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Phase transitions in Nb rich coating produced by laser alloying: a
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Abstract

A great variety of studies have been performed in order to develop new materials with high performance in many adverse
conditions such as wear and corrosive environment coupled with high temperatures and high stress levels. A strong scientific and
technical effort is currently dedicated to develop wear and corrosion resistant surfaces to provide components having good
behavior in such extreme working conditions, we have chosen laser alloying and prepared Nb rich coatings upon a nodular cast
iron microstructure. The new tailored material is in fact a composite having a very hard coating covering a traditional iron base
material. If the material is submitted for thermal cycling, it is imperative to know the phase transformations during heating/cool-
ing cycles, as well as, during long periods of permanence at high temperatures. According to these guidelines, we performed an
X-ray diffraction (XRD) study using the XRD beam line of the National Synchrotron Light Laboratory (LNLS, Brazil). The
analysis of the XRD pattern indicates the presence of niobium and niobium carbides (Nb, NbC, Nb2C) from room temperature
up to 750 °C. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Laser treatment technologies have been widely used
to modify superficial layers of different materials. In
general, the aim of these treatments is to provide spe-
cific properties, such as, hardness and corrosion resis-
tance, or to develop new surfaces by means of cladding
and/or alloying techniques. The laser alloying technique
is based on the principle of mixing an alloying element
in the melted pool of the substrate created by the laser
beam at the surface.

Laser surface engineering offers several advantages
over other surface-modification techniques. The most
important one arises from the fact that laser-surface
modification is a non-equilibrium synthesis method in-
volving high cooling rates (103–108 k s−1) which pro-

duce metastable phases by exceeding the solid-solubility
limit beyond the equilibrium phase diagram; supersatu-
ration increases due to nonequilibrium solidification.
This leads to the development of a wide variety of
microstructure with novel properties that can not be
produced by any conventional processing technique [1].

In this work we prepare Nb rich coatings according
to the laser alloying technique using cast iron as sub-
strate material. Cast iron was chosen because it repre-
sents an interesting class of engineering material due to
its structural performance, complete process under-
standing and attractive price. On the other hand, dur-
ing melting of a thin superficial layer cast iron, carbon
from its graphite nodules is available to combine with
Nb. This is a novel technique to obtain niobium car-
bides at high temperature through a solid–liquid reac-
tion. The other methods reported in the literature are
related to the use of powder mixture submitted to
heating or reduction of solid reactants followed by
carburization [2].
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The alloying treatment was executed by melting, with
a CO2 laser, a pre-placed Nb powder bed on the cast
iron substrates, providing surfaces with very significant
increase in hardness as a consequence of a large pro-
portion of niobium carbides formed ‘in situ’. Thus, a
new experimental method for the synthesis of carbides
is proposed. A rich carbide material is expected to have
a good performance at high temperatures. This implies
that the material should have a high performance mi-
crostructure capable to resist thermal cycles among
others constraints.

The surface-modified samples were submitted to an
‘in situ’ X-ray diffraction (XRD) analysis under con-
trolled high temperature and atmosphere. The proper
experimental conditions were achieved using a furnace
installed at XRD LNLS workstation. Basically, the
experimental setup allows the determination of a series
of X-ray patterns during heating and cooling processes.
The use of a very intense X-ray beam, such as those
provided by a synchrotron source, is useful for this type
of experiment in order to obtain a series of good
quality diffraction patterns within a reasonable period
of time.

The main purpose of this work were to characterize
the crystalline phases and to determine microstructural
changes in a laser Nb alloyed coating during heating in
the range 600–750 °C. Information arising from this
XRD analysis may contribute to the understanding of
the high temperature behavior of the material.

2. Experimental setups

Samples of cast iron were laser—alloyed with nio-
bium. The experiments were performed using a CW 3
kW CO2 laser working at 2.0 kW. The laser beam
scanning speed was 5 mm s−1 and the overlapping
between consecutive tracks 30%. The spot diameter was
2.5 mm and the corresponding track width 1.75 mm.
The alloying treatment was conducted by melting a
pre-placed commercially available Nb powder bed on
the cast iron substrates. During the laser treatment the
melted pool was protected with argon so that oxidation
reactions could be avoided or strongly reduced. To
homogenize the chemical composition and to minimize
possible defects such as porosity and undissolved pow-
der particles, the surfaces were re-melted using the same
previous laser processing parameters. The chemical
composition (wt.%—standardless EDS) of the com-
posite material was 2.4%Si; 0.35%Mn; 0.07%Cr;
3.25%C and 94.93%Fe for the substrate and 1.38%Si;
0.35%Mn; 0.07%Cr; 25%Nb and 73.2%Fe for the layer.
Niobium alloys with very high content in Nb like this
are not yet reported in the literature.

The experiments were conducted at the XRD syn-
chrotron beam line of LNLS using a furnace placed in
the center of a cylindrical camera to maintain the
sample at a constant temperature during data collec-
tion. A monochromatic beam with a wavelength �=
1.388 A� was used. The XRD patterns were recorded by
means of an imaging plate.

Two sets of XRD measurements were carried out.
The first set corresponds to samples heated up to a 600
or 750 °C and maintained at this temperature during
data acquisition (30 min). In the second set the sample
was maintained at high temperatures (600 and 750 °C)
during more than 3 h. This annealing was performed in
order to detect eventual structural modifications. The
spectra were registered after different time intervals. In
both cases the heating rate was 70 °C min−1 and the
atmosphere inside the furnace was fed by a continuous
N2 flux in order to avoid oxidation of the analyzed
material surfaces. The sample studied was a disc 18 mm
in diameter and 3 mm thick. The main features of
experimental set up are shown in Figs. 1 and 2.

3. Results and discussions

Several sequential XRD spectra are presented in Fig.
3(a and b). There is a clear modification in the mi-
crostructure as revealed by the additional Bragg peaks
appearing at high temperatures. The main phases
present in the reference state (a laser alloyed coating
sample at room temperature) were identified as being
Nb and NbC. The monocarbide, NbC, is a chemically
and thermodynamically stable phase within a wideFig. 1. High temperature XRD set up at LNLS (Campinas—Brazil).
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Fig. 2. Experimental laser alloying set up at Laser Materials Process-
ing Laboratory at Lisbon, Portugal. (1) Powder injector; (2) fine
adjustment screw; (3) laminar gas flow for lens protection; (4) nozzle;
(5) servo-controlled X–Y table; (6) sample to be treated.

composition range of the Nb–C equilibrium phase
diagram [3,4].

Four spectra were registered at 600 °C every 30 min
in order to detect changes in microstructural arrange-
ment. The patterns plotted in Fig. 3a correspond to the
structural evolution of the niobium rich layer at 600 °C
compared with the spectrum recorded at room tempera-
ture. As one can see, a few new Bragg peaks have
appeared in all spectra at 600 °C. They indicate the
formation of an additional Nb2C phase. The overall
aspect of these spectra also demonstrates that these
transitions are time independent at 600 °C or have a
negligible time dependence during the period of the
experiment. No evidence of time-independence phase
transition was present in the spectra obtained during
the heating up to 600 °C.

A similar study was conducted on another sample
held at 750 °C (Fig. 3b). At this temperature Nb2C
phase is also formed and its amount remains constant
as shown by the invariance of the spectra plotted in
Fig. 3b. Two sequential patterns obtained at 750 °C do
not reveal any increase in the amount of Nb2C phase in
the sample held during 75 min at 750 °C. The two
spectra recorded at 750 °C show the same essential
features as those obtained at 600 °C. The detectable
change is a slight positive shift of peak positions due to
a thermal expansion effect.

These results suggest that by heating the surface
layer, a transformation toward a more stable structure
containing an additional Nb2C phase occurs during a
treatment in the temperature range around 600–
750 °C. At these temperatures the transformation is
very fast, probably occurring within a few minutes of
isothermal treatment. Once formed, this phase is stable
and remains unchanged during long isothermal treat-
ments at the above mentioned temperatures.

On the other hand, a microstructural study per-
formed by scanning electron microscopy (SEM) (Fig.
4a and b) has revealed a coarse structure formed by
very large white grains (HV�700) immersed in a dark
hard matrix (1100�HV�1600). The white grains are,
in fact, large clusters of precursor niobium pure parti-
cles surrounded by a Fe–C–Nb gray matrix. These
large clusters occupy around 35% of the microstructure.
Their mean hardness is 700HV. The very short time of
interaction of the melted substrate with Nb grains does
not allow a complete dissolution due to the high melt-
ing point of niobium in spite of the subsequent laser
re-melting treatment. The partial dissolution of these
grains into a liquid alloy rich in iron and carbon during
laser melting forms a very hard matrix in which nio-
bium carbides are the main constituents as revealed by
XRD. The matrix involving the clusters, appearing as a
black matrix, attain very high hardness values, 1100�
HV�1600.

Fig. 3. XRD patterns at 600 °C (a) and 750 °C (b). The pattern
corresponding to the sample at room temperature (R.T.) is also
plotted for comparison.
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Fig. 4. Scanning electron micrographies of Nb rich layer before and
after heating cycle.

Fig. 4(a and b). Very little changes in hardness were
detected confirming the overall stability of the coating.

4. Conclusions

Laser alloying is a technique well adapted to produce
hard coatings but, when the alloying element has a very
high melt point, undissolved particles may be present in
the final microstructure.

Niobium carbides can be obtained, in situ, by laser
alloying Nb powder to a substrate having carbon in
excess dispersed in the microstructure as graphite nod-
ules in cast iron.

XRD results indicate the presence of a structural
transformation of the alloy heated up to at 600 or
750 °C. This structure change consists of the fast for-
mation of an additional Nb2C phase. Once formed, this
phase is stable and remains, unchanged during long
isothermal treatments at the above mentioned tempera-
tures.

Niobium alloys with very high content in Nb seem to
have microstructural stability at high temperature.

The structural transformations detected by XRD do
not produce any microstructural change observable by
SEM.
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The effect of this arrangement on the wear behavior
of these surfaces was experimentally demonstrate by
erosion and abrasion tests [5]. Microstructures like this
resist very well when submitted to wear tests. As a
consequence the overall behavior of this niobium coat-
ing is better than that of chromium alloying as revealed
by [5] when dry erosion and abrasion tests were
performed.

Microscopy images of the same samples after the
heating cycle showed a microstructure very similar to
the initial one. The close resemblance between the two
microstructures (before and after cycling) is apparent in
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