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stainless steel boiler tube. Al-Si slurry deposition process was employed to prepare aluminide coatings on the inner surface of
Super304H boiler tubes used on overheater and reheater. The effects of process parameters (time and temperature) on the
structure, composition, phase composition and atomic diffusion of the coatings were studied within the scope of the heat-
treatment on steel tube. Meanwhile, a prediction model of coating microstructure was established based on the Fick’s diffusion
law. The aluminide coating had a thickness of about 30~150 um and showed good metallurgical bonding properties with the
substrate. The coating had a two-layer structure, with an outer layer of (Fe,Ni)Al(Cr) phase, Cr,Siy phases and a little Fe;Al and
IDZ of (Fe,Ni)Al phase, Cr,Siy phase, spotted M¢C phase and needle-like TCP phase. The thickness of IDZ was significantly
affected by the temperature and holding time. The thickness variation of this layer followed parabolic law with the holding time
and the temperature. Besides, an excessive temperature within the heat treatment regime of tubes could easily reduce the
thickness of outer layer. Aluminized coatings are successfully prepared on the inner surface of Super304H austenitic stainless
steel boiler tube depending Al-Si slurry deposition process on the basis of matching Super304H boiler tube heat treatment
process. A prediction model of coating microstructure control is established based on the Fick's second diffusion law. The

prediction results are in good accordance with the experimentation results and can provide a reference for preparing the coatings

with different microstructures.

KEY WORDS: boiler tube; Super304H; aluminide coating; slurry method; diffusion; process parameters
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Fig.1 Schematic diagram of the coating preparation: a) preparation flow; b) preparation device
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Tab.1 Coating preparation parameters

Samples Temperature/C Time/h
N1 1050 1
N2 1000 1
N3 950 1
N4 950 2
N5 950 4
N6 910 1
N7 910 2
N8 910 4
N9 870 4
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Fig.2 Cross-sectional morphologies and line scanning of the aluminide coating
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Fig.3 Cross-sectional morphologies of N3 (a), N4 (b) and N5 (c¢) samples for different holding time
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Tab.2 EDS results for aluminide coatings of N3, N4 and N5 samples

Element content/wt.%

Specimen Coating Main phases
Fe Al Si Cr Ni

N3 Outer layer 51.55 25.44 6.53 9.81 6.67 (Fe,Ni)AI(Cr)+Cr,Siy

IDZ 64.04 5.11 1.65 22.44 6.76 (Fe,Ni)Al+Fe+Cr,Siy+AIN+M(C
N4 Outer layer 50.99 24.80 6.74 9.69 7.78 (Fe,Ni)AI(Cr)+Cr,Siy

1DZ 64.13 5.35 1.42 22.02 7.08 (Fe,Ni)Al+Fe+Cr,Siy+AIN+M:C
NS Outer layer 52.90 21.97 6.31 9.92 8.90 (Fe,Ni)Al(Cr)+Fe;Al+Cr,Siy

IDZ 62.13 6.84 1.68 22.22 7.13 (Fe,Ni)Al+Fe+Cr,Siy+AIN+M(C
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Fig.4 XRD patterns for aluminide coatings of N3, N4 and
NS5 samples for different holding time
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Fig.5 Cross-sectional morphologies of N6, N3, N2 and N1 samples at different deposition temperature
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Tab.3 EDS results for aluminide coatings of N6, N3, N2 and N1 samples

Element content/wt.%

Specimen Coating Main phases
Fe Al Si Cr Ni

N6 Outer layer 47.59 30.76 7.42 8.43 5.89 (Fe,Ni)AI(Cr)+Cr,Siy

IDZ 63.97 6.47 1.82 21.76 5.98 (Fe,Ni)Al+Fe+Cr,Siy+AIN+MC
N3 Outer layer 51.55 25.44 6.53 9.81 6.67 (Fe,Ni)AI(Cr)+Cr,Siy

IDZ 64.04 5.11 1.65 22.44 6.76 (Fe,Ni)Al+Fe+Cr,Siy+AIN+M,C
. Outer layer 55.47 14.01 4.56 11.38 14.58 (Fe,Ni)AI(Cr)+Cr,Siy

IDZ 66.36 4.04 1.57 21.22 6.81 (Fe,Ni)Al+Fe+Cr,Si,+AIN+M,C
N1 Outer layer 45.44 20.13 1.28 9.76 23.39 (Fe,Ni)Al(Cr)+Fe;Al+Cr,Siy

IDZ 63.83 6.76 2.34 20.61 6.46 (Fe,Ni)Al+Fe+Cr,Siy+AIN+M,C
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Fig.6 XRD patterns for aluminide coatings of N6, N3, N2 and
N1 tubes at different deposition temperature
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