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ABSTRACT: To improve the high-temperature oxidation resistance, the doping of Reactive Element (RE) and physical field
are used to treat the surface of IN718 alloy, since the aerospace field has higher requirements for its high-temperature oxidation
resistance. In this experiment, the IN718-Hf coating was fabricated on IN718 alloy by ultrasonic vibration-assisted laser
cladding. The microstructure evolution and oxidation behavior of multiple coatings at 800 ‘C for 100 h were investigated. The
microstructure, morphologies of oxide film, elemental distribution, and phase composition were studied by scanning electron
microscopy (SEM), electron probe microanalyzer (EPMA), and X-ray diffractometer (XRD). The results indicated that the scale
thickness of the IN718-0.3wt.% Hf coating was the thinnest and the oxide film was the most uniform among the coatings with
different Hf contents (0, 0.3wt.%, 0.6wt.%, 0.9wt.%). With higher Hf content, more HfO, was generated in the oxide scale,
resulting in higher scale thickness and slight scale peeling. The excessive formation of HfO, particles allowed rapid inward
transport of oxygen, leading to an increase in the thickness of the oxide film. The high chemical activity of Hf made it easy to
react with other elements and form new compounds in the molten pool, thereby increasing the number of nucleating particles
during solidification and refining the microstructure of the coatings. The application of ultrasonic vibration increased the degree
of supercooling of the molten pool, and at the same time broke the coarse columnar dendrites in the molten pool to further
achieve grain refinement. The grain refinement was conducive to the formation of a more dense and uniform oxide layer,
thereby improving the high-temperature oxidation resistance of the IN718 cladding layer. The oxide layer had a double-layer
structure. The outer layer was MnCr,0,, and the inner layer was Cr,Os;. The doping of Hf element and the application of
ultrasonic vibration promoted the preferential formation of MnCr,0O, spinel oxide and Cr,0Os. During this oxidation process, Hf
prevented the outward diffusion of cations, but it did not prevent anions from diffusing inward. As a result, the growth of the
oxide film changed from the outward diffusion of Cr’" to the inward diffusion of 0>, which decreased the oxide film growth
rate. Ultrasonic vibration further refined the microstructure of the coatings and induced a more uniform distribution of elements.
It also increased the grain boundary density of the coating surface. Increased grain boundary density led to faster diffusion of
Cr*"in the coatings. Consequently, a stable, continuous, and compact Cr,O3 oxide film was formed over a short time. At the
same time, the oxide nodules formed on the surface of the oxide film were more uniform and finer. Compared with the IN718
coating, the oxidation weight gain (0.349 mg/cm®) and oxidation rate constant (1.21x107 mg”cm™h™") of the ultrasonic
vibration-assisted IN718-Hf coating were reduced by 46% and 69% respectively. The doping of Hf element and the application
of ultrasonic vibration promote grain refinement, improve the high-temperature oxidation resistance, and expand the application
of the IN718 alloy in the aerospace field.

KEY WORDS: laser technology; ultrasonic vibration; nickel-based superalloy; Hf; microstructure; high-temperature oxidation
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Fig.1 SEM images of the powders: a) IN718; b) Hf; c) composite powder

F1 IN718 & 70 IN718 AR FHK
Tab.1 Chemical composition of the IN718 alloy and IN718 powder

wt.%
Elements Ni Cr Mo Si Nb Ti Al Fe
IN718 substrate 53.00 18.50 3.00 0.35 5.00 0.66 0.35 Bal.
IN718 powder 52.30 19.01 3.06 0.35 5.07 1.00 0.57 Bal.
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Fig.2 Laser cladding equipment: a) main view; b) right view
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Tab.2 Processing parametersfor laser cladding

Laser Scanning Powder Shielding Ultrasonic
power/  speed/ Overlap feeding gas flow/ frequency/
. 1, rate/%  rate/ !

W  (mm-min ) (g'min’) (L'min") kHz
1 000 500 50 10 10 23.2
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Fig.3 Cross-sectional morphology of the oxide films on coatings with different Hf contents
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Fig.4 SEM images of the three coatings: a) coating S1; b) coating S2; c) coating S3
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Fig.8 XRD patterns of the three coatings after oxidation experiments at different scanning speed
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