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Study of Thermal Spraying Technology Having Both Heat Fatigue Characteristic
and the High Temperature Oxidization Characteristic

Keiji SONoOYA and Hiroyuki MIYAZAWA

Synopsis : The heat fatigue characteristic and the high temperature oxidization characteristic were examined about the typical cermet and metal type

sprayed coatings as a part which aims at the life extension by applying thermal spraying technology to the components used in the intermedi-

ate temperature region of a diesel engine efc. And most suitable sprayed coatings was collected. The result is summarized below. (1) The high

temperature fatigue characteristic of Hasteloy C sprayed coating was superior to Cr;C,—25%NiCr sprayed coating and was more than or as

same as that of steel coating. (2) From a high temperature oxidization examination result, it became clear that the high temperature oxidiza-

tion characteristic of Hasteloy C sprayed coating was superior to steel casting and was equivalent to Cr;C,~25%NiCr sprayed coating. (3)

From (1) and (2), it was shown clear that Hasteloy C psrayed coating having the both excellent ability of the High temperature fatigue charac-

teristic and the high temperature oxidization characteristic excelled in the environment-proof property of components in the intermediate

temperature region.

Key words : thermal spraying; steel casting; Cr,C,—25%NiCr; heat fatigue characteristic; high temperature oxidization characteristic.

1. #E

B, F 4 ¥ YD VEOBEPEMES TIIEERL
REHHLOD, FHIALEHMEE BB R BRI
5N, EWIMEYE, WEFREMN S 5 IR &ML & 28K
ENBEIITh-T2, ZTORYD, BN RV 2EHM0
M ERFARBRED ) | % Bt B 1% 23 Je e U T & 72, RRICHIRE
MTHHAINL T4 —¥LIYy v hETi, KA
& Ti#t I K O B4 O MR EE % 2 T & 5 R 4HETO
WHASMBEIN TS, EZAT, BHEHELEITS L6
& R IER O RERLBIERREDE N LD, SHRE
TREPICBROTAPREEL, BEFEENMETI 3580
b3, Lrl, BHEBOBEFECOVTIIREZA
7=BIE L A E 0,

AT, T4—¥LIyorvEphEg oI hs
HHIZOWT, BEHENC L3 RBREOA LB K UFH
HEMAEBHET—RE LT, RENLEY -2 v P BLUER
DIEGFTRE I DO TEYE T Rt b & OB iR LR 2 et
L7z,

2. ABRGE

BEHMBE LT, RMEOEN-RENLZNZITOAC

(Ni-16%Cr-16%Mo-3%W—-5%Fe)% K U4 — X v b D
Cr,C-25%NiCr & vy, 7 I+ 5 gy FaEfnkyay
FTITAMICEOHEBABLEZE, BRI TL -4
(HVOF : High Velocity Oxygen Fuel)ia%t % FvyTHEAM
ICKSKPTEH L 72, BHEME, BRFE4S0L 57,
(FEH : 0.5MPa), FussvikiaoL/ %, (Fh:
0.4MPa) , BETEEEE200mm & L7z, EMIEF 4 —¥rx
YUV THAZR T S8H (1%Cr-0.5%Mo, L&
EIER) AW, EEICNATOA CAEHVOFEE L7
LD (LI AM &M E) , Cr,C,-25%NiCr % HVOF iE 41 L
26D (UERBMEMTER) &RERICHL 7=, BHEEDE
JEi3300umice B kD12 U7, &7z, HlkbE UTHEM
DEEH G FRERIZHE L 72,

B EOMERERM I, BERE R, SR A
BEME§ 5 Z LIk DFEBL -,
2.1 SEREFHR

AMt, BMBEUSMIZDOWT, O A X 3Ky
A ONEFHRBRET - 72, B A 7 VEFRBRERE
Fig. LSRN WHEMIE, SbeaBRA oMt Tk, Hi
LA & U CFATEICIAS L= EHHEMICHENH DK
M X 2O, S K UBEHEBE S, FirE4E
FHENZFATIZ T A ) —#KTR00FE F THEML EIF L TR
ERizfit L 7=,

FER16FE3AIBHZM FXK 16410 A 4 HZH (Received on Mar. 9, 2004; Accepted on Oct. 4, 2004)
¥ GINSHEERLT (M) ity 2 — £ ERHTFIFE (Joining Technology Group, Production Technology Development Dept., Production Engineering Center,
Ishikawajima-Harima Heavy Industries Co., Ltd., 1 Shin-Nakahara-cho Isogo-ku Yokohama 235-8501)

259 I



I 250

$% & 48 Tetsu-to-Hagané Vol. 91 (2005) No. 2

Y2-20UNF-3A

(Spraying: 0.3mm)

81.1

Fig. 1. Low cycle fatigue testing specimen (unit: mm).
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Fig. 2. High temperature oxidation testing specimen (unit:
mm).
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Material Microstructure
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Sprayed
coating
(HVOF)

Cr,C,—
25%NiCr
Sprayed
coating
(HVOF)

Base metal
(Steel casting)

(HVOF : High Velocity Oxygen Fuel) 1004 m

Fig. 3. Microstructures of the thermal sprayed coatings
and base metal.
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Fig. 4. Low cycle fatigue test results of the thermal
sprayed coatings and base metal.
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Strain range, A £t (%)

Material
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Hastelloy C
Sprayed coating
(HVOF)

Cr,C,—25%NiCr
Sprayed coating
(HVOF)

Base metal
(Steel casting)

(HVOF : High Velocity Oxygen Fuel)

Fig. 5. Outward appearances of specimens after low cycle fatigue tests at 673K.
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Thermal sprayed coating I

Test temperature :673K,

Strain range:Aet=0.6%
Number of cycles to failure: Nf=2094cycles

A:The near interface of sprayed coating and base metal
B: Crack propagation part

C:Compulsive fracture part

D:Central part

Fig. 6. SEM microstructure of fatigue fracture surface of
the specimen sprayed with Cr;C,~25%NiCer.
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(Steel casting)

Test temperature: 873K
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Fig. 7. Microstructures of cross-section of the thermal sprayed coatings and base metal after high temperature oxidation test.

Table 1. Thickness of oxide of the thermal sprayed coat-
ings and base metal after high temperature oxida-

tion test.
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Fig. 8. The relation between Fx, and the interval of the
cracks.
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Fig. 9. Schematics of initial cracking of three kinds of specimens in fatigue testing at 673K.
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Cr3C2-25NiCr

Sprayed coating
(HVOF)

(1)Crack initiation on the surface

Cr3C2-25NiCr
3 i (03mm)

Base metal
(1Cr0.5Mo)

(Early step of fatigue)

Il

(2)Crack propagation to the base
metal

Fatigue crack propagation to the base metal
from crack of Cr:Ca-25NiCr layer

Hastelloy C

Sprayed coating
(HVOF)

(1)Nothing occurs

Base metal

Hastelloy C
i (0.3mm)
(1Cr0.5Mo)

(Early step of fatigue)

J

(2)Crack initiation on the surface
and propagation to the base metal

Fig. 10. Mechanisms of fatigue fracture for Cr,C,~25%NiCr sprayed coating and Hastelloy C sprayed coating.
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Fig. 11. Thickness of oxide of the thermal sprayed coat-
ings and base metal after high temperature oxida-
tion test.
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