Journal of Korean Powder Metallurgy Institute
Vol. 12, No. 2, 2005

Adzj0E B A 2t
28N . Jun Komotori
AR AFA, YA BTN,

glo| oz Zzol Oxjs £

g 47 9

XMool A&

a. O|E*
ZE 150, 305-353

AR Aoledgam 7)AF

Effect of Post-heat Treatment on Fatigue Strength of
Thermally-Sprayed Stellite Alloy on Steel

Jeong Seong Oh, Jun Komotori “ and Chang Kyu Rhee*

Dept. of Nuclear Materials Technology Development, Korea Atomic Energy Research Institute,

150 Dukjindong Yuseonggu Daejeon, 305-353, Korea
“Dept. of Mechanical Engineering, Keio University, 3-14-1, Hiyoshi, Kohoku-ku,
Yokohama-shi. Kanagawa, 223-8522, Japan
(Received January 20, 2005; Accepted March 25, 2005)

Abstract The effect of post-heat treatment on the coating characteristics and the fatigue strength of the gas
flame thermally sprayed Stellite alloy coatings on 0.35% carbon steel were investigated. The fatigue fracture sur-
faces of the heat treated samples were observed using SEM (Scanning Electron Microscopy). For as-sprayed sam-
ples, there was considerable scattering in the fatigue life due to the presence of the pores in the coating. After the

post-heat treatment to improve the microstructural characteristics of the coating layer, the fatigue strength of the

specimens was greatly improved, increasing with increasing the coating thickness. For the specimens with the

0.3mm and 0.5mm thick coating, the fatigue cracks originated in the substrate region just below the interface. On
the contrary, for the specimens with the 1.0mm thick coating, they nucleated at the pore within the coating, and the
fatigue strength was 2.6 times higher than that of the substrate due to the high fatigue resistance of the coating.
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Fig. 1. Typical geometry and dimension of fatigue speci-
men.
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Table 1. Chemical composition of Stellite No.6 (wt%)
Ct Ni W Fe - Si B C Mn Co

18.80 13.10 7.68 225 228 1.78 0.74 039 Bal

Table 2. Gas flame spraying parameters

Primary Gas Oxygen (0.5 MPa)
Secondary gas Acetylene (0.1 MPa)
Powder carrier gas Air

Spraying distance 150~200 mm
Rotational speed of specimen 300 rpm
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Fig. 2. Results of fatigue test for thermally-sprayed Stellite
alloy coating on steel.
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Table 3. Comparison of fatigue life and microstructural characteristics between specimen A and B

o =130 Mpa Specimen A (long life) Specimen B (long life)
Fatigue life 107 cycles (not failed) 10° cycles
Jarea, 30.3 um 81.4 pm
Volume Fraction 0.11% 0.84%

Microstructure

S \w:;«f
(a) As-sprayed

. . . " e S

(c) 1050C 0.5h

[P K
it

(b) 930°C 05h

w

G N

(c) 1100TC 0.5h

Fig. 3. Change in microstructure of coating layer after the post-heat treatment under various conditions.
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Fig. 4. Change in porosity of coating layer after the post-
heat treatment under various conditions.
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Fig. 5. Change in Vickers hardness near the interface
between coating layer and substrate.
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Fig. 6. Relationship between the nominal stress ampli-
tude, S, and the number of cycles to failure, N, for the
fatigue test specimens.
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Fig. 7. Typical micrographs of fatigue fracture surface
tested at S=410 MPa, N, =4.45x10° cycles for (a) the spec-
imen with 0.5 mm thick coating and (b) magnified view of
the fatigue crack initiation site.
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Fig. 8. Typical micrographs of the fatigue fracture surface
tested at S=470 MPa, N, =3.23x10° cycles for (a) the spec-
imen with 1.0 mm thick coating and (b) magnified view of
the fatigue crack initiation site.
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Fig. 9. Typical micrographs of the final fatigue fracture
surface region. (a) substrate region of the uncoated and
(b) substrate region of the specimen with 1.0mm thick
coating.

E g $40ie A% A48 9G4RS o A
Dyl SPzel Yo 2Y33 Balele]
WHee] YHt Ao wuse] g,

4. 4

T

k3

A FEE B BAZ S Sl H &
Aoz sdelolE e TR PR o
A% 220 AAE S TH2e) B4 Wz
2 zAslglon =2 H4 39 A2 APL Sl
Sz 33 54 2l

I 2EiElolE g Fhs HY SAPIOE The
TR AFBY A5, A2 5] sofEe) ol
zom, sz Sme) 2otEEe) Qee Zrte) Ay
Be| T3] BAS AT D 4o} A
k2] dRollet.

[*]

2. 8AF F Mg 271 S & SA)
o] AL, 92 $He 25EEe] 2 sl
GAE 3 SARS A ZA7E A QA &
el Sl A =R sl Al 745 ) o
Toll &4 Wyl U] ofifA o AF} BA
o} vj3)] w|27kxr) 34 Slsisdh

3. ¥ Zo] ¢k2-(0.3~0.5 mm) S EA|A =)
7b defytort, R Fo] F78(1.0 mm) ¢ I
FlA F2sk7t dofut FRFe] 7T Qe I
B - S| RA 0] FE3] WS ZAlel Bls) 2.6
W E IE ZEE vepliglch

1. M. H. Staia, E. Ramos, A. Carrasquero, A. Roman, J.
Lesage, D. Chicot and G. Mesmacque: Thin Solid
Films, 377-378 (2000) 657.

2. Christopher A. Brown and Stephan Siegmann: Interna-
tional Journal of Machine Tools and Manufacture, 41
(2001) 1927.

3. Devicharan Chidambaram, Clive R. Clayton and Mitch-
ell R. Dorfman: Surface and Coatings Technology, 192
(2005) 278.

4.H. J. C. Voorwald, R. C. Souza, W. L. Pigatin and
M.O.H. Cioffi: Surface and Coatings Technology, 190
(2005) 155.

5. C. Godoy, M. M. Lima, M. M. R. Castro and J. C. Ave-
lar-Batista: Surface and Coatings Technology, 188-189
(2004) 1.

6. V. Stoica, R. Ahmed, T. Ttsukaichi and S. Tobe: Wear,
257 (2004) 1103.

7. C. N. Machio, G. Akdogan, M. J. Witcomb and S. Luy-
ckx: Wear, 258 (2005) 434.

8. T. Sahraoui, N. E. Fenineche, G. Montavon and C. Cod-
det: Journal of Materials Processing Technology, 152
(2004) 43.

9.J. U. Hwang, T. Ogawa and K. Tokaji: Fatigue Fract.
Engng. Mater. Struct., 17-7 (1994) 839.

10. K. Padilla, A. Velasquez, J. A. Berrios and E. S. Puchi
Cabrera: Surface and Coating Technology, 150 (2002)
151.

11. Y. H Shieh, J. T. Wang, H. C. Shih and S.T. Wu: Surface
and Coating Technology, 58 (1993) 73.

12. Y. Murakami: Effect of Small Defects and Nonmetallic
Inclusions, Yokendo (Japan).

13.J. J. Kruzic, J. M. McNaney, R. M. Cannon and R. O.
Ritchie: Mechanics of Materials, 36 (2004) 57.

14. T. Takeshita: M.S thesis, Dept. of Mechanical Engineer-
ing, Keio University, Japan (1997).

Vol. 12, No. 2, 2005



