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Characteristics of inter-particle rupture on
LCF fractograph of P/M nickel-based superalloy

ZHANG Ying, LIU Ming-dong, SUN Zhi-kun, ZHANG Yi-wen

(Central Iron and Steel Research Institute, High Temperature Material Institute, Beijing 100081, China)

Abstract: The mechanical property of sample fractures shows inter-particle ruptures due to the existence of prior particle
boundary (PPB) in P/M superalloys. The inter-particle rupture morphological characterization and type on low cycle
fatigue (LCF) fracture of a nickel-based P/M superalloys by plasma rotating electrode process (PREP) plus hot isostatic
press (as-HIP) were analyzed by SEM, TEM and AES. The causes of PPB formation and relationships between PPB and
mechanism of fatigue crack initiation and crack propagation at inter-particle, as well as the effect of inter-particle rupture
on LCF life, were discussed. The results show that PPB in P/M nickel-based superalloys processed by PREP +HIP is
caused by many composite factors, PPB reduces the fracture toughness, and directly affects the degree of inter-particle
rupture, a single particle to be the crack origin on LCF fracture accounts for 67% of the total fractures, multi-particle 17%,
other 16%. The distribution characterization of inter-particle fracture on LCF fractograph can be divided into four grades,
the more serious inter-particle fractures affects fatigue lives more.
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Fig. 1 Morphologies of inter-particle rupture on LCF fractures surfaces: (a) Macroscopic; (b), (c) Single particle in failure origin;

(d) Several particles in failure origin; (e) Crack propagation in zone I ; (f) Radial spread edges around failure origin; (g) Inter-particle

rupture between zones I and 1I; (h) Inter-particle rupture in zone 1I
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Fig. 2 Inter-particle rupture with different degrees in rapid crack propagation zone: (a) Single particle rupture; (b) Several particles

rupture; (c) More particles rupture; (d) Severe inter-particle rupture
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Fig. 3 Morphologies and EDS results of particle surfaces and inter-particles: (a), (b) (Ti,Nb,Hf)C; (c), (d) Carbon-oxides; (e), (f)
Oxidative particle; (g), (h) Reaction zone of capsule welding slag between particles
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Fig. 4 Morphologies and electron diffraction
pattern of MC phase on PPB: (a) SEM image;
(b) TEM image; (c) Electron diffraction pattern
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layer of AES fracture
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Fig. 6 Element distribution maps between particles on fracture failure origin in Fig. 3(g): (a) Al; (b) Mg; (c) Hf; (d) O
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Fig. 7 Relationship between location of single particle at

failure origins and LCF life

Fig. 8 Morphologies on LCF fractures surfaces of samples G and D: (a) Macrophoto of sample G; (b) Macrophoto of sample D;

(c) Single particle in failure origin of sample G; (d) Single particle in failure origin of sample D; (e) Intergranular and transgranular

rupture at rapid crack propagation zones of sample G; (f) Inter-particle rupture at rapid crack propagation zones of sample D
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