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Abstract: The study involves in-situ synthesis of CrFeAlTi composite coating using laser micro-melt-
ing processing. The coating was successfully prepared by laser irradiating CrFeAlTi coating prepared
by flame spraying on the China low activation martensitic (CLAM) steel substrate, and then Al O;-
TiO, composite ceramic coating was synthesized by in-situ reaction on the surface of flame sprayed
coating. The coating morphology, microstructure , phase composition, micro-hardness, dry sliding
wear properties and corrosion resistance in liquid PbBi alloy were analyzed by stereomicroscope, scan-
ning electron microscope (SEM), transmission electron microscope ( TEM), X-ray diffraction
(XRD), micro-sclerometer, vertical universal friction wear testing machine and static PbBi corrosion
test device, respectively. The test results show that the surface of Al,O,-TiO, composite ceramic
coating is smooth, and the microstructure of coating is both homogeneous and dense without defects
such as crack, dimple and porosity, etc. » a good metallurgical bonding between the composite ceramic
coating and the substrate, and the interface is obvious. The phases of the coating surface are mainly
composed of Al,O;, TiO,, (Al 948Cr. 052),0;, Fe, TiO; and FeCr, etc. The coating shows a high
average micro-hardness of approximately 1864. 2HV, , , which is about three times higher than that of
the CLAM steel substrate, and presents gradient distribution with stable transition from the coating
surface to the substrate. Comparing with the substrate, the coating presents excellent wear resist-
ance. The wear mass loss of the coating is just one sixth of that of the substrate. Meanwhile, the
coating exhibits the best corrosion resistance in the liquid PbBi.

Key words: flame spraying;laser in-situ synthesis technology; Al, O;-Ti0O, composite ceramic coating;

microstructure; property
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Fig. 3 Cross-sectional morphologies of the Al;O;-TiO; composite coating

(a)overall cross-section morphology of the coating;

(b)microstructure morphology of top coating zone; (¢) microstructure morphology of middle coating zone;

(d)microstructure morphology of bonding interface between bottom coating and substrate
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TEM images of Al;03;-TiO; composite ceramic coating

(a) high-magnification TEM micrograph of composite ceramic coating

(b),(c)»(d) HRTEM micrographs of A region, B region and C region ,respectively
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Table 1 Correlation table of standard Gibbs free energy (T=1800K)
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Fig. 6 X-ray diffraction pattern of the composite ceramic coating
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Fig. 7 Cross section micro-hardness distribution of the

Al; O3-TiO, composite ceramic coating
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Fig. 10 SEM images of the corrosive CLAM substrate(a) and Al;O3;-TiO; composite ceramic coating samples(b)
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CLAM Vv
Area

Pb Bi Pb Bi
A 1.09 — 2.21 —
B 0.79 — 0.77 —
C 0.71 — — —
D 0.67 —
E 0.29 —
F — —
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Fig. 11 Diffusion depth of Pb in the samples with different
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