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Laser cladding is one of the most useful surface en-
gineering technologies for its special advantages and
is extensively used in surface modification of metal-
lic materials [1]. A glance at the recent literature on
laser surface processing shows increased interest in de-
positing composite coatings containing various volume
fractions of hard particles. The substrate materials in-
cluded carbon and alloy steels, aluminum alloys, and
titanium alloys [2–5]. The coating materials included
Fe-base, Ni-base, Co-base alloys with various ceramic
powders of WC, TiC, SiC [6–10], etc. In all of ceramic
particles, TiC has high hardness, modulus and rather
high flexural strength; hence, it is widely used as the
reinforced phase of composite materials [11].

Up till now, the majority of reinforced phases are di-
rectly added into coating materials. It is unavoidable
that crack may propagate from the interface between
the reinforcement and the matrix when the surface of
particles is not clean or is polluted. In the recent decade,
a novel approach, in-situ composite method, has been
extensively studied to produce composite materials, by
which the interface problem could be avoided [12].
Previous work by the present authors has shown that
an in-situ TiC particulate-reinforced, nickel-based, al-
loy composite coating could be produced by laser sur-
face remelting a mixture of nickel based alloy, graphite
and titanium preplaced on carbon steel, which ex-
hibited very high microhardness [13] (the maximum
HV0.2850). But there exist some limits during actual
application for preplaced coating, such as uniformity
of the thickness, coating efficiency, and the shape of
the component.

In recent years, co-axial laser cladding technique has
gained extensive application in laser surface modifica-
tion [13] and in rapid tooling production [14], because
it is much more flexible and convenient than that of
the traditional laser cladding technique, and much eas-
ier to be realized automatization. So the present study
aims at investigating the feasibility of in-situ synthe-
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sizing a TiC dispersedly reinforced nickel-based alloy
composite layer on AISI1045 steel by powder feeding
laser cladding. The microstructure characteristics and
the property of coating layer have been studied.

The substrate was AISI1045 steel, whose nominal
chemical composition in wt.% was: 0.42–0.52 C, 0.17–
0.37 Si, 0.35–0.65 Mn, Ni < 0.25, Cr < 0.25, P < 0.04,
S < 0.04, balance Fe. The rectangular specimens of
60 × 15 × 15 mm were cut from alloy plate, and the
cladded surfaces were ground to a surface finish of
Ra = 0.2 mm. All specimens were rinsed with ethanol
followed by acetone prior to laser cladding. The pow-
der mixtures of the coating alloy were prepared from
pure titanium (99.7 wt%, 200 mesh), graphite coated
with nickel (180 mesh, 25 wt.%C) and self-fluxing Ni-
Cr-B-Si-C powders (200 mesh) in a fixed ratio. The
amount of titanium and graphite was 15 wt.%, and the
ratio of titanium to graphite powder corresponded to
that of stoichiometric TiC. The composition of nickel-
based alloy powder is listed in Table I. GaF2 powder
was used as flux and was mixed with the other alloy
powders at a ratio of 5 wt.%.

Laser cladding was conducted with a PRC-3000 con-
tinuous wave CO2 laser with a TH-1 powder feeding
system and a coaxial nozzle. The laser output power
varied between 1.4 and 1.9 kW, the laser beam scanning
velocity was from 3 to 10 mm/s, the powder feeding rate
was 3.26 g/min, and the diameter of the laser beam spot
was fixed at 3 mm. In order to prevent the melted pool
from heavy oxidation, high-purity argon gas was used
as shielding gas through the coaxial nozzle at 6 l/min.
Fig. 1 is the schematic diagram of the powder feeding
laser cladding system.

Phase identification was carried out on a Rigaku D-
MAX X-ray diffractometer (XRD) with CuKa radiation
operating at 40 kV and 120 mA, and the XRD speci-
mens were cut parallel the scanning direction from the
top surface of the coating. Microstructural characteriza-
tion of the coating was performed with a NEOPHOT32
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TABLE I Composition (wt.%) of nickel-based alloy

Elements

C 0.5–1.1
Si 3.5–5.5
B 3.0–4.5
Cr 15–20
Fe <17.0
Ni Bal.

Figure 1 Schematic diagram of coaxial powder feeding laser cladding
system.

optical microscope and JSM-6301F scanning electron
microscope equipped with a Link ISIS6566 facility
for energy-dispersive spectroscopy (EDS) to charac-
terize the elemental distribution in a semiquantitative
manner. Metallographic specimens from the transverse
cross-section of the cladding track were carefully pre-
pared using the standard metallographic techniques.
The etching agent was a mixture of 10 ml HF and 90
ml HNO3. Microhardness distribution in the coatings
was measured with a load of 200 g by using a HX-200
microsclerometer.

Fig. 2 is a typical micrograph of the macro-shape of
the laser cladding coating from transverse cross section.
It can be found that there existed an excellent metallur-
gical bond between the coating and the substrate, and
no cracks. However, there existed some pores or holes,
which was a general phenomenon during powder feed-
ing laser cladding, and caused by the engulfed gas dur-
ing powder feeding and unmelted powder; but under

Figure 2 Typical macrograph of the coating layer.

Figure 3 XRD spectrum of the coating layer.

optimal processing parameters, a sound coating can be
obtained. Becuase the laser beam was not coaxial with
the nozzle, the coating layer was asymmetrical. Also
because there always existed some unmelted powder,
which was pasted on the surface of the coating layer,
the surface of coating layer was rough. However, the
surface quality could be modified after laser surface
remelting.

Fig. 3 shows the XRD spectrum of the coating layer.
Owing to the interplanar distances corresponding to
diffraction peaks of possible phases in the coating were
close to each other, and non-equilibrium effects of the
rapid remelting and solidification in laser cladding re-
sulted in an extension of saturation and distortion of the
lattices, it was difficult to identify the phases present
in the coating. However, by comparing and analyzing,
it can be found that the cladding coating was mainly
composed of γ -Ni, TiC, CrB, M23C6 and TiB2, which
means that the TiC particles can be formed in-situ.

Fig. 4 shows the representative microstructures from
transverse section of the coating layer at a scanning ve-
locity of 3 mm/s, 1.5 kW output power, and 3.26 g/min
powder feeding rate. Owing to the planar growth in the
bottom of the molten pool [16], there existed a white
band between coating and substrate (see Fig. 4a), which
ensured the excellent metallurgical bond between the
coating and the substrate. With the increase of distance
from the bottom of the coating, the solidification rate
rapidly increased and the temperature gradient rapidly
decreased, which led the microstructure to change into
cellular/dendrite (Fig. 4a, b). The microstructure of the
coating layer was composed of γ -Ni dendrite, interden-
dritic eutectic (γ -Ni and M23C6), TiC particles, and a
small amount of CrB and TiB2. Because the coating
was produced by multi-layer laser cladding (three lay-
ers), the microstructure was repeatedly heated; there
existed a large quantity of in-situ formed TiC parti-
cles in the bottom of the coating, while only a small
amount of TiC particles was present in the bottom of
the coatings when using preplaced coating technology
[13]. TiC particles with a diameter of about 2 µm were
dispersed in the γ -Ni matrix or interdendritic regions.
In the middle of the coating, TiC showed a flower-like
shape (see Fig. 4c), which was due to the in-situ reac-
tion between graphite and titanium not being finished
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Figure 4 Microstructure of the laser cladding layer. (a) Bottom, (b) local magnification of (a), (c) middle, (d) top of cladding layer.

completely. However, there was no longer un-reacted
graphite coated with nickel in the upper section of the
coating when the coating was remelted once again using
the same processing parameters without powder feed-
ing. TiC particles became much larger, and the maxi-
mum size of TiC particles was more than 7 µm (see
Fig. 4d). The constituents of the particles in Fig. 4 are
shown in Table II, which further confirms that the par-
ticles are mainly composed of Ti and C, and the ratio
of Ti and C element is nearly 1.

Fig. 5 shows a typical microhardness profile of the
coating. Microhardness within the coating gradually
decreased from the top surface to the bottom; the max-
imum value could reach HV0.2 1100, which was 4.5
times larger than that of the substrate. It is noted that
there was no sudden transition from the coating to the
substrate in the hardness, which indicated an absence
of a sharp demarcation in material properties across the

TABL E I I Composition of the particles in Fig. 4

Elements At.% Wt.%

C 40.16 14.35
Ti 55.68 79.32
Si 0.37 0.31
Cr 2.91 4.50
Fe 0.06 0.10
Ni 0.82 1.43
Total 100.00 100.00

Figure 5 Microhardness distribution within the coating.

interface. However, there existed a fluctuation of micro-
hardness between layers, the main reason was that there
were less TiC particles below every layer.

In conclusion, a nickel-based alloy composite coat-
ing reinforced with TiC particles has been success-
fully prepared on AISI1045 steel by powder feed-
ing laser cladding. The dispersed TiC particles could
be introduced by in-situ reacting on of titanium and
graphite during laser processing, instead of TiC par-
ticles being added into the molten pool directly. An
excellent metallurgical bond between the coating and
the substrate was obtained. The microstructure of the
coating was composed of γ -Ni, TiC, CrB, M23C6
and TiB2, TiC particles dispersed in γ -Ni dendrite
or interdendritic. The microhardness of the coating
showed variation in gradient; the maximum value was
HV0.21100.
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