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SUMMARY

This paper is investigated the microhardness, density, porosity, adhesive
strength, tensile strength and fatigue strength of carbon steel S45C with
flame sprayed coating layers of Ni-45%Al (under-coating) and TiO>
(top-coating). To study the mechanical and fatigue strengths of the ceramic
coating steel, rotary bending fatigue tests have.been conducted at room
temperature in air and 3% NaCl solution. .

The obtained results are summarized as follows ;

1) The maximum value of microhardness was obtained at 150mm spraying
distance, for under-coating specimen and at 70mm spraying distance for
top-coating one, respectively, at 800TC heat treatment. The tensile strength of

the ceramic coating steel is dependent on only the strength of substrate.

2) Fatigue strengths of the ceramic coating steel in air are decided by
strengths of substrate. However, the fatigue strengths can increase by
plastic deformation of substrate surface due to blasting and flame spray

temperature.

3) The corrosion fatigue strengths of the ceramic coating steel is larger than

those of substrate in a low stress region, and will be increased when the
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adhesive strength of coating layer is improved.

4) In corrosion fatigue process, corrosion pits are initiated at the interface
between the undercoating layer and substrate. Subsequently, cracks are

initiated from pits and grow into the substrate.
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Fig. 1 The shape and dimension of test spec_:imen(unit ©omm).

Table 1 Chemical compositions of S45C (wt %).

C Si Mn P S Cu Ni Cr

0.45 0.21 0.75 0.026 0.013 0.01 0.02 0.13

Table 2 Blasting and spraying conditions.

Blasting Bond Ceramic
process coating coating
Whit
Material composition "€ 1 Ni-45%Al TiOz
Alumina
Powder size(ym) 15~53 45~90 10~53
Air pressure(atm) 3 3.7
Distance(mn) 50-100 100~175 70
Speed of 250 250
specimen{rpm)
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Ni-4.5%Al

(b) UCH

Fig. 2 Microstructures of coating layer.
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Fig. 3 Installation of thermospray system.
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Table 3 Microhardness of test specimens after heat treatment.

Spraying Hv (heat treatment)
distance Hyv (in air)
800 (TC) 1000 (C)
(mm)
BS 260 290 280
ucC 150 261 363 327
TUC 70 768 999 912

Fig. 7& UCHI9 84Aed 29YE, Fig. 82 7132 ¥ag niF2 9
g mguce] 49 SAAE 100, 126mY o MEY AYste /13 FFE

Holx 1 glon 1 ol4e AgdHe ZYL=(density)= B dojA 1 7%

e iAo L e Eacs el

(porosity)s Z7Heke AR Holm Yok ok WAAE APAM ohist
Az eAAAF Addn FEaE Agd oA Az FEAE R SAIAS
o) 52 25 9§37 de APl ofs 3T Atz gL
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Fig. 7 Variation of coating density according to spraying distance.
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Fig. 9 Adhesive strengths of undercoating specimen.
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Table 4 Mechanical properties of test specimens.

Tensile strength Yield strength Elongation
g (M) gy (MPa) 8 (%)
BS 760 675 12.1
ucC 722(763) 677(710) 8.3
UCH 691(706) 487(496) 237
1 TUC 710(746) 667(701) 12.2
TUCH 669(704) 485(509) 24.1

Stress direction

Fig. 10 Surface cracks of TUC specimen after tensile testing.
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Fig. 11 Tensile characteristics of test specimens.
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Fig. 12 S-N curve of fatigue test in air.
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Fig. 13 S-N curve of corrosion fatigue test in 3%NaCl solution.
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Fig. 16 (continued).
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Fig. 17 Fractographs of ceramic coating steel.
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(b) in 3% NaCl (0a=400MPa, Nf=45x% 10° cycles)

Fig. 18 Pits and cracks at surface after fatigue tests.
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