtained a series of single beads and
analyzed their shapes and the mixing factor. Similar experi-
ments have been performed by the authors of [3] with the
aim of choosing modes of coaxial deposition of an iron-base
powder.

Analyzing the shape of the deposited beads we deter-
mined their height A, width L, depth of fusion penetration in
the substrate £, area of the deposited layer S;, and area of the
remelted matrix metal S, (Fig. 3). The mixing factors K and
the shapes of the bead D were evaluated as follows:

K=E; D=7Sm .
L Sm+S

We established that the optimum power of laser radiation
was 3 = 0.3 kW (Fig. 4a and b). After laser surfacing at such
radiation power the bead had a symmetrical shape and a low
mixing factor.

Analysis of the effect of the speed of the deposition on
the bead shapes showed that at a speed of 15 mm/s the pro-
portions of the mixing factor and of the shape of the bead
were optimum (Fig. 4c and d).

It should be noted that we have not investigated the in-
fluence of the flow rate of the powder on the shapes of the
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Fig. 4. Dependence of the height / and length L of the bead (a, ¢), of the mixing factor K and the shape of the bead D
(b, d) on the power of laser radiation P (a, b ) and on the speed of displacement of laser spot (¢, d).
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Fig. 5. Roughness of deposited beads (Ra and Rz ) as a function of
the size of fractions of the filler powder: /) 65 um; 2) 95 um;
3) 130 pum.

beads. In all the tests, the flow rate of the powder
F =39 g/min. This value had been determined earlier expe-
rimentally as an optimum one.

Studying the effect of the fractional makeup of the pow-
der on the shape of the beads we established that the size of
the powder particles affected directly the roughness of the ar-
ticles (Fig. 5). Thus, to obtain a surface with minimum
roughness the powder should be fine-grained. We did not de-
tect substantial changes in the shapes of the beads. The re-
sults obtained agree well with the data of [4], where the in-
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fluence of the size of the powder particles on the efficiency
of the deposition process, on the porosity of the coating, and
on the quality of the part have been studied in detail.

CONCLUSIONS

We have analyzed the morphology of a nickel-based
filler powder and chosen modes for laser gas-powder deposi-
tion of coatings onto a substrate from steel 09G2S. We estab-
lished that the shape and the size of the deposited bead are af-
fected substantially by the speed of the surfacing and by the
power of the laser radiation. The effect of the fractional
makeup of the powder onto the shape and size of the bead is
minimal.
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