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Effect of Microstructure on High Temperature High-cycle
Fatigue Properties in a Ni-base Superalloy
Masaru YAMAMOTO, Yuhji QOTSUKA, Ohmi MIYAGAWA, and Dai FUJISHIRO
Synopsis :

Effects of grain size, y' particle size and grain boundary configuration on high-cycle fatigue properties
of a Ni-base superalloy Inconel 751 were studied over a wide range of temperature up to 900°C.

Below 750°C, fatigue life increased as grain size decreased because of the slower propagation rate of
fatigue cracks which generated along coarse slip bands. When the temperature raised up to 900°C,
the intergranular cracking became predominant with decreasing grain size since dislocations could be
readily released from pile-ups by recovery and intergranular oxidation might be accelerated, while
transgranular cracking still remained in coarse grained specimens. The propagation rate of intergranular
cracks was so much higher as compared with the transgranular ones that the maximum fatigue life at
900°C was attained at the specimen of medium grain size in which the mixed trans- and inter-granular
cracking occurred. Zigzag grain boundaries with coarse carbides had not a beneficial effect on the
fatigue strength and fracture mode at 900°C even when the intergranular cracking took place. It was
also found that effects of y' particle size and temperature on fatigue strength were related not only to
changes in dislocation-particle interaction with particle size, but also to temperature dependence of

strength of 7' particle itself.
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Table 1.
(wt%).

Chemical compaosition of Inconel 751

C Si Mn S Ni Cr Ti Al Fe Cu Nb+Ta

0.06 0.15 0.06 0.007 bal. 14.53 2.39 1.07 6.52 0.03 0. 96
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Photo. 1. Zigzag grain boundaries of directly-
aged specimens.
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Fig. 1. S-N curves of Inconel 751 with different

grain sizes and ;' particle sizes tested at room
temperature.

Table 2. Heat treatments used in this study.

Solution treatment

Aging treatment Test temperature Notation
11000 x2h - WQ ;r;))% :33: _: Qg RTy‘ngg‘(' Fine grain-aged
1150Cx2h - WQ Z)(%”’(L: i,‘i: E ' //:8 ;38% Medium grain-aged
no aged RT Coarse grain-no aged
. . 750C x24h - AC RT, 750C ” -aged
1200Cx2h -» WQ 750C x1000h — AC RT, 750C " -over aged
900C x24 h — AC 900C ” -aged
1100C x2h — 975C x6 h(DA) — WQ Fine grain-DA
900TC x24h — AC 900C
1200Cx2h —+975C x6 h(DA) — WQ Coarse grain-DA
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Fig. 2. S-N curves of Inconel 751 with different
grain sizes and 7' particle sizes tested at 750°C.
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Fig. 3. S-N curves of Inconel 751 with different
grain sizes tested at 900°C.
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a) N=5.0<10% cycles (G% Nip) b) N =3.2% IO6 cycl(s (0% Ny)
c) N=6.8x105 cycles (85%N¢) d) Secondary crack in
longitudinal cross section

Photo. 2. Typical surface cracks a)~c) and se-
condary crack d) in medium grain -aged specimen
tested at 730°C under 40 kg/ mm?2.  Stress axis 1s
vertical.
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Fig. 4. Surface crack growth curves of coarse-
grained Inconel 751 with different ;' particle sizes
tested at room temperature.
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Fig. 5. Surface crack growth curves of Inconel
751 with different grain sizes and 7' particle sizes
tested at 750°C.
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a) Coarse grain-aged, N=2.0x10% cycles (0.5% N¢)
c ) Coarse grain-aged, N=4.0x 108 cycles (95% Ny)
e) Fine grain-aged, N=2.1x108 cycles (91% N¢)

b) Coarse grain-aged, N-=9.1x105 cycles

(22%Ny)

d) Fine grain-aged, N=1.8x106 cycles (78% N¢)
f) Fine grain-aged, N=2.2x10% cycles (96% N¢)

Photo. 3. Typical surface cracks of coarse and fine grain-aged sdecimens tested at 900°C

under 18 kg/ mm2. Stress axis is vertical.
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Fig. 6. Surface crack growth curves of Inconel
751 with different grain sizes tested at 90C°C.
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Photo. 4. Fractographs of fine grain-aged spe-
cimen failed at 900°C under 18 kg/ mm?2.
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Fig. 7. S-N curves of directly-aged Inconel 751
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a) no aged, RT test, N =4.6x105 cycles
c) over aged, RT test, N=7.0x105 cycles

b) aged, RT test,
d), e) aged, 700°C test, N=1.5x105 cycles
f) over aged, 700°C test, N =3.0X 104 cycles

x 105 cycles

Photo. 5. Transmission electron micrographs of Inconel 751 fatigue-deformed at room
temperature under 34 kg/ mm? and at 750°C under 41 kg/mma?2.
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Photo. 6. Transmission electron micrographs of
Inconel 751 fatigue-deformed at 900°C under 18
kg/mma3,
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